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POREWORD 

To Symposia orgariizers, having the Proceedings 
ready before the event means always some chalienge. 
MANAUS/1990 has made it. More than twelve hundred pages, 
including the papers submitted for both the 6TH BRAZILIAN 
SYMPOSIUM ON REMOTE SENSING and the ISPRS Commission I's 

INTERNATIONAL SYMPOSIUM ON PRIMAR? DATA ACQUISITION, have 
gone through printing and are in your hands. 

Several institutions and people have contributed 
to this achievement. 

In first place, the authors, which, in large 
majority, were strict in providing the manuscripts in time. 
Second, the organizing institutions, INPE, SELPER, and 
ISPRS/SBC, and the Commissions on Programs and Arts and 
Printing. Last but not least, the financing organizations, 
CNPq, FINEP and FAPESP, as well as the event sponsors: the 
Canadian Government, ESA, NASA, SPOT IMAGE, EOSAT, Carl 
Zeiss Jena, IBAMA and CNES. 

It is thus with a lot of effort and no less in 
pride that we deliver to the scientific community the 
Proceedings of MANAUS/1990. 

á4..4 

Paulo Roberto Martini 
MANAUS/1990 Coordinator General 
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FULL GE0NETRCAL SYSTM ICALIBRATION OF ME'l'RIC WERIAL CAMAS - 
RESTJLTS0F TRE FIRST CALIBRATION FLIGHTS E' THE TZST RANGE BRECHERSPTTZE 

Karl Heiko Z],lenbeck 
Institut für PhõtoqramTnetrie 

Uníersitat Bonn 
Nussallee 15, D 5300. Bonn 1 FRG 

tSPRS COMNISSION 1 

Abstract 

Th.e setup of the three-dimensional tent range Brecherspitze and .the 'irst rsuIte 
of system calibrat:ion under real vodkinç con.dlitiôns are :deSC1ibed- The high açc.ura-
cy: .of -th.e ground coordinates an4 the gr'eat :e1ev.ai6n di erences is th.e rangé 

perinit a pr.eise detertrinatioii of tbe fuli interior orje.ntat:ion and o:! errrs ig 

the uage plane. 

1. lirtroduction 

N.ówadays the Global Positioning Stem béuúes 
more i.rnport.ant in photogramfnatry ïot enly for 
pred.se navigation aí flight lines than for 
recording. elements of outer orientation oi each 
photo.. rhe use of known coordinates of the 
projection centere 1w an aerial t±aiultÍon 
IS, sup,ed to reduce tbe number. of terrestrial 
control pointe consiaerably Thereby the inor-
mation about the real isner õrientation aí the 
aièi.caineawii1:be aig i.íicant. Is the 1970's 
tiè].d calibrations for cheeking: the i'nrie:r 
oríentat.ion wére, moitl:ty earried eut os flat 
tést fielde» [4r5],  onitting the focal lenght. 
Newadys we need the fu] .eometical system 
calibration using mount:ainious test faelds with 
elevat±os dïfterences of more ttan a quarter of 
the mean tiying altit:ue te. break the high 
cõrrela tios between .ílying altitude and tOcai 
lenght in an .adjustrnent..,of or ntat.ion .ele-
mente. 

2. the Test Range 

The sétup õf the. tbree-dimensiatia]. test range. 
Breeherspitze and resulte of simuiàtíon compu-
tations gere pr.esented at. the. Kyoto congrese 
[2]. 
The test range Brecherspitze is 1 km by 1 km 
largo wjt1 dílierencesof 380 mie elnvatjoe, 
tbat means aboit Q%. of the mean fly±ng alti-
tude with. a vide ançei camera. The: terrais 
feature looke like a Slànted inversé pyramid. 

Tis geometrical teature fulfilis the assumpta-
os for an ideal teet range he decision for. 
cboosíng thi.s test r~0. VaE.s made because. df 
the existence of t]te. tbree-dieensional gedet± 
tent-net of bigh, nccuracy. o! ±1 nw n eah axis 
ot tha local •carthesiari coordinaté system [6]. 
The geodetic net w.a bulit  :Cp by6 .corete 
pillars situated, in. the eornere.sn&: tbé top. and 
thebottm of the tent range.:  
The photogtaíamet-riC test field, consista o!. 46 
signal plates in a more or lees. 'reulâr ar-
ranment depending os footpatbes in :the :area. 
1.7 signais. 5ere cordinated in piiCtY and 
elevatjon with as a.iracy of ±2 to ±5 nm in 
each coordinate axis and 12 additiori4 poiiits 
were neasured is elevaton only by nsel]e.mant 
ef !2 to ±3 nu aeciracy. Tbe renainding 1 
signala serve for stabiiizing the íntersevtídris. 
of imaging rays. im the .ad.jstnent. 

3. Photo Flights and Measerement 

The .pnig.uration. ef th.e pt o-f1ight. iM a 

four-fold biock along two !light lines rosSiog 
is the conter of: the ares. Tbe: phc'tfroïn t1i 
arossing eo,ers the whol test rtld.  Tbat 
seans a tnediúm .photo dale o! 1.5000, 
Up to now anly two pboto fligbts 'ere. nO sirf 
the flight ef RUinásche .Brauhkoh1anwcre (Rfl) 
trem octàbar 1987 witb a Zeis RNK 1/23 and 
the fiiht :f Xeravest froin kugnst 1988 
with a Wild RC .10. The measuving cas dome using 
the original B/W-negatiwes um anan.alytical 
plotter P1.40comp c100 withbinocular-' monosco-
pie viewing'. For inreas±ng the pôinting accu- 
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Figure 1 
Testrange BreeerSpftze 
with fUgiit• strips 

£ fnll contïol points 

. eievation LOfltTõl 

• only 

signais itbou± 
0 groundcoordinates 

ol tbe  anaiytical :pIottr the *easuteaent 
was done in: four sete •with'a rotation of 90 0  
etween e.acb set. This •méthod is very fa.t an 

precise for coordinat€ .measurément witb anay-
ticál •plotters. 
Both •pho.to Ílights •consist ôf 20 iinages each, 
with 5 pho.tos in eacb strip (sida 1-ap ei 70% to 
80%). 

4, Caijbration 

The coputatio of calibr.atiou resulta were 
cariied cu.t with the programa Cl? 31: t 
maternatical. acel is tbe •bundle adjusteent witb 
tha .photo toordinates as obseva.tiong and the 
terrain c.00rd.lnates and th.e oren.tatioü ele-
ments as tinknons. 'l'he fitting of ground 
1ont.r91 is ach.ieved )y 4d4i.tionai obsevation 
eqLlatiQns. for 1nown groua& coordinaten weighted 
by thair known .accuracy. Tbs redundancy  of such 
adjust*en is. about  .1500 observation versus 
less than 300 unknowns. 
The adjustmente for :the :tvo photo f1ihts were 
done ia four versions. 
lo the tirst ver5jon the moer orientation was 
described by 7 unknown elements 
- focal length c 
- principal point x y11  
- 4 paranetere for radial (AI, A2) and tangn- 

tial (Ti. T2) djstortion 

dx- Ai (r5  - r02 ) x + A2 (rq 
.+ Ti y2  +3x2 )+2T2 xy 

dy = AI (r 2  -' r-02 ) y 4 A2 (r 1  - r - ) y 
+ 2T1 zy + T2 (0: + 32) 

wi€h r = radial aistance from imege enter 
( r2 	x2  + y2 ) 

and r,, seorid zero áf distortion fwiction. 

Te the second irersián with altogether 21 
ei1nents of innr orientatiõn thé• dispiacernenta 
in the isage plane were described witb a 
parameter set ei BROWN [1] 

dx = Ai í.r.z - r. o  2  ) * 12 (r - r 4 ) x 
+13 (re - r0 ) x + 81 x + 82 y 
+ (Cl x2 - y2 ) •+ C2 x2  y2  

+ C3(x4: - y4) ) x / c + D1 x y + P2. y5  
+. 03 x2  y + P4 x y2  4 P5 x2  y 

dy = Ai (r 2  - t02 ) y + A2 (r 4 	y 
+ A3 (ra - r0 ) y 4 (CI. (x2  - 
+ C2 *R y2  + C3 (x4 - y4

1 ) y / 
+ P6 X y + D7 .xZ ,p P8 xX y + r9 

+ :010 xr y2 

4 



153.0935 
0.0048 

1:53. 09 
0.0 

153.09 
0_O. 

with 
1, A2 13 for •inf1úene. .of radial di.stort'ón' 

for. affine film shrin.káge 
Cl, 2, C3. for unflatness. of the iag,e plane 
Dl 	DiO 	for unregular i.naqe dlsplaceiaent 

icludinq non-radial distortion. 

r1ie third and tourth versions are .fâr coinpari-

san: tbe e1eeats ef tbo inner orientation fr'o 
laboratory calíbration are fied ia the. adjtst-
inénts. The th.ird version is. a "norma1' adust-
rnent w:ithout a'dd:iti.õnal parameters, jn the 

fourt.b version the Brovn .paraeters are the 

'additional parametrs. 

Tabie 1: Rsuitsøf calíbratíon 

ver'sion- 	1a' 	c 	xh 	yhl m1 CF X0 

	

0xh 	'°yh 
ZO 

(pm]MI 	[n- ) 	(nn1 	(nún] 

1 
3.3 

1 
153.4783 O.113 

1 
1  -0.0274 

0.0057 0.0027 0.0030. 

R52 3.1 153.4709.1 -0.011:4 O..0049. 
(5rowr) 0.0055 0.0019 .0.0015. 

R3 3.7 153.481 0.001 -0-008 
(Labordaten) 0.0 0.0 1 	0.0 

R54 3.3 153.481 	j. 0.001 -0.008 
rown 0.0 0.0 0.0 

Labordaten) 

AW 2.3 153.091.7 -0.0025 -0.0179 
0.0048 L .0.0023 

ÀW2 	12.3 
(;Srown.) 

• -0.010 -0.011 
0_o 0.0 

-0.010 -0.011 
0.0 0.0 

AW3 
(Lâbordaten) 

AW4 	 12.4 
(Drown.. 
abordaten)'. 

-0.0020 
0,0915 

0.002,5 

-0.005.9' 
0-0014 

4.2 1 10.-3D 
4.5 10-30 
7.8' 20-30 

4:01 10-30 
43 1Q-30 

20-30 

10-.3 Q  
5...Q 1 1.0-30 
8'.6 5-15 

4.1 10-20 
.4,5 10-20 
7.81 5-15 

.3.3 10-3.0 

	

3.3 	030 
6.1 20-30 

3.3 10-30 
3,3 10-ao 
64. i .)-310 

40 10-30 
4. .0 10-30 
74 •' 5-15. 

3.4 iO-30 
6.3 1  55 

cio = aiØa naught of ad3ustrnent 
e, Qc  = focal lengtii and standard variation 

*b, h' Nh, ayh  principal 'poirt with Étandatd variation 
"rn 	z' = rms-values ot the standard deviationso± ground. coordints  

cru i  azo  = standard dviations o! the.projectiou ,ceters 
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Pigure 2: 	 Figure 3: 
image d.ispiaeement. (Brown Parameter) 
	

Image displacement (Rrown Parameter) 
Fltght. RB wih Zéiss camera 	 F1iht AM wíth Wild camera 

IIDIUS 14110 .1AtU3 010 

Figure 4: 	 Figure 5: 
Radial distortion and standard 
	

Radial distortion and standard 
deviation (dõtted) [um] 
	

deviation (dottèd) [im] 
flight RB with Zeiss camera 	 Flight Mi with Vild catttera 

5. Results af Calibration 

The eiement ef inner orientation were conpi.ited 
with a high accuracy, better thari supposed 
after simula•tjon coinputations 12).. Reasons 
theretore are the actually better accuracy of 
tbe ground control and the higher number of 
p]otoa used in the actual ad•jus.tmens. 
The adjusted focal length and Z0-coordinates of 
the prõjection cënter5 are correlated with 
coefíicients between 0.86 and 0.96, aceording 
to the place of thE photo ia the strip. 
.The d.ifferenees between nõw adjusted (versions 

1 and 2) and laboratory-caljbrated focal lenght 
are not. signiíicant. Thereby are tbe resulte at 
the versiôns 1 without additional paranetere 
(RBI, Mil) closer to the laboratory calibration 
thaa the resulta of v.ersíons. 2 with thè .8rown-
parameters. Th&t neana, t.hat the additional 
paranetere describe scaling .effects, which 
change the focal lenght. 

Fig. 2 and fig. 3 ahow the iaage displacements 
of a regular qrid in an useful arca o! 200 mm 
by 200 mm cauaed, by the rÕwn-paameter (A]. to 
DiO). 
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Tbe pósitioÉ 'óf the principal point is not. 
bomogeneous through the ditterent adjustménts. 
?he differences between R91 and 182: result from 
sinificant. parameters of tangential distortion 
Ti and T2, ihich are corelated with xh  aid yh 
respectiviy with 'coeff:íeients between 0.85 and 

The É. adial distortion 'computèd wih the pararne-
ters and AZ is dravn in fig. 4 and tig. 5 
and is comparsa: with the polynoni of radial 
distortion Iroa the laboratory calibration. CL). 

Resides tbe itner orientatxon, table 1 sho1s 
tbe accuracy, óf the adjusted ground coordinates 
aid ,f ths proection centers. Tbe accuracy of 
jround coordinates is proportional to the 00  of 
the mdjustment. Tle figures for tbe projection 
cente:rs are ali in the sarne levél with the 
exception O1 azo  thé accuravy. of the flying 
altitude: with fixed focal lenght (versions 1 
and 4) the flyinçr altitude is adjusted with a 
very high accuracy. In the cali:bration versiona 

1 and 2 t1e Rceura.cy is much more vorse, beesu-
se of the correiatjon u±th the free focal 
Ienght. 
Remarlçablè ditterencés are betwëen the adjiigted 
:f.lying altitudes too. (nàt shon in the tabie). 
There are differences o! 30 mm to. O iirn hetween 
tbe versions 2 aná 4. They are d±re& propor-
tional to the di.!ferences iii the focal leght. 
Tbe ei! ecta of the difterences are coinpensated 
theretove. That means that the fiyinq altitude 
is Uotxactly :deterTiihab1. and the biqh 
accuacy,  ii tbe version witb tired focal ienqht 

reltabie. 

.6. Closing Reiarks 

The mlibration. results o! the firat t.wo 
f1igIt.s over the teat range 3re*herpitze gchw 
that a fuli •qeometrica]. system calibration is 
possible, .though under bad cond.itions vorse 

iliutnination proabLy caused the lower accuracy 

levei O! thë RbFiigh t itb lhe Zêi.ss camera 

versus tbe AV.flight witb tlie Vi1d c4utera. !  
Still fieldcalibration is a feasabIe methõd o!: 

caaera calÍbration. But for -stu.dyí.nq the acckz-
racy and reliabiUty of oríentation, parametern 
bigber reçuiremerts are to be satisfied. 
This ould be dona with larger or mora: precise 

! e di!rences in elevatjon, ei wjth a combine4 
adjustrnent of two. blúcha with diftéremt flyinq 
àltítttdes wjth GPS-easuted differences betwêen 
the hihts 
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STANDARDS IN DATA ACQUISITION FOR PHOTOIRAMMETRY AND REtIOTESENSINÜ: 
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A5TRACT: 

Coflirr,ission 1 aí the [nternétional Society for Photogremmetrg and Remote Sensing (ISPRS-I) 
has lonq been involved with the formulrition aí recommencled procedures In regard to the 
calibrotiori and testïng aí opticaf s!steme to be used in photogrammetrj. This áctivity was 
precipltotedby tlie desire to achieve an international agreemeiit on haw to test aerial cameras 

nd cun how to best report the obtalned results. SPRS-1 has iri the past In regard to the 
developrnert 6nd rnainterrance of these recommended procedures greatly bénefited at no cost 
from extensive Jnput provided bg peronnel from a rio tanger existing rarch group WhiCh 
was able to tio muchof Lhe perforn'ied work ta efíorts ana notionolleve], ISPPS-I has further 
venturri irita recornmeruding a specification for aerial survej photographj and esteblished a 
formal fiat%on with one oí the TechnicaI Comrnittees of 190 The ir resing use aí Imeges 
t&en from outer space for mãpping does not et presant appear to be supported bg general 
specifícations 

Th paper aLt ernpts to surnmarlze the prserit situatiori and offers suqgestions in regard to an 
ISPRS invoiv.ernerit mio Lhe developrnënt and rnaintenance af standards ar standard-related 
diic'jments 

EY WIJPDS: Speciflcation, Recommended Proceures, Stenderdízation 

SVNOPSIS 

Commission 1 of the Interrrntional Socletu for 
Photogrammetry and Remote Senslng (lSPPSI) 
has been involved appro,drnatelij slncethe end of 
WcrId II with the deve1órnpnt of rocom-
rilded procedures rn regard to Lhe calibretion 
and testirïg of aerial comeras, This activity was 
precipltated by Lhe desire tu achleve an 1nter-
national agreernent Ir, regard to testing and the 
reporting of the obtalneii results; it was et the 
time supported by the major national testing 
1abõratories by manuíacturers of eeriel com-
Pr~s, Dy edication& instltutions such os the In-
ternational ínstitute.  for Àerospace Survey and 
Earth Scfences (ITC), and at leest one military 
research estabflshment in the USA. 

Te major traitione1 national camera calibra-
tion fecflitles (located atthe United States Ge-
oloico1 Survey (USOS) end Lhe Nationel,Research 
Council aí Canada (NRC) - athers have been es- 

tablished in recent years) tocIay represent much 
of tlie consensus achieved in Lhe 1950s. 4t the 
some time, they use caTibrotion phllosophtes es-
sentielly dating from thet time and heve fiied 
to meke major advances in regard to accommo-
dating the consequences of some oi the carnera 
improvements mede siflce, both organizations 
provde a service rnendeted 8nd in its content 
now determined by nation& mapping require-
rnents and heve In the post beõn rether resiIlent 
to meke further egutprnent and/ar procedural 
changes to bring aboul a better correspondence 
between results reparted for ide.nticel cerneros 
by either faci1iti, a Íect bothersome for camere 
owngrs outside North America how wish to Use 
the servtces at either USOS ar NRC with a deci-
sion berng besed cm current celibration fees and 
eichürige rates. The arquments braught forwerd 
are one of madification ",penses and one of 
changes whlch mtgtfl be necessary In the na-
tioa& mapping speciticatlons; howe'er, it is un-
derstpod that the U$5S is in the process of im_ 



rnerttiiq &. pr5ent '.6 çommerCl6 1 y 	oitite 
mera I.ion soÍtwre Packega 

rIe hvO !ntwrted facflíttes use photoráptw 
iracdures Tór Coniera ciibrt1oh -Mid do e1trr 
rt prv1c1e: 3ny lmge ~fity Aate (NRC 'wbere 
reaWtiorj lues- wer.e !1O longer considered to 
be. cr1tc& íri lhe er1y6øs when new eQUprnent 
wa. taken nito sersice a chane is 'now beirtq 
saighk by Me táderal rnar'piflg Quthorl ti) r Mig 

001UtIon rumber (UStS). The 
maior cturr aí aerial tarn6res use pre-
dorfflnantlu nan-photbqraphfc proceUres, and 
noenriwIdes iflE qualitV data m Uië íorm o 
aottc trnsfer fi.flct1OflS. le6Viflg the pho 
t01r5n1111etriZ Conimunitywith little e] ,-:te than 
NO-cantrat •savriq pawer dat, Í pOssib1j 
little r1van 	in rerd ta practic& c6rner 

'd ekibfectie iudjement ot mee 'qulity. 
to go bij 1h trqing to i12elect the lmses •desired. 
TIie iõrfcturershvp. In the past h8ci problern 
-to 0e tteir carnéra es'.séd a5 fulf iIIing highest 
rurements at eiter USGS ar NRC. Recent ad- 

es In temera design hve lcd to Lhe point 
wnereone rnnufcturer rec&cultes te.rss us-
.ing aldr procedures to pass a c&ibratlon aI ane 
ot Lhe iflUe'sttius 'de facto elirninaUng frorn 
'ré cl'fbratton process a che:ck o technologiül 
advanees wtIc:h the exisUng. racilities is uneble 
to'cape.witil, and aI thá Swie Wne deprivlflg Lhe 
uRinite user aí a camero in Lhal cauntr from 
'ta)1ng fufl ai1vaitage cjf those technoloçpc& ad- 

In reqardtrj Me deve 	and maintenance of 
recoIrtïerided procedures: for lhe cai ibration and 
testirig of 'aria1 'camras. ISPPS'-1 has in trio,  
pat greatIU berieíit.s'd at no cosi from etens1ve 
input provicled by persorunel I.  NRC, a service. 
nó Toner ávaitúble siruce Lhe retirernent aí P0. 
terrruon a frmer secretary of ISPRS-l) ãtod the. 

soLution (in I96) of  lhe NRC Photograrnmet-
fic. P.esaarcfr sec ti ori iDrg8nlzat! onal changes at 
NPE hi de (ct:a •renuo'ed Lhe run'rnng aí 'lhe 
caniq-a ra}tbration facffltg Írom Lhe inÇlu?nCe of 
lhe øhatograrnmetric cõmmunity, and. attemptS 
are naw being mde.Lhere to errange (ar outsi'de 
peronneI to asist in the crryirig out aí Lhe 
colibration work. The situation. at NRC.is in par-
f.cu1ar regretiable since Éntenslye ef'forts had 
heeri rn'ad in' cons.tr.u.ting e íooliit  to derive 
optical trnsÍer funcUÓne for aeri& lenses afld 
lo use these es th8 base for modern image-quel-
itu-deflnlng oararneters Ttte tntended use of lhe 
ïacilitg would h3e provided the possbilitg to 
consult wlth the. mwiuíacturers in regard to the  

bbtained data and gain theircoopsretiõn. tn pro-
viding' modern lrnage-quality. data to. lhe pho-
tararnmetric comrnuni t. 

EIíforts nave further ben m8de in retent geors 
to establish. a formal 1iaisofl to' those Tachnic& 
.Commi ttees of Lhe 1 hlerna.tlon& Organizoti on 
for StatidardiaLian (ISO) dealrng with. areas aí 
lnterest to photo.grammetrsts, iiom .cly .  Phbto-
graph TC 42) and Optios and Optical Instru-
mente (TC 172): a formal lialsori wes estab 
l.i.shed to the formar tut not the .letter. In tha 
case 01 TC. 42 t wasp.i]seible to provjde:newer 
lens trausmtssl ou data thn tt)Ose .glven.. ín a  ren-
cently.  posed. standard on aerial fulrn..speed- (ã 
sornewhat embarrassiig situation whcb ISPRS - 1 
hüuld help to prevent in future, arose4. In tbe 

case of TC 172 il would have been possible to 
have plwto,qrarnmetric: concern be Laken mto 
conshleration had an aclive .p,rtIcipUon in Lhe 
devei opment aí s tandards for lhe det'ermtiiati on 
ai: ap'thal ti risíer furictlans, lene d tarUn. and 
vailing ilare e'nsted. 

ISPP.S-l' also so* fit to ecc.ept ai Lhe. .1964 
congress a specííication. for aerial t1rvey pua-
tography heavily prcunoted by ana naionaI saci-
et.y to appareritly rneet ther needs. for en inter-
.iatlonal ly sarictioned dc.cumenl. The dev1 bp-
rnent OÍ thIs :speC:iíl:catiOn recelvei the support, 
o'í án ISPRS-1 worldng group. qowtàv8r 'techntc& 
suqge.stions nol rrieet'jng with theepproval  'aí Lhe 
spànsonng socety were in 'lhe 'end brushed aside 
in epite nÈ sound tchnical resoning in their 
spport. Au apprõval process s1m1lr to .that 
ueed by 150 wouid. have aured that Lhe dÔcu-
ment. ir possed, wooild. hav.e been a comprormse 
açcarnrnocJating r soriable technlcdl concerns oí 
other Lhan lhe sponsoring group(s). 

Thus íor Lhe discussion wos conc.erned with Lhe 
use af %h o) cameras and 'aeilal photograpby. 
Tua eVO11fibílitU ol spãce fragas wflh ' (ir1 
high resolution has led In certain survey admin-
Istrat1on t thei,r usé lnsteed W tht of cerial 
photographs Thls use primarily for updatlng 
purposes of rnaps at scales 1 in 50000 ar 
srnal1er, lias largely been, on an experimental 
base, and lhe wrlter'fs aware oí at;'least one 
cauntrg wh era the interided general use 'h.s now 
been 1 imi ted La non-.signi ficnt' arBas whtle :'ut 
lias been accídeil to use, agalnst carlier inten-
tians., asnal ph'otogrephs for the updati.ng aí 
criticar (e.g. built-up) arèas. However, there 

appears to be no ei íot -t Cõn the internatioflal 
leveI) to, develop recommended procedures ar 
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speõificationa fõr. Lhe. use of spce imeges for 
mapping. Should not 1$PRS take an iitiatie 
bere and 1edsuchan effort? 

eeing ablá to soe &so Pow other 1ernd socl-
etles de with the Issue af speciflcatlons, réc-
ommendations ar stiidrfis one must inquire 
boUtthe serlousness with which ISPRS asa 

whole Oursuas this Is sue. 1$. can be shown eg or 
the Prnpl Of the Internattônal IUu.minetion 
SOciety (CE), how sertous eífort In regrd to 
develDping and pssing st&dards cen be 
mounted..There Is no doutt tn the wríters opinlon 
thãt I:SPRS ShOulil 909ge into the de.véiopi ment 
nd passge aí standrds ar relted documents 

.onlyúnder the foliowing condlt1on 
ti) estbl1shimeht of a permenent 	ecretrW 

with the man1ete t .  o represent or.arrange íõr 
repeeenttn on behalf aí ISP.RS i  such 
etivites on a perminent base, te, Inde-

pend8ntoÍ theperiQclic changes In te JSPRS 
adrnini .trati.on. 

(2) estabflsh Jason tu diiferent standard büd-
ias dealing witi standards in technicVens:  
aí interest to ISPRS, 

(3) act1'elq participte M. t.tie áctivitips aí 
s.tndard-creaU ng agencies whsnever stan-
derds of intrest to ISPRS are bI.n devei- 

op ad, 
.(4) take: an oye if not leading role in the de-

vetopment aí specifications for the use ai 
noves data acquLsiti:on techniques for map-
pi'ng, and 

(5) provide a cert.an amount aí tunding in sup-. 
port 01 the davelopment and maintenance aí 
standars and.reoted.document$. 

Item(I) hasbeen.givenits dominant posUlpn ai-
so in fuii.wareness.of thB tact that attenipts to 
solicit input.. from .the member societts of 
ISPRS thrQugh the Commissioh 1 National Corre-
spondents bg mau hova itt recent years been 
rather Unsuccéssiul. 

CONCLUSI ON 

The foregoíng rernarks will be expanded rnto o 
properly rererenced paper tu be subrnitted to the 
SPRS. Murnal aí Phologrammetr9 and Rernote 
Snsinq, wtch w! 11. also present tua. the curt-ent 
situation in regard to the stonderdiztion activ-
Mos oÍ tnterest tu ISPRS in ornatiofls süCIi 
s the ISD; it will further be ottempted tu de-

termine the extent af the development of speri-
flcations for mapping using imoges aí Lhe aarth 
acqwred lromspace vahiclas; 
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IMACE PERCE1'ITON ASPECTS OF AERIAL IMAGE .QÜALITY 

Anders BÕbeig. MSc 
Senior Ledurer, Depaiinent. ofPhotográmmetry 

Rõyal Institute of Technology, Stockh01n, Sweden. 
ISPRS Córnmission 1 

ABSTRACr 

A .  literature siu'vcy aí the subject visual perception is presen tcd as à basis forcontlnued 
research in the field of aerial iniage quahty assessment Human ànd computer vislon are 
compared, especially with referente to stereoscopic vislon Physical properues aí au unage, Lhe 
:re$olutiOn capability .of Lhe eye and interpretation quality pararneters 'are dllscussed. 

I(EY WORDS Visual Perception. Stere~opic Vision, Computer Vision, interpretability, 
Fmage'Quality 

1. 'TASKS OF VISUAL PEREPTION 

Perception comprises reception and extraction of 
.Information ou. Lhe environment. Visual 
perceptlon is per(ormed either direçty ar 
indirèctly. Indirect "vis-  uái perception meáns 
perceptlõn aí a. scene via one or severál imagei àf 
it. Bul simullaneously, Lhe picture is perceived 
dirçtIy. Thus. a twoLdimensióttal image.õf ftree-
dunensional objects may gLe a duahstic spatial 
répresettatkin. Image interpretation can be 
described as "a dynamic search for Lhe best 
interprtation of available data (Gregory 1972 
pio) 11 is a continuons interaciton between 
inforrnation (iam the image and tnformation 
Storéd ixiirbràtú; 

Maziis con.frontédwith and intcracts withhis 
environment more via irrtages than via letters and 
words. Visual perception hás twa essential tasks in 
the interaction betweeri mau and hts/her 
envlronment lo recogmze objecta and to help to 
orien talo ôriee1f lii the envirõnrnènt. 

The first task,to recogniz.e, means thá new 
visually perceived rnformation is compared with 
stord knowledge: This requires a'coding of'lhe. 
visual informafion 'to, the,'same mental 
representaUon as estéd..knowledge. The 
second task, lo help lo orientate,, concerus 
judgemen f of spatial relations 111 a posslbly 
unknown environment. It.  Is yet more com plex. 

According to a cognitive aLtitude, man is active 
and constructive Fie handies Information in 
relaUon tu a contextiiáiSystem, whtch représents 
bis knoedgt of'Lhe:'envirói'ènt. Perception is 
thus not áassF1tegisfrátiónofinc"mingsignà1s 
but"lit»i'ádáptatiõn óf.the:visual:prõcess 

Important questions ló put is 
-What is happenmg when we see an object ar an 
image :of.lt?: 	' 

-How is what we sée represented in our. brain? 
-Whlch influence canwe:expect front the quality 
of the izuage vlewedand. from Lhe viewing. 
cqrtdiÉions? 

2. HUMAN AND COMPUTER V.ISION 

Humanviskm is a very. complicated proess.One 
of lhe reasonsto:fry' tõ understand itbetteriithe 
wish to imta.e it.. ia Lhe form of computer vision. 
Ou lhe other hand, experlences of computer viskn 
has In 'íaçt widened. lhe underslanding of.human 

Eyes act like scanning devkes, 'but Ina more 
'randõirt wày. The 'sntall saccâdic movëments 
'appear to be dependeni upon Lhe importançe 'o! 
Lhe Image details The eyes tend to fl?cate longer on 
patterns that are beingsearched for (Bedwell 1971) 
The searc.h pattern and the choice of fixation 
points depend upon .the purpose of'examiníng the 
image ((YMug 1971). 

Tlté human eye contains sõme. 200 nililions o 
photo. receptors, each around :a mjcrÕn luz 
diameler. The visual impression received by thern 
is' transmitted (ram Lhe eye to the bain.'by some 
one mLllion visual nerves. li 1 ObviOUs,tha.t Lhe 
primary stimuus, in lhe for-m,ofa'gry.leyêI., 
image, can't be transferzed to Lhe briiit wlthõut 
some form of preprocessing.or .compres8ion. Most 
probably, vzsion reqwres several processes to be 
appliedln modular .pãrallelforzn. Al,least two
main stepa may be discerned (See figure 1) 
i).Light interisity is cd1.pefrquency. 
2) Properties o! Lhe tdhnnsíona1..Jm.agefiel4, 
are coded luto resp.pnses 
'detectors luz lhe retina andin the corte*. 

Moreover, before a concio.isnes d the 
environment Is realize d, the visual infarmatión 
must betransferred to au experienie óf Lhé three- 
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dirnensionat outer wórld using previous 
experiénce. 

.4 - 
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Figure. 1. Am- outine of the hüman zisua! system (Afler Orhaug 1971) 
Even .between -  lhe photo: receptors aítd Lhe visüàl 
nervea fiftation ofthe signals is perfõrzted, 
Ieadfrtg tOan amplificatiónof the spatlál 

	

varia tions in 11gb t- intensity 	m a for of edge 
enhancentent. Thus, a light spót hiuing some 
nerve celis of Lhe retina. will either enhance or 
hamper thesina1 fró djàcent nerve celis iii a 
srnall recepUve field (See figure 2). This ftmctiõn is 
rather similar to:théphotograph1 edgé-effeçt or 
Eberharçl effecL 

1 
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Figure .2. Túp õf retinal receptivo fields 
(Afler Orh4ug i97.) 

In. compuLer isbn, this effe t has-  beeflnidelled 
bya digital cqnvolution filter, consistlng of a 
LapIae-derivátionof:a Gauss4unçUon. The 
Laplacderivation Às- -a rota tion-invariant second 
dérivation ransfõrmíng Lhe Gauss411nction:into a 
shape somewhat lIke !Mexlcan hat, turned.right 
sideuporupsidé down. TheresuItingero-
.crbssings itt theform ôf abinary image maLTix may 
ac( as eiitrançe data for other processing 
algorithms, e.g. kr steieÕscopic 'com-  piutér 'vision.  

In order .to ret intensity changes of different 
frequeiicy, sévrá1 filtéi -s ofdifferent sizes, ie. with 
bandpass-tharacteristic, will have to be combited. 
Large filters will enhance slow or contlnuous 
•huen5lty chá rtges, sntafl filters fine.details. Sharp 
edges will be enitanced by ali filters. 

It has been shown, that zero-crosslngs infiltered 
images contam niuch information. In iact, iinage 
matnces, consistmg of zero-crossings in different 
scales, were enough to reconstruct an origmal 
image wtthout loss ofmformabon (Poggio 1987) 
fxtspite of.", Lhe role o! 	-crosslngsshould 
rtot be over-estiinated. They até merely possible 
candidates for an optirnal coding system. Generaily 
.høwever, comparisons between biológical and 
computational visual systems shõw• 
correspondence in that citanges f lntensity at 
different scates play an important role iii 
stereoscopic visiort and In other visual processes. 

3. ]MACE RÈPRESENTATIÕN AND 
RECOGNFrlON 

Cognition means apprehension, understanding or 
knõwledge. According to a cõgnitive system 
n'iodel, Lhe brain functions like severa] memõries, 
interacUng with each other, very muçh like itt a 
cõmputer (See figure 3). To a.primary memõry (a 
"CPU") two types  of secondary memories are 
connected a declarative meniorycontaining, fact, 
memories and rules and a procedural mernory 
contairiing activities and. bogic. Informátion is 
regarded as bemg stored hierarchacalty in these 
memories, to avoid over-loading The pnmary 
memory, 	ch1as 1I0têd capaçfty, cornains 
infõrmation .of current interest and relevance, 
including directly perceived informa tion, visions 
and thoughts. There, problénis áre solved and 
conclusions are drawn. 

- 

	 ROUCCtá

tores 

 
Merrtory 	1.. 

i-'erforms 	 1 Matches - - Proc&iural memory 
4Èxecutes 

Figure 3 A cognitwe model of lhe functwn of Lhe 
brain (Backman & Ek!und 1988) 

The question of information representation in Lhe 
braln has been stud.led. iii many ways Briefly, 
spatial (visual) itformation is .mostiy .regarded as 
being r presertted analoguely, wh1e verbal. 
infoma1ion (language) is represented logicaliy. 

Spatial information is regarded as being 
represented via a limited. number of basic 
géometric élements,. like cylinders,. cubes and 
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cones. Tõgelher with atibiuestó these, like .sIze, 
.sytnméfry, edge type an- d ' a2~.Já. .curvature,.théy are 
called geons. (geomeicáJ lions,see figure 4). It is 
considered that 36 geons are enough to uruquely 

pos describe ali 	sible 	 m geometncal forms (Backan 
& Eklund J988). 

Figure 4. Example ofanalysis af an object by its 
geons(Backman & Mund. 1988) 

Thehuxnan. ability to imagine absent õbjects is 
called mental iniagerv. Mental:ixnages may be 
rotated..as If théy were pliysícally solid Thus, they 
have three-dmensionaI prrperLies. Mõreover, 
theymay.be:enlarged:tõ examine detafls, like on a. 
mentai..prójechõn screen. They Uierefore play  an 
important role in recognition aí features 

Mental imagery ha three hnportánt fiiicUónal 
propertiés 	. 	

... 

.i). It contribules to.problem-solving and .creativity 
2)11 improves our memnory A viaual image 
requires smal]er "inemory . spac&than a verbal 
one and is inove associative 
3) It can direct motor activilies, .like.handllng .a 
photõgrammetric instrument 

AU.- these ftinctionaiudicafe. that mental imagery -is 
aÍ great importanceforimnage interpretatim and 
photogrammetri.mapp1ng 

When.visuaUy perceíving an.object ar an image1  
edges.AndrsiÀrfacéa:are1ocaLized by visual 
segintatIon.interegióxis. Simtiltaneõusly, só 
called nonaccidental properties, like colineanty, 
curvilinearit aid symmetry, are perceivd. In a 
two-dinesiónal:iniage:.'fleyr 'are.rgarded as true 
reflecticins.:.of thc thrée-dimensionaJ: environment. 
These. reios andproperLies t áre :matched..against. 
existing objecrepresentations (geons) .in the 
declarátiveinemory ...What. we;seé isan 
interpretation of the eternal world; 

A.íeature .of his.process is a preference for 
inforrnatlon tat verifica .existing hypotheses ar 
expectations. Thismean ti -mI perception isbiased. 
Certain channels between cortex and retina are 
acuvated, while ather routes are blocked (de Haas 
et ai 1966) On the dthér hand, provisional 
ver ficatiõns are áíticallytested by new 
obervaiions. In.this way, lhe initial bbs. niay be 
gradúafly. and iteratively reduced, ás. lhe probabiity 
of lhe expectation is raised to certamty. Iii this 
process. propty.représentaUons are more 
important Lhn comrisons with mental 
prototypes (Orhaug 1971). 

Recognition of forma and. objecta iS: governe4 by..à 
set of fõur rules (Orhaug 
1) The minimum surface...Iaw makes the.smaflest 
surfaces mosI easily interpreLed as figures 
2)The.proximily law groups tgether iinage details 
cRise te another 
3) The law aí clásure make surfaces. with dosec 
contours Into figures 
4) The law.of thé gõod curve prefei :formsor... 
patterns consis.Ungof sitiooth irvês õi1it 
jines. 

These rules may even contra1ieachother Such 
and olhar types õfàbiiitiesdéictonthe 
observer% experiences... ijcj .ar. 
Therefõre no dëár ,  z'eiaUónlúp.  
between .  percetian. . .. is a 
fundamental difficulty in computer vision 

4. sTEREOSCOPICVISION À!EDJGITAL 
MATCHING 	

. 	 •-.:.. ......... 

Stereoscopic depth perception is a good .  exampleof. 
an  appbcauon õf visual pre-processrng When the 
eyes converge shghtly, conjugate Irnage detatis fali 
upomi each Fovea Centrahs, wtK image pomts 
fallnig aI slightly differeni relative positions  
each eye flus binocular disparity is transformed 
mIo depth perception Four sieps can bediscerned 
(Poggio 1987): ...... . 	; :.- ......:.:..:. 

1) The fovea musI oncentrate atua:- .glven spÔt 
2) The sarne spot must be found by the olher êye 
3) The posidóxi 
foveas rnust be determined 
4) From lhe location difference between lhe pornts, 
thedepth isdeLërHld 

The dérivailóri aí thdiió1cptiõiis 
basëd not only.on stereoscopic.dépth 	ceptiõn, 
but also on iliumination and shdows, visual 
texturé. movéménts, 

The coordinatiõn . f an..imnage p 
dependent cm complete â'  &Ity. of lntensity of 
the pomts neilher on recogmzed forms or objecis 
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Figure S. A random-dot stereog1am (Poggio 1987) 

This can be demonstrated by so-called randorn-dot 
streorants (See figure 5),which ate easlly 
perceivèd stereoscoplcallyalthough fhey dont 
show any recognizeable forms or.patterns. 
Apparently, Lhe human vision can quickly match 
the random-doL patterns. 

Ari inieresting question Is, how fine a pattern ar 
texture can sul give: a. stereoscopic impression? 
Randomi-doL stereograms may be presented 
dlgltálly as a rapid succession of points on Lwo 
osdiloscopes, like Lhe snow on a TV (Ross 
1976?). :Via a computer the stereoscopic shift 
between point pairs is determined. The 
stereoscopjc effect was found to. be matntained at 
au apparerttly unllmited rateof pointdisp]ay. 
Moreover, Lhe point texture is integrated into a 
véry definite, even ldeaIizd forni percepUpn alsõ 
in depth. This remains also whén the disparity is 
continuously changed. Àpparently, binocular 
perceptiónis influenced by some form of visual 
inernory, determining Lhe framework for 
perçeption. 

Although form perceptionis not neçessary for 
maintaining stereoscopic visjon, certain properties 
of the imaged or:  viewed physical surface are of 
importartce for the posblbrhties [o obtain it (Poggo 
1987): 
1) A.giv point on a. .physlca[ .suuface should only 
have one, three-dimensional position 
(Unam.igulty crfterion) 
2) ?hysical .objeçts: are conuinuous and normally 
nõn-transparent (Continuity criterion). 

The unaxnbiguity criterion means, that each p~ 
pair will create only arte binoculardisparity. The 
continuity criterion implies, that the dlsparity 
changescontinuously along a surfàce,abruptly 
only at lhe surface borders. 

These surface properties, may constitute a basis for 
a more formalized description õf image properties, 
asa base fora betterunderstandingcf theprocess 
aí visiôn,ór.for a formulationof digital operators 
in computes vision .oi digital rnatdiing The grey-
levei inage at the photo-receptors may be regarded 

as transformed into a representation, from whkh 
the brightness gradients' position, direction, 
extension and size can be derived. From [bis 
representation, the stereoscopic functlon of the 
brain can solve the problem of coordinatiõn and of 
reconstruction õí the threedimensional 
.irnpression. The unambiguity criterion impiles, 
that possible conjugate adjacent irnage .details 
along Lhe lime of sight should hamper each other, 
while Lhe continuity criterion implies, that 
adjacent points on the surface should ampllfy each 
other. Fitering and stereoscopic matchirtg can be 
.lterated, starting from the çoarsest zero-crossing 
filter Ilte method £unctiõns also when one of the 
images is unsharp, which is another paraliel to 
hunian stereoscopic vision. 

Accordingto Lhe author's experience. .stexeoscopic 
fusion of irnage. pairs is initially au active process, 
requiring.image forms.or detaUs aí sufficient .size 
and .contrast. As scan asonè imagé detail pair is 
inatched, however, stereoscopic: vision Is 
rnaintained "automatically', even without Lhe 
normal linkagé .between cônvergence ánd 
accomodation,. guiding direct stereoscopic visicin of 
objects. This isevident when ftying [o (use a 
stereoscopic image pair withou[the helpofa 
stereoscope. 

Stereoscopic viSfonacuity can be asmuchas30 
Limes higher than monocular visual açuity. This is 
easy.to verify by looking "stereoscopically" attwo 
identical images. The reason appearsto be th.at  
stereoscopic perception is a cortical function; 
(Bedwell 1971). tJsing a. tluee-bar .stereoscopic Lest, 
a stereoscopic acuity of approxiniately 6" was. 
found to be.an  a.verage for pho[ogrammetric work, 
while the ma,dntaL visual aeufty permits the 
sepàratión .of detail to ' j: a iiormal subJect. 

Experience of depth effed is regardedas partly 
innate ari, .although fuli b inocular vision is rtot 
.developed aL birth. Within lirni[s Lhe ability can be 
Iearned and improvements can be obtafned wlth 
practice, provlded thebasic visual- ability is there. 

14 



have been reduced to 10 lux at lhe éxitpupil 
(l3edwell 1971). This shoul4 bé compared tu. 
recommended iflurninance for reading, 1000-1500 
lux, and to normal óutdoor illuminance,10 000. lux 
(Ejhed 1990). 

The resolution aí the eye can be studied by 
different methods (See figure 6). The spatial 
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Figure 6.. ilzç :  T5OU.tiO1Z of Lhe. eye; studied by 
three different mefhods: 
a) Point spread. functions 
b) Separabolzty of two poont sources at dofferent 
illurnination leveis 
e) A transfer funclion, based on sensilivity to 
sinusoidal une patterns 

S. IMACE AND INSTRUMENTAL FEATURES 

M image may be regarded as a transfer ia time 
and space af some of lhe properUes, of.the scene 
The .quality of the imàge therefore determines 'the 
qtzality, of próperty transfer. linage quãlity rnay 
however nót eàily be unambiguously determined. 
Itis dependent on the intended use of the Image. 
Also, high quaIiy as regards one property (e. 
contrast) may be combiried wi± low quality ia 
another (e.g. sharpness); 

Three of the.most important physical properties of 
an image are its contrast, lis sharpness and lis 
nose 

Image cõntrast is deflned by two parameters, the 
density rángé and lhe number of discernibie steps 
ia it. Physical measures aí contrast have to be 
correlated to subjectively experienced. contrast. 

Contrasts ia Lhe form oí.edges and contours play a 
very lmportant role ia irnage interpretahon This 
is obvious from thefact, that ff  refinal image is 
brõught .tà be stationary, it will disappear àfter a 
few:seconds. The eyé movements ensure, that thê 
receptors conttnuously receive signal intensity 
changes, and thus doi t cease sendtng signais to 
thein.. The minirnal density differêrtce :that can 
bereadily, perceived rnay in practice vary from tM) 
0,01 to 0,05, depending on fLhn and viewer 
(Graham & Read 198). 

Image sharpness has a definite influence upon the 
experienced information content of the irnage. 
Seen froma point  ofview .of pure information 
theory, howéver. the information con LeaL is. 
unchangedi.províded.the image is noise4ree. 
Unsharpimages.may Ló açertaindegree 1,e 
restored. 

Image, grain noise. redtices the. ntimbei of 
discernible densaty steps and sets an accuracy hmit 
for Lhe determination of scene properties frõm lhe 
image Perception of unage grauuness s measured 
as..granularity., The information theoreticai concept 
of Signai to Noise ratio (SIN)  may be expressed as 
lhe relation between contrast and granularity in 
images. 

Ltght, modulated .by lhe scene ar by au  image af ii, 
i$ inforn'tation carrier lhe e eyes. As Lhe 
resolütiónõf Lhe rêtinal ixrtage is dependent 
inainly, on theptipildianteter and lhe imaging 
errara of tbe lena, it is dependentuponincOmiflg 
light intensity. A bright ilhi ration ia 
photogrammetnc mstruments is therefore of great 
importance 1-Iowever, instrumenta normally give 
very low leveis of light An illúniinance of 4000 
lux over lhe photographic plate was reported to 
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dlstribution .oflight at,the:.retlna front a:pQh* 
source.at different pupilsizesshows afortn.of 
point spread .functions. As expected, the largesl 
pupil size devlatesmostfrom a dlffraction4imlted 
optical system. Separability of two polnt sources at 
dlfferent iliumination Ievéls gives:' a relation 
between resolution and .illurninatión ai daylight 
adaptation. Finaily, .t!e:sen5itivty  to. sinusoidal 
Une patterns of different frequancies gives a 
transfer function for lhe .eye. This transfer funclion 
has a maximum at a frequency of 5 lime pairs per 
degree, which corresponds to. a linear resolution of. 
1 lp/mm a reading distance or 101p/mui,viewed 
under 8x magnifkation. In this respect, the eye 
clearly differsfrom an óptical system. 

Ali thesemethods (the last ai 50% transfer) .point. 
ai a.resolution capability.of the eye of lhe 
magnitude of 3 minutes of are,  

The eye's ability to.perceive contrast isa higbly 
subjècUve functiõn. Expetienced lilurnination Is 
approxirnately a logarfthinic funclion of physiçal 
iflumination. Adaptation of the eye vers in total 
a magnitude of 4-5 powers often. Acçording.to  
Weber's: law, this Is expressed by. 

DL = 0,02L. 
where L isbackground luminancéandL-i-OL is 
objeci lununance The linear range for percewing 
a luminance difference or cõntrast betwéen L and 
L+DLina certain backgroundluminance to is.  
however of a magnitucléof only.2 powers of tem. A 
forra ofvimal edge efféci has been described 
ábove. It is easiiy demonstrated by a step tabiet, and 
is also a reason for the form of the above-
mentiond transfér fumetion of the eye. ltappears 
tbat these non-linear effects occur.vezy early in the 
visual system. 

In a nurnber of experlinents,, physical quality 
pararnetérs of images have been varied,. and lhe 
restilt o(. interpretation tasks have been measured. 
Normal interpretation qualily parametew are 
(Blrnbaum. 1962, .Orbaug 1971): 
1) R riumber af correci interpretations (number 
of rights) 
2)M nwnber of érroneous iflterpretations 
(number of wrongs) 
3) O = number of oxnitted interpretations (number 
of Qmits). 

Note, that (R + W) iá the total úumber of 
pérforme4 interpretations, and that (R -'- O) is the 
total númber of possble .interpretations. 
From lhese, thé followingparameters may be 
derivéd: 
4 Ãccuraqr A = R 1 (R+W 
5) CompIeténes C—R/(R +0) 
.6) Effidency E =.A .x C. 

Here, Interpretation .means either detection, 
identificatiõn or classification à óbjects in irnages. 

-Efuldency of identification-  I$ logarithinkãlly 
related to image resolution in (minutes of arc) 4. At 
a resolution of 0,3(mlnutes: of arc) -1  or 3 md ules..of 
arc, the improvemént In êfflciency décieases. Cf. 
the value for eye.resõlutionabov&Apparèntly, 
image resoltitiõn shõnidbe diosen wlth :respct to 
êye resolution - and to the interpretation 
equipmeflt. 

-Image resolution wasnot found to correlate with 
accuracy, but highiy and Iogarithinically wlth 
completeness of detection as well as with 
completeness of identification. 

4nterpretàtabiity (Completeness?) is linear!y 
reláted to lhe number of image dènsit'. leveis up to 
a saturationlevél of arcund 8 leveis 

-U lhe information content oftbe image, defined 
as a product af lhe number of densaty leveis and 
the number of resolution elements, is kept 
consLant, optimal probabhty of identification will 
be reached 'by increaslng lhe density léveis. 

-In qualliy dégrádedimages, physicàlirnag 4uality 
*as measured as lhe área betwéèi a MTP curve' 
and a visual TM curve ártd kelMed - to subjective 
image quahty, measured via choice of best image 
Good correlation (0,88) was experienced. 

6. CONCLUSION 

Understandingof hümanimagê perception Is of 
greal importance nõt tnly for development õf 
imagé Interpretation ,:methÓds. and for 
liwestigationof lhe basis for image .qúality 
assessment, butalso for development of melhoda 
for computer vision an 4  digital Image matching. 
Computer vísion and hurnan vision are very 
much interrelated: and can Jearn a gieat deal from 
eahother.ln both cases,. the amountõf 
:infortriUion extractable is limited by, theIrnage 
quality, which has tobe assessed in a relevant way. 
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.ABSTRACT 

In the course of'the secúnd German Spacelab mission D2, which is schedulecL for Iaiineh ia éarly 1992, the 
MOMS 02 carilera is lntLnded to aquire digital threefold stereo imageiy of the carth s trin spac 
Etnsive mulatton were performed m arder to examine the influence of the number and dhtnbutlon 
of ground ontrol point, the distance berween the soaBed orientation images, v4riou iirangeineiit af tlU 
thret sensor Iins in tbe focJ plane of the camera e\tc and tbe preciston of observed 	LJOr 01 li X1tUO[1 
paarne'ter On the re.ulting açeutacyof Foint  determination. .Furtlier investigàtiorks svete caifieçi ou :00 ui0g' 
a.givei1Dgita1 Terraür Model as contrai. informatin. The simulations ate baed on a bnd1e lia iieb 
modified for ,the prace.ssing Õf three-lirie imagery. 

Tlie paper in hand briefly riescribes the rnathematical model use,d for lhe. cmpu.tatiofls. The .project 
parameters of the 5iinulanonsare outlined and tlie inam resutts are gien based ou th.. thLortIca1 .tiiidaid 
deviations d the object point coordinates Frnally some- conC]usions ar& drawj-i Lrom thi. rL1Ilt -  ol iht. LUd) 

KEY WORDS: .MOMS-021D2, Three-Line Irnagery,. úombíned, Point Deterrninatin, Sinuda , 1jorí Study, 

1. INT1oDucrrÔN 

MOMS-0202. is an experimental project 'for digital 
máping: &om space, whih is. funded by the 
German Ministxy for Science and Technology 
(BMVI). In the course of the secqnd German 
Spacelab. inission P2, •which is scheduled for 
jaunçh in early 1992, the MOMS-02 camera is 
inteiided to . acquirá digftal imery of the arth' 
surface, (Ackerrnwim et ai., 1989). 
The special ciiaracteristic of theMOMS-02 caniera. 
is the combination õfhigh. resblutionpanchromatic 
images for three-dimensional geometric rnfor-
mation with multispectral images for t1ematic 

inforniation. lii ordr ,  o rneet th. req ti . ir.cinentá n'E 
the different useis,  a modular o,tíeal cdncept 
hased ou a system witil 5 leiises was rhoien. The 
multispectral data acquisition will be performedby 
2lenses whichallow for recorc!ing af a limt!Iu 
of 4 s.pectra] channels. The sterep Module basiçiilly 
consists õf 3 lenses wit.h otie CCDiine- sensor 
each, which provide.aforward, a.downwrd and a 
backward looking viw. The central lens enabkts 
high quality nnage r&cordn]gs ith a ground pixel 
reso]ution of about 5 rnFrorn tire pho!ograrn -
metric pomt of vicio the aims af the mission are 
mainly the prodtiction af high c inHtr mj,s, lhe 
acuisitión àf diaital data for gecigriiphi lata 
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bases and informatjon:systems and the generation 
otDígital Terrain Modeis (DTM) with.an  accuracy 
of :5  m or better. Moréover, the cõncept fõr 
cómpletely digital phbtogramxiietric data acquisiti-
rn and evaluation sháll be developed, realized .at 
n experimental, levei and tested. 

Sirnulations based on tlie M0M5-02 camera 
specificatonsand tho, D2 rnissionparaneters were 
perfõrmed in order to obtain a survey of the 
attainable geomtric accurac and to give recpm 
iieaions in the planning phase of the project 
eoncerning additina1 measúrements during Lhe 
missiOn and the technical design of the camera 
The :siinulation study was. ordered by the BMFT 
Lindei: cotract No. 01 QS 8$17 0. affd ihe sjrnula-
!ions were performed at the German aerospace 
companyMessersçhinitt-Blkow-I3lohm GmbH and 
the Chair fr Photoammetry of the Technical 
.University of Munlch. 

la this paper the. principie of phozogramneic 
pbint determinatton using digital data ofthree-line 
scanner ystems shortly reviewed. Tben Uie 
smulatipn parameters. are described and important 
resulis of 111C study and of addítional sirrnilations, 
perfrmed by tbe Chair for Photogrammetiy, are 
given. Phallythe results Ce. ,discussed--afi -d cÕnciu-
sions, are drawn from the study. 

2. P1OTOGRA%4METI .IC FOI NT 
DFTERM1NATION USINO THREE-LINE 

[MAGERY 

The rua thematical model for point determinatiøn 
usirig thrce.iine irnagery is based mi the concept 
proposed by 'Hàfmaiin ei aL, 182). A detailed 
description of lhe model min be found e.g. in 
(Ebner and Müller, 1986), (Hofinann 1986 and 
(FJfnzann a,zdMülle#j 188). For reasons of'clarity 
the basic prrnqple will be shortiy reviewed 

A three-Iine .opto-eiectronic scanner system con 
sists of three linear CCD-sensors, whioh are: 
.arranged perpendicular to the diretion of flight in 
the focal plane(s) ôf mie ár more Iensës, During 
Lhe flight the seasors. are continuously scanning thç 
-terrain and the data are read out with a constam 
frequency. This dynamlc inode of imae recording. 
results in a large number of successive images 
each consisting ot three limes (fig. 1). 

Fíg. 1: !tnage recordi'ig üsing a z/ir''1i.'ic .vcai:et 

Por tbe photbgrainmetric eviiluation of [hese data 
cmijugate• points have to bc detcrmined. This task 
will preferably. be accomplished ar nt lnst sup-
ported by digital image ma1hing techfliques 
(Heike ei ai., 199O.. Mie.. sirnultaneous determina-
tion of objeci poinis. -and recõnstructiõn aí the 
exterior orientatión of lhe tbre:line lmageiy is 
based ou the prinipk of bundie adjusimeni T1e. 
exterior orientatkin, liowever, is calcuínte.d only for 
so-calied orientation images, which are tmØ.uced 
at cerrain tirneintervalls x1 hetwcen iht parame-. 
zers of every.iniage are expressed as functions (eg, 
linear interpolation funçtion) af the parameters aí 
the .neighbouring orientation. irnages. 

3. SIMtJLATION STÜDY 

3.1 Siniulatiou param.eters. 

The simulationS are based on sytcm pirameters 
whtah fitto a :large extent Lhe specifiçatibns of lhe 
MOMS-02 camera and the flight .paraiueters aí 
Lhe míssion. 

The fol1cwing, camera and fligtit parnnitters are 
assumed (see fig. 2). 

- calibtated focal Iength: 	f - 650 mm 
- convergence. angle: - 27.19.331  grad 
- distance aí 2 sensar lines: & = 300.418 mm 
- ground plxl resõlution: 5 * 5 m2  
- f]ying height above ground: 1-1 = 334 km- 

base length: B = .152 km 
strip width: W= 36 1cm 

- strip length L. = 606 1cm 
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Unhke the stereo module õf the MOMS-02 carne 
ra, which conSists of three lenses with one sensor 
une e.ach, a one-lens camera is used in Lhe simula- 
tions. 

A straight fõrward flight path is assumed with the 
àttítude parameters õf the carnera being constant 
ànd equal Lo O grad. 

b 

focal plane 

dircctío cf flight 

,, y 

Ii 

íi  

or .orienlation pararneters has'e to be cãnsidered in 
the evaluatiõn process. 

Ia order to. obtain estimatiõns Of the achievable 
accuracy, the simulatians are performed with varia-
bie parameters, whch are decribed ia the fillci-
wing. 

a) Àrrangcrnertt of thc sensor lines ia the: focal 
plane: 

parailel sensor Unes 
colwergent sensor fines (a w 14 gr-,d) 

Because. preceding theoretkal cnsiderations 
(HoJ)nann 1986) pointed out, tht lhe geome-
lTíc accuracy aí poluI deter:nination using 
three-fine imagery çarn be iinproved, if the 
outer sensor lines are aol parailel to lhe ccii-
trai une (fig. 3), lhe influence c.if Lhe 
arrangement of lhe sensor liiies on the .rc-
si.ilting accuracy is invetiated. 

Fig. 2: Canzém wid fugiu paramelers of siw sírnula-
lion 

The foliowing regülar arrangernent of thc objCct 
points is used. 

distance aí points along flight diiection: 2 km. 
- dístance of polnts across ílfght direction: 9 krn 
- heiht o ali øbject points: 0. lu 

The total number af object points is 1520. They 
are arranged lii 5 chains it Lhe directlon of flight 
with 304 ponts each. The points at tbe beginning 
and the end of the strip are projected into Iwo 
images only, whereas every point at tie central 
part of the strip, Le. every point that is at a 
distance of more tlian ane baselength froni the 
beginning and the ertd of the strip, is projected 
ititõ three images.. 

The object coordinate system is dêflned. as a right 
handed cartesian system XY7 1  wifh the positi ,e 
direction õf the X-áxis parnilel to the direction õf 
.flight. 

A peculiarity of Lhe MQMS-02 .coníiguration is lhe 
extrernely small image angle, wh.ich results in .an 
uiavowableratio between tbe strip width and the 
:flyinghelght of approximately 1:9. For point deter-
mination using three-line imageiy principally no 
external information is nëcessary for rigorous 
object reconstruction The above mentioned 
cánfIgiration1  however, leads to rather poor 
açcuracy. Çonsequentiy, observationsof the exteri- 

Eig. 3: A iw gcmw1 of i/ senso- Ené3 bê lhe 
foral plana 

b) Distances between the &jentatianiiae. 
* 8.11 km (aprax.1 sec.. flight.tiiiie) 1  
* 15.60 krn approx. 2 sec, fligItt.tfnIé), 

28.95 km approx. 4 sec. flihtie). 
Whep navigatÍo.n data ar orbit modeis af the 
D2 niissiõn are aVailthle,th temporal posiiion 
and altitude variat1on5. õf the s .hutilé have to 
be analysed Thetcfron a time intrva1 lias ia 
be derived on coriditiõn, Ibui dudng tliis irter-
valI the camera orfentatiçm pnralfleters are 
optimally approxirnaled by Lhe: in.terpolation 
function, vhich is- dçfined.iU tht :iijirtheinaliçal 
rnodel. Bêcause up to viow prztcticai data are 
not yet awtilab]e, the valtie gi'vtn 	óve.  ib..are 
used. The range Lhe>' caves is cxpeted 4di.  be  
rea]istic for the flhissiofl, In the sirtiulatloiis a 
iinear interpplator ftinition: bn ihe 
oriciltation images is assurned.' 

e) Observations aí tbe orintation paranieterso! 
lhe images 	 ........ 	. . 
* no camera orientation data availahle, 
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standard deviations of positión parameters: 
error-free, 2, 5, 10, 25. ai, 
standard devations of .attítue  parauieters:. 
rror-free, 1, Z 5, 10 nigrad. 

Ia connection with M.OMS-02 .imagry, informa-
tion :about  'th'e pararnetekg af the extrior 
orientatiôn is o! special interest. it wili prõbably 
be derived from crn-board navigation 'systems, 
froin tracking' data recorded during the. space 
missionand1 from orbit..models. The'fun,ctional 
and stocliastic modeis for tying these data in 'a 
combined adjustrnent .have to be "definód when 
the 'data are at hand. The simulalions 'arê .per-
fõrrned with 'the simpijfiec] assumption that 
camera orienta tion data are given as o.bser -
vations for' positkrn and altitude o  eve!y 
or•ie•nation in?ge. The data are treated as 
baing uiicorrelated;assuming various leveis of 
precisiÕi). 

cl) N'imber".'ofgrund contrai paints: 
'4 XYZ 'control points 

(distance between contrõl paints: 302 km), 
IP XYZ controfpoinís- 
(dist

,
ance between contrai points. 75 krn),, 

* 18 XYZ control points 
(distance between control p'oints: 40 km). 

"34 XYI control pçints' 
'(dist'ance' betveen 'õbntrol 'points:' 20 km). 

The contrai 'poínts are arranged ai' the' three-
•fõld. covered area of thó strip. Their coitdinate's 
are treated as errror-free. Different numbers of 
'available ground 'contrai poilnts are assumed 
and, ,the effect. on the accuracy bf põint deter-
:minatiori is iuieatigated. 

e) DTM as control information: 
. no DTM information availabie, 
* standard deviation of DTM: 

.
'20, 50, 100 rn. 

Additionally to. ar instead of contrai points a 
giyen. DTM can be: used lu. ihe .adjustment as 
.:general .ground.,,contr.oi information. This nfor-
mation 'rnigbt originate e.g. 'from a. height data 
base: ar from digitized, contours of. existing: 
maps. The mathematiçai model for using' DTM 
information iii a bundie block adjustment lias 
been descibed in ('Ebner and Stiwzz, 1988). Ia 
.lhe simulations. different, height.'precision. LeveiS 
of'the.DTM:, are: á9sumed. 

3.2 EstimatLon..of the theoretical accuracy 

Basad on the described simulation mõdel the  

;image' coordinâtes of ali 95jcct point are.'genera-
ted.'Then ieast-squares .a'djustr ents'are perf9rmed 
.aécôrding to the genc.ralized model af búndie 
adjustment for three-Iine mi agery. 
The th'eoretical accuracy of Lhe estimated 
parameters'is. described 'by, their cova riance matdx, 
which is compõed of the cófactor 'matrix 'and the 
a posteriori eStimate of tht" reference variance 
(&2). The cofactor matrix of tlie piraItetels is 
obtained from the inversion af ilie normtit équa-
tion matrix, 'whereas the, est'imate. aí the..'reíerence 
variance cnn' be computed 'frim the observatioji 
residuais. and tile a priori we.iht ni.airix aU Lhe 
observ'aticms. Since the si iilatio,ns are' peiforrned 
with generated error-free obser.vatiotis, tlie a priori 
a 'is used 'inslead of . Thís Íneans ~ ibut' lhe 
accura'cy estiniates are valid for the a riori 
asumed' preciSian, pf thc obsirations. The a 
priori úé  is chosen. as equal 'Lo .the staiWard devizfr 
tions 'õf the linage 'coordinates. 

For alt. computatiafls. O,1 .tile sirnaiatitiri .sudy' 
standard deviaLion oU Lhe .iipnge coordinates uf 

= 5 zm are assurned. This. aceuraey aI the 
image coordinates, is niainiy' influ'enced 15y 'th'e 
prec.isio.n .of, th'e irnoge matching pro'çcss. and Lhe 
effec of.rernaining.intcrpolation errors. Taterpola- 
tion' errors: are due 't the. approxirna.LiOIT o,f 111C
real variations of the position and aLtitude para- 
meters by. an interp.oItion fi.ncton between 
ne.ighbour.ing brientation images. By adapting Lhe 
ditance betwen the okn(atioií. i'magcs to' 't1i. 
filght cl iracteristics these errors have to be kept 
small. 

3.3 Resutts 

For Lhe asseasment o'f'tho tl'ure,tkni 	uroeV oU 
a particular simulatioii version 'thd i'diiduai 
standard deviatiáns o, ô. of 'lhe Ç5tilliátéd 
object 'point. coordinates 'X 1, Y, Z are aiailysed. 
Because of"the iarge númber af sixnulnl'ions only 
t'he most' irnp,ortant results will lia' p.resenied lo this 
paper. 

First the theoreticai "accuracy limits for, lhe used 
configuration are given. These 'values,'are 'achie.ved, 
Etbe parameters'.of flue exterior oitntn,ton, af ali 
.iniages are treatd 'tis ertor-free õbservati,o,n ia,  
ttie adjustmeiit. This means .that..So1'eI 'the georii'e-
'tric consteilation of the itersectiôn of flie 'image 
ràys 'and the. precision, af 'lhe irnage coordinates 
define the accuracy'o,f Lhe point .deternuination. 
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lii fig. 4 the accuracy limits for the heights of the object points are shown. 

Fig.. 4: ThéorëiiiaIstandard devia dons o, assunzi,z erar-frée obsëzvaiiOns of (/i. exterior odanialion pari:me(ers 
(wGLirac' linzits), parailel seisor Unes 

The theoretical standard. deviati.ons.cS ohtained from sirnulation runs with parailel (fig. 5) and convergent 
é i 6) arrangement aí thesensor finos, ssum1ng a preusion oí position par-arneters of lO m md of ttaude 
prameters o! 5 mgrad are gven next. 

1 

E 

• ç 

• O D 

o 

Fig. 5: Theoretkai standard devia dons o , • siminç bserved otientalion paramctcrs' (slandarci. (Ie.vÚtions 
i0in/5rngrad), 4 growzd contrai poinis. distance bet)veen orienta!ibn  i,nage. 8 km; paralk'I seiisor ?cs 

-J 

E 

> 
a) 

Fig. 6: Theoreiical suindar4 deviations ora., assuming observei orienfation parameleis (standard deviatibas 
10m15mgrad), 4 ground contrõl points, distance iieiween oiien:ation irncrges:  8 km coin'ergeni sens&1ines 

Remark: In. the. figures .46 the. values ci af n each case. 3 sucressive poitits in thedirection of lhe X.-axis 
are averaged and lhe strip width is en1arg..d by a tactor of 10 compared lo the strip iength for 1arity 
reasons ofthegraphic representations. 
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[ri arder .to presentl the resuits of the different 
computation versíons in a compact t'õrrn the root 
mean square(rms) values juR , " gj of the théore-
ticai standard deviations of ali points, which are 
projected frito three• images, are calculated. Using 
these values, suinrnarized accuracy measures for 
the: respeçtive. simuIation version can be given. In 
t1e following figures these rms values are shown 
grphically. 

The following abbrevia.tíons are used iii the 
figures: 

- par., conv. 
paraliel. ..Or convergent .arrangernent of the 
sensor lines, 

- SkM, 16km, 29km: 
distances betWeen orientation images, 

-. effor-frec, 2nzfiingrad, ... 25in/1Ongrad:. 
standard deviations of observed orientation 
pararneters, 

- no obsm.: 
no obseryations for 111e orientatiõn parameters 
avai lable, 

- 4GCP. 10 GCP, 18 GCP, 34 GCP: 
ttumber. aí XYZ ground cóntrol points, 

- D77L1 20:n, DTM 50m4 DTM IOOn: 
standard deviations af lhe DTM used as contrai 
inforrnatLon. 

I3reaks in the graphic representations mean thpt 
[he respectivevalues. are not given true Ló scale. 

In lhe figures: 7a-7c the influeice aí different 
precisionleveis for the õbservations .of Lhe position 
and aLtitude parameters of the orieniation hnages 
on the resniting mis values , pç,. Mi. is shown. 

- - - 

4 

2O 

c' 

"7 

- 

Fig. 7b: Rins vahies ,ij of dzc iJ,eorctical siwvkird 
dèviaiions .., assuming 4 ground control poinis, 
distanceheiween ork'nuitiou !nages: 76 km, parailet 
sensor tines 

3 

c 

10.1 

do 

Fig. 7c: RnÚ values jti of xhc divrcicci( suízdard 
deviàiions gb., assurning 4 ground co,uroi pohzis, 
distance beiween orientation images: 16 km, parailel 
sensor li,zes 

E 

c 

e 

7. 

Fig.. 7a: Rrns• valües p õf :jhe £heoreticai seandard 
deviq&ms c. assuming 4 ground contrai poinis, 
ditance berweenorientazion images:16.km, parailel 
.seI2sÕr Unes 

In tlie figúres 810 only the rrns values jui are 
giyen 
The effect of different. ditancs beLween the 
orientation images (fig. 8) and .the iritluence o! the 
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•number of ground conttoJ pojnts (fig. 9) for 
parallei.and convrgeiit. arrangernent oí lhe sensor 
Enes are presented lo the next two figures 

ia fig. 10 the influence ef different goe .i.sion...Jovels.  
of a given DTM used as contraI information ou 
lhe resulting l'nu values pi..is shown. 

Fig. & IØzs .itdues Pí of :he lheotéticut .randgrd 
devia tions u, asswning 4 growzd contral poinis 

Fig. 9: ..R»s polues. . af. Lhe thëoreiical standard 
deviatwns gh , assum:ng dtstance between onenla-
doa images: 8km 

Fig 100:  ln.s values j; of íJie rhcoretirad siwidard 
devations 	..assuijIng 	ctmd .confro!. pobils 
dz.sta,içe btii'ea,L ogentatio'i inzagc.i 8 	paralld 
snscr lf'Res' 

4. ANALYSJ 

4i Theoretica1accujncy iio.t)jpints 

T1i followmg rrn vilu 	for Lhe 't.reticaI 
rICCUraCy Iimits of e•Jeç( pcdnl  cooriiia;ites...ar.ç 
obtained from.i1sirni.iiatii.i:is. O  
]For pornt, wIlic.11 are proj.tid mio 3 irnnge 

= 1.5 m, 	1.5 lu, gs 	3,9 m 
:axmd for poiais; project.ed into 2 iomages: 

=z.s 
n the graphmc represent4tlon of ilr thuretjcaL 

standàrd deviatiõns a ia 'figure 4" tkie'.differénce 
betwen. poiais .*ici: o  t'v. ani 
thrt.e images is Iear1) visible These values how, 
that t)nly pints. ia .thetbreefId.coveredrea 
atisEy Lhe nccuracy den14nd af the mission 

Therefore w the followPrng dISUJSSDII rnun1y th.. 
resultmng uccuracmt.s af thie poinJ sire rfkFed 
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4.2 Influence õf the sensor arrangeineiit' 

Cõmparing. figúr.e '5" with figure 6. it 'an be. seen, 
that the standard de4atia'ns'à 	fali objectpoints 
are : smaller, 'if convergent iiiïes are assuuied.. 
Tlie accuracies.:for pomnts'which, are .pr.ojected into 
three irnages are in case af parailei lines siightly 
and ia case of conv.ergent 'lines significantiy better 
than poiiits prõjected into twa images. This effect 
appears especiai]y ia connection with inaccurate 
õbservations of the exterior arientation parame-
ter. 
A review of the influence of the sensor. arrange-
rnent on the'photogramrnetricpoint determinati'on 
is givea by the figures 8 and 9 For ali distances 
between, orientatian images and for ali versions of 
ground contrai p'ints used in the simulationS a 
distinct irnprovrnent af the accuracy is visible, if 
cõnvrgnt sensor lines are ued. The ratio bet-
wecn the standard cleviations resulting from. par-
aliei and from convergerit.,lines becornes,better for 
flue 'bcriefit of conyergent lines lhe less preçisely 
thL observations for exterior orientation para-
nieters 'are given, the slorter the distanoes 
between orieniation images are assurncd cnd the 
Iessgroun'dcontrolpolnts are used. 

coive'rgent lines cm the ground can either be 
óbtain'ed by tile convergent arranement:  of the 
sensor lines ar by i'nclining lhe shut'tle across the 
direction aí flight,during ,tjie iznage recor.ding. The 
rol1 a'ngle aj, which correspbnds. to a serisor ro-
tation 'a results from lhe fórmula: 
sin (w) =' tan '(a) / tan 'y) 
where denotes lhe 'convergence .angie. 
From this formula a sensor rotation of J4 grad 
corresporids to a roil angle  of 5.3 grad. Additionai 
shnula:tions were performed which resuited in no 
perceptible clifferences bt een an instrumental 
line convergency 'and flue inclinatiQu of the shuttie 
ia the rrns values. gí.and The ,vaiues for pç., 
however, got ivorsc by. the Ifaçtor 2. 

4.3 iníluence of observations 'for ecterior orienta-
tion parameters 

The q̀uestion, how predsely 'the parameters af the. 
exterior orientatjon 'have to,be  measured ia arder 
to fülfihl the accüracy demands, is of particular 
importance. 1h6 figures '7 'to 7c show Íhat. the. 
resulting accuracíes imprõve with 'better precision 
aí the position and altitude observations.. li no ai,-
servations are, at hand the riesults are. unsatísfacto 

ry.In pattiaular.:ól5s vations foi the positi viu is ar 
important, because lnsuffícient accuracies are to be 
expected evenin case of errorfree attitude obser-
vations (figures 7a and 7c). For [he oceuracy pf 
the 'Y-coõrdin'ates. (fig. 71)) that effect is Je 
apparent. 
The slmulatíons were performed with idealized 
assumptions for the .camera orientati'n 'data. la 
practÍCe the data may  be given with sematic 
'offset' ar 'driít errors; eg. if originating from an 
inertia! 'navigation system. A 'sirnpie approach t 
model that effect is a simultaneous det'erminatiôn 
of additional unknowns for 'offset and linear 'drift 
of the corresponding orientation Mala in the 
adjustment Th!s :approach aliows for the intro-
duction af relative :observatkus of the. exterior 
orientation párarnete'rs.However, sfíirient ground 
control inforivatioi is neces..'ary to determine Iliese 
additiórial uïiknowns. 

4.4 Influancc.oJ' tlie distinc betweeii irientntion 
'iinages 

It CZIfl l)C seca in figuro 	that tie iesílu  beconie 
bettër with incrcaflig di.stances 1tc11 orienta-
tiõn ilnages assuming a constani a,. TInc iereasL 
of the distance. betweeii orien.Iuiorr innaees, hosv-
ever,: Ieads to higher interpolation errots. An1 men-  
tio ned in 3.1 already1  the appmpriatedistancecan 
only be chosen, when the practiçal data are 
available. 

4.5 Influence af ground contrai Lurormatiun 

From figure 	it can .be $een1  that an inçr&.nsii1g 
nuniber af ground contro põints resolts ia a better 
accuraoy of point deterniinoUn. 13ut only hr cas 
af a dense network of ground contr 1 poinU one 
can renounçe on precise exterior oi:ientatfon 
observations, if tbe: accuinuy dctmnuds. of tine 
mission sinall be fulfilled. 
'Because the availability ot a Inirge iiuiubei oí 
grõund cõntrõl pÕiuts ca...ndt he ejisumil, a ivcn 
DTM rníght be used as nncklitioncm) grounnd . çonlrol 
'inforxmition. Figure.1091ú~ asigiuifkntirmijrove-
menu aí the resultíng rins values aí tine standard 
deviatians a, even. in císc o DTM with low 
precisiô'n is introduced in.to the adjustment. If no 
õbservations:õfthe enteriororientationparameters 
are avàilable, súfficient height iccuraey is ahic.Ved 
by DTMinfõrmatiõn with aprecision levei õf 20 
m orbetter. 
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S. CONCLUSIONS 

From the photogrammetric point o view the 
major aim of the MOMS-02/D2 projeçt. is the 
three-dimeisionaJ point determina tion and DTM 
generation with high.. geometric quality. Based on 
the results of this study the foliowing onc1uskms 
can•be :drawn. 

The simulations showed.:that a convergent arrange-
.ment of the sensor Jines results. in: signifiçandy 
.better accuracies than :a paruilel arrangement. 
However, since parallei sensor liaeswill be used 
fõr the missíon, an improvement of the accuracy 
can be achieved by incliningthe huttie duringthe 
data recording. 
Precise obseiations of the exterior orjentation 

rs pararnete are reqúired. in order to fulfifl the 
acuracy demands o! the missian.. Therefõre these 
data, which Nívill be derjved from on-bõard navigati. 
on •syrms, frõni tracldng data and from arbit. 
módeis, have to be introduced into the photo-
.grammetric adjustment. 
The exclusive use of ground contrai points is nor: 
recómmerided, because a. dense netwórk õf cúntrol 
põiniwõuld be required. The combination õf 
ground contraI polnts with observations of the 
exterior onentation parameters and possibly 
general ground contraI infQrnlatiøn, e.g. fram 
DTM should be used in a combined adjustment 
of. .,pliotogrammetnc and non pbotogrammetnc 
data. 
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ABSTRACT 

Flarsh conditíóns :such as densa :JungIe  and cloud cover, p.articulÉly biequaoriat 
reglonS, have stimulatOd rasearõh for the dévelopmentot  newtechniquesto prôlde Information 
in support of both engineering and natural resource projecis. ThIs papar describes methods 
developed for digital data acqulsltlon and Interpretation usirig microwave and laser data. 
Spacitically, digital sida lookng airborne radar, spaceborne syntheticaperture radars, and pulse 
lasers are dsscnbed. The rnethods developed help acquire lnformatlon requlred for digital 
terrain rnodeIs resource management programs, and for the generation of poducts such as 
geologic. information mapa, vegetatiõn thematic maps, and topographio and drainage mapa. 

:1.. 	INTRODUCTION 

Conternporary rernote sensing instruments 
such as sida looking airborne radars, spacebôme 
radars 1  and microwave airborne profllers have 

• bQcome establlshed as olfactivo sensors for tha 
.generatlon of terrain and oçean information in 
frontier reglons auch as.the tropcs and lhe polar 
regions Although thei thermal charactenstics of 
these two sets of raglons represent the two 
•extrørnes of the climactic spedt um, the regions 
havé many envhoflrnental and operational common 
faõtors. The arctic and.equátõriàl reglons in mafly 
cases:are inaccessible, are olten covered wlth fog 
orcloud, and requlre that operations be carried out 
under day and nlght conditions. In addltlon, torram 
In the. tropical reglons is covered wlth a densa 
vegetation canopy while terrain and oceans In tho 
arctic reglons ae snow and ice covered Thus, 
sensors which may bó qperátéddudn•dayornight 
conditións indep.endent of weatleror.atrnosherlo 
conditions, and which can penetrató thõ jungle 
.cover are ideal. Indeed, both sida loõking radar 
and Iaser proflling instrurnents are activesensors 
capable at baing operated in virtually any 
atmospheric conditions during lhe day ornight, and 
have various degrees of penetrability of 
atmospherlc conditions and vegetation or snow 
cover, 

ocause the sensor itself is part ol a 
complex plátform, its interaction with the total 
system must be actively controlled, and where lhis 
is not possible, precisely mónllgred. Further, ths 
data record frorn these high technology systems 
contains a wealth 01 Intormalion which can onty be 
acquired through advanced digital data processlng 
methóda. An integral po,tiofl 01 the information  

generation prooess, Iram aõqülsition activities 
lhrough to the final artalyses, is a capablllty to 
digitaily acquire and record sensor and systein 
reiated data.. 

Speclflcally, digital. data acqulsition 
applicatlonswithln the. coritextof radar and laser 
operations may be considered te take placa on 
three leveis as foIIowS 

(á) 	The oporational levei In whlch the 
ínstttrnieritinteractswith the p!atforrri 
and environment aná rriust be 
adjusted or monitored through digital 
motion conipensation, ground speed 
monitoring and slant range 
rectilication. 

(b) Near real-time processing in which 
the sensor data are processed. 
dlrectly alter reoording In order to 
eliminate data whiõh are ultlmately 
not requtred to obtain the desired 
inlormation, and to obtain the deslred 
Information, and to porrnit real-time 
lnforrriatlon ganeration. 

(c) Ground-based procassing In which 
the fuLIlnlormatiôn contont 01 the data 
may be. acessed utiliing a larga 
variety of digital techniques. 

The firat af the above isvela .01 data 
processlng relates more to the instrument 
manufactura and operation and accordlnglywUI not 
be lurther addreased in this papar  except to say 
that digital processing is an integral aspeci of 
contemporary romote senaing hardware 
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constrution and operation. 

Acquisition and ground-based processing 
techniques will form lhe hasis otthe balance ofthis 
discussion. Specificafly, each of .lhese technlques 
will be discussed within lhe context of sido loõking 
airborne radars and laser ground profiling sensors. 
FiPaily, somé conclusions drawn frorn current 
practhss relating ia lhe sensors *11l be drawn and 
recomrneridatlons lar future work.will be presented. 

2. AIRBORNE RADAR DIGITAL DATA 
PROCESS ING 

2.1 	iritraduction to Sido Looking Airborne Radars 

Sido looking airborne radar (SLR) is an 
active microwave imaging system which has, the 
advaritages 01 day ar night, ali weather airborne 
imaging oapability, dirootional and depressiort anglo 
control, and high-quality digital image data 
generatiori. In essence, sido looking airborne radar 
generates a sonos ai microwave pulses from 
ptatform to torram, and roca rds: lhe return oí theso 
pulses in a digital format. These pulses are 
arranged ia s.equentiafty cover the terra in over 
which lhe aircrait is flying and can be directly 
digitafly processed to presént as radar image, such 
as that illustràted in Figure 1 obtained with lhe 
Bercha Group sde looking aÍrbome. radar. 

TWo principal cateories of sido looking 
.airborne radars are currently in use; narneIy, the 
real aperture sido looking alrborne radar, termed 
SLARJ and lhe synthotic aperture sido looking 
airborne radar, terrned SAR. The SLAR has a 
somewhal simpler digital processar than the SAR 
because it permita the recording 01 a variable width 
beam across range, resulting in a çross range 
varíation 01 resolution. At the sarne time, it hás lhe 
advantages aI being more econoniical and is. 
generaily considered to provida a better irnage 
tonal quality ár dynamic range. In terma of 
hardware, lhe SLAR is generally. charàõterized by 
a longer antenna such as that of the Bercha Group 
SLAR depicted in Figure 2 where a 6 meter 
antonna is shown suspended from the Metro II 
aircraft. The operational levei processing and 
recording of a Bercha SLAR image is shown in the 
biock diagram in Figure 3, As may be seen, this 
particular SLAA systeni possesses two processing 
trains, an anaiog train and a digital train 
Operationaiiy, both trama are aircraft motion and 
ground speed rectifíed in real-lime. The resulting 
digital image is. an 8-bit iormat rocord on 9-track 
magnetic tape. 

A current tochnology synthetic aperture radar 
system (SAR) is the ice and terrain mapping 
systerri (IRIS) manufactured by MacDonald 
Dettwiier & Associates and  operated by the Bercha 

FIGURE 1: SLAR RADAR MOSMC 
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FIGURE 2: METRO II AIRCRAVr 

FIGURE3; REAL-TIME RADAR DATA RECORDING 

BLOCK DIAGRAM 

Group iri the COAS owned Innotech operated 
Corwar 580 aircraft shown in Figure 4, together 
with the acquisition and data generation processes 
iuustrated in Figuro S. 

2.2 Real-time SLAR Digital Prooessinp 
ADIications to Maritime Surveiliance 

Real-time rnõnitõiirig .of maritlnie operations 
including vessel, rigs, and the movement of 
potentially hazardous formations such as lcebergs 
has been developed by the Bercha Group through 
an extensive sedes of commercial programs 
spanning tive years and totailing over 6,000 SLAR 
mission hour. Specifically in doveloping a real-
time rnaritime surveiUance information extraction 
system for digital SLAR imàgery, rnethods of 
isolattng ttie posdional and characteristic data for 
targets were doveloped to .produce synoptic maps 
which can be transmitted in real-time through 
ordinary airbome façsimile transmitters which have 
the advantàges of virtually no range lirnitation. 
Figure 5 Iliusirates a biock diagram of the near-real 
time processing activities to provide maritime  

surveiliance information based on data collected 
with lhe Bercha SLAR. ln essence, an operator 
assisted digital interpretation procoss was 
implemented. In this process the SL.AR ímage, 
digitaily rectified in real-time, was ptaced on a 
digitizing tablet capable of automaticaIly recording 
positional information and receiving iriputs on target 
characteristics from a human operator. After lhe 
targeis had been located and identified, the target 
information was automatically merged with 
positional modeis to generate a target map such as 
that shown in Figure 6 containing anly the relevant 
matime surveiliance information. The map, then, 
was transmitted by t&efax from the aírcraft to 
selected offshore and ground stations The entire 
interpretation process could be carried out within 15 
minutes of target overflight, yielding target maps to 
any ground stations equipped with appropriateband 
facsimile receivers and appropriate securlty codes 
wfthin haif-an-hour of targot overflight. 

The Bercha Group has also carned out more 
comprehensive transniission activities in which the 
digital image itself with only posítional information 

FIGURE 4: CONVAIR 580 WIT11 CCRS SAR 
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FIGURE 6: TYPICAL OFFS}IORE TÃRGET MAP 

lias been transmitted by means ofdownlink. In Lhe 
case of surveillance of more complex tatgets such 
as contlnuous troop movemenis, ocean surface 
condítions such as wave patterns or 1c9formations, 
and continuous phenoniena such as floods or fíes, 
it may be desirable to transmit lhe entire radar 
image ralhar than a real-time map generated as is. 
optimal for point target information. To date such 
digital tranamissions have beeri carrled OLIt through 
llne-of-slgtit t.ransmíssion having lhe dlsadvantage 
o  range restriction. That is foras gíven aircraft 
altitudè thé furthest ground statiõn must: be. no 
further than Lhe langent point of a une Irom tho 
aircraft te lhe earth surface For a10,000  meter 
ASL this is roughly 20.01 . kilometres Current 
deveucpments, however, Include transmissiori of 
digitzed radar data to saleilites wtth subsequent 

downiinking to ground stations lhus rernoving, for 
ali praclical purposes, lhe range restriction. Figure 
7 iHustJates such as lransmission technique for 
offshore maritime surveiliance, cleaily depicting Lhe 
lernta rial ádvantage. 

2.3 	Ground-based Digital Anaivsis .of Radar 
Imaciery 

2.3.1 General Discussion of.Ground-based Digital 
Analysis of Radar imagery 

An integral eiement 01 digital data acquisition 
is the ultimato appRcatian to intormalion extraction 
using digital interpretalion lechniqües. 

Techniques dlscussed in this. section ali 
pertain to anos which are generally carried aut on 
a ground-based computar system in an operator 
interactive mode. The lechnlques are of Mo 
principal categorias, namely, visual presentation 
techniques and digital information extractíon 
techníques. As iniplied, visual presentation 
techniques are concerned primarily with 
enhancerneni of :features  in the radar !mago for 
subseqLient graphic visual interpretation while 
informatiop extraction techniques use the lulI 
potenhial of lhe data and involve lhe utilizalion aI 
algo rilhms to extract informalion which may not be 
extracted by visual means alone Visual 
Interpratation tecliniques consis 01 thcse pertairiing 
tosingle band visual presentation, multi band visual 
presentalior and multi-senso visual presontation 
Examples of techniques pertainlng to digital 

f . 	. 	.. 

:FIG[JRE7: .OFFSHORE DIGITAL RADAR DATA TRANSMISSION. VIA SATELIJTE 
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inforrnatlon extraction have beeri restrkted to 
single-band considerations. 

2.3.2 Data Iriterpretation Techniques. for Visual 
Presentation 

2.3.2.1 	Single-band SLR Visual Presentation 
Techniques 

Simple singls-band visual presentation 
tech niques 1 nclude contrast stretching polarizatiõ ii, 
spatial filtering, and colour presentation methods, 

Contrast stretching is a simple rnanlpu!ation 
which maps the range ol pixel intensities in the 
original image to the fuH dynamic range afforded by 
the digital processing system. The process 
improves lhe contrast ot the Irnage and allows 
subtie feature differences to be distinguished in the 
image. 

Polarlzatlon is the process whereby the pixel 
intensities are mapped inversely. so  that black 
bocomes white and white becomes black in lhe 
:extreme. The approach is principafly perceptual 
based upon concepts of figure and ground. 

Spatial filtering utilizes spatiaí ar equivalent 
frequency filtering techniques to highlight  

inforrnation of different spatíal frequencies within 
lhe irnage. Especially useful is high-pass filtering 
which emphasízed high.-lrequency feátures such as 
geologic linear atructures and directional filtering 
which enhances specilic directions cl ,the image 
fabric. Filtering is also used to reduce image 
speckle. 

The use cl colour in enhancing an image 
tacilitates visual recognítion and interpretation of 
features as the human eye can discriminaté lar 
more colours than shades cl gray. The use ol 
colour in singleband enhancements is possible 
using as number ol techniques including density 
slicing and split spectrum techniques. 

A radar image acquired over Malaysia by the 
Bercha Group SLAR which has been enhanced by 
split-spectrum techriiques is shown in Figure 8. Thls 
enhancement helps deline three distinet líthologic 
units based on irnage colour and texture. 
Sedimentary rock structure is evident within the 
plunging synclina in tho central part ol the image, 
a zone ot predominanhly limestone can be seen 
below the synctine, and a massive crystalline 
atructure composed 01 lgneous rock cari be 
delineated left ol the river. Due to thedifferential 
erosion of the complete sedimentary rocks and the 
illumination geometry of the radar which highllghts 

FIGURE 8: ENHANCED DIGITAL RADAR (SLAR) IMAGE, SOUTH LOOI 
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ths erosional pattern, lhe dp ot'tho beds toward 
tha core o  lhe synoline cari easlly be seen. 

2.3.2.2 	Multi-band SLR Data. Interpretation 
Techniques 

SLR systems may. be  configured to provide 
Imagery from different look dírect[ons and incldonce 
angles as with th9 Berõha, SLAR, as well as 
differont froquencies and polarizatiõns as with the 
Convair SAR. Multi-band enhàncoment leçh fiques 
can be utilized lor rnutipIeSLAR passes over the 
sarne area, for tha differentibok drections, incident 
angles, frequencies and polarizations Each 
different !mago dais sei contributes unique 
information on lhe maleíal and terraín providing 
greater d&laii, for a patiular iarget or set ot 
features. Multipte SL.AR bands can be effectively 
combined lhrough a digital colou rcomposite image 
in which lhe .differont cõlours ar mixtures of colou rs 
represent unique lnforrnation obtalned from each 
band. Althouh colbur cõmposites prõvide .a 
method for displaying multiple sources •of 
iniormation, they have limitations. First, only three. 
bands can be displayed simu1taneously, and 
secoridly the rnethod is restricted to the information 
rnherent lo a specific band Mathematicaily 
translorming the data overcomes these limitations 
by extracilng specifrc informatiort for multipie bands 
and mappirig tliom nto fewer bands The Bercha 
Group lias deveioped oxpertse for carrying out 
such multi-band SLAR data transformations as 
reported in a sonsa ai papers by our Ottawa 
personriel, which niay be made available upori 
reqUest, 

2.3.3.3 	Multi-Sensor Comblnatibns. for Visual 
.Presentation 

• dombining SLR data with other typos of 
remotely senseçí data will offer increased 
information, as lhe uniqLo properties of oach 
cliannel will complement tha olliers when combinad 
digitaily A number af ean nhcoments which have 
boen carrisd clii by lhe Bercha Group tor 
combrnation of LAN DSAT MSS wlth ÍRIS SAR data 
are summartzed in Table 1 As can be seen 
different combinations ol banda recorded during 
differont seasons are used to emphasize different 
aspecis of the lerran inforrnatron required 

234 	Digital :Teàhn i4ues  for SLR Data 
Information Extraction 

The principal purpose of this categary ol 
techniques is to íuLly extract socific information 
quanta from irnager' uiiliz 

rn 	
ing semi or fuly- 

autoatic methods for •  quantitative analysis. 
(Berclia et ai., 1985; Shaw, 1986; Bercha ei ai., 

TABLE 1 

LANOSAT MSSJSAR ENHANCEMENTS 
PURPoS 

Wirne,-  IANDSAT/5AR A. .Pmdu 	7ail 
Bnd7 aSAR R Eaph1z 	11I1 .. 

Sqsmmcr LANMA*SAR floni 1 a SAP. 	ia EptaIzea btàms. land izc 
Ba.5 a SAR.- 7 pa 

13- Coanr Srn Mjina 
(Tiacw PjhsRcmnnL 

5wninr ano Wadet daaa E3M111ent dtaiu1iae 	iI 
LA7DiaATIAR 'hhgíwKIan 

Summar ind Wfnier SAR a!nd ia a wiiiatnng EnipiasInes 	rpadetii2 
LANDSAT/SAR :fncdnfl 

C. Basid ComaLnat(an 

Suznn,sni WIiiInc Swnnrand 7 Empua!Ø,Qgraç1Jc d,aI 
LANDSATSAR '.Vr,icr bani 7 aAR 	O 

Winetbnd4 	SAL-ia 

Rni, Czcr; BIU Calnnr Cala, 

1988). The types 01 intormation extracted incluclo 
forest cover, soil types, hydralogic properties, 
biornass, and any othor lerrain, marino, or 
geological characteristics cantai ned ;n lhe single or 
combinod sensor data seis analyzed. 

Gonoraily, information from remotoly sensed 
data is represented by spsctral, spatial, temporal, 
and contextual properties of lhe acene. Spectral 
information is contained In pixel intensitios which 
represem lhe reflocted properties af the objecta 
within a given rosolution celi. Spatial informalion 
inciudes pixes within the neighbourhocd which may 
be described by their textural and structural 
properties. Temporal information providod an 
indicator af the material and objecta presented Dy 

their changing praperties over time. Coniextual 
information providos chies to the ldenifica1ion of an 
object by lhe presonce ci other forms, shapes and 
abjes juxtaposod to the subject objeci or tocation ct 
within lhe acene. The general approaches to 
information extraction riay be surimaiized as 
foliows: 

(a) Statlstical approaohe 
(b) :Slruçtural approacheS. . :. 
(o) 	Artificial intelligence technlques. 

Slatistic.01 approaches., Include the 
charactenzation and assignment of an element lo 
a particular object on the basis of probability theory 
and statistios. Structural approaches view the 
object to be composed of simple patterns, where 
patierne are consiciered to havo a structure of 
repeated elements that can bo descrtbed by some 
mathematical model Finally, a fow, artificial 
Inteiligence anaiysis systems, rnost M.  whicli are 
prototypes, are currently rn existence dealing with 
remote senslngotithe baisofa  MIM ielIigenõe 
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A variety af work for the identification of 
oceanographic phenomena including standing wave 
patterns, currents, and ice cóvor chá racteristics has 
been carried out by tha Bercha Group ullllzing 
ctiister anaiytic statistical approaches, structural 
methods, and supported by lhe visual techniques. 
Such work is reported etsewhere and rnay be made 
availabie upon request. 

LASER DATA DIGITAL PROCESSING 

3.1 	General Introduction te Laser Mapping 
Systems 

Commerclal, high-accuracy laser systems 
bocame avaable in 1980, atthough problems of 
gonerating an accurale ground and vegetation 
profife depended on the solution ei liming, 
ntegration, and airborne .platform positioning 
conside rátons. 

A. high-àccuracy laser proliling system was 
implemented in a largo-scale demonstration project 
of laser profiflng, and topographic map product 
generatiõn in Indonesia by ttie Bercha Consortium 
(Bercha, 1988). The laser mapping syslem 
conslsted 01 an airbome data colieclion system and 
a ground-basod data processing and automatio 
mapping system. Both the airborne and ground-
based system components utilizo current state-oi-
art proven and reliable technology. 

The. aitbõrne platform was a BelI 206B 
helicopter equippad wtPT spocializod poWer, 
positioning, and racking equipment for the data 
acquisition program. As may be noted from the 
blóck diagram given in Figure 9, :the principal 
sensing companent consiste otthe Iasors and the 
laser mirrar. The navigalional system is used te 
accuràtely provida planimetric and vertical 
coordinates for the platform at aÁy given time, until 
1968 Initial survey systems were requlred whHe 
Global Po&tioning Systems used today facititate. 
acquisitiori elflciency. 	Duririg acquisition both 
positional and platform lo the canopy ground 
distance measu rements are slmullaneously 
recorded and delivered for first levei processing. 
As may be seen fom Figure 9, laser data and 
positional data are then merged to gonerate a 
groundprofile. Next, the digitized ground profile is 
plotted, and map products may be generated 
utilizing a specialized software mapping package. 

3.2. 	Laser Profile Generàtiõn UtllizlnqDjgitel 
Technigues 

As shown irt Figure 9, lhe real-lime digitaily 
processed data oonSiSts 01 two data seIs, the 
positional data and the laser data. The positional 
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FIGURE 9: LASER SYSTEM BLOCK DIAGRAM 

data gives the X,Y, and Z coordinates of lhe 
plattorm aI a high tempõral frequency along tho. 
flightline. the laser data consisis cl a sedes aI 
laser pulse maasured distances belween the 
plalform and the terrain. As Indioated eatlier, 
distances from higher canoples siso. appear 1h .this 
data set..In tha groundbased proce.ssing 
necessary to generate a precise ground proibi, 
such as that shdwn  in Figure 10, these two data 
seta are digitaily merged te prõvida a true grõund 
prolile. The profiles are further digitally corrected 
Irem comparisons of posilioning data and 
systemalio ground truth location paints. 

3.3 Digital Mafroduct Generation From Laser 
Data 

The digilized ground prQ( . ile.isi auto maticaRy 
read into the lopographlc mapping system As may 
be seen from the block diagram ci the mapping 
system iii Figure 9, map products inciuding siope, 
lopographic, apot elevation, proilie, forest profile 
and drainage .rnaps. rnay be generated. The tirst 
step in lhe map creaton process is lhe creation el 
a digital terrain model (DTM) for lhe area to be 
mappsd. The creation of lhe DTM for an area of 
roughly 100 sq. kllometres wlth a 100 meter prolile 
grld takes approxirnately 46 hours. Creation aI a 
file ol contour línes for plotting is dona by searching 
lhe regular grid for its upper and lower height and 
starting at the lowest, contour fines are interpolated 
throughout lhe grid The contour file is lheri output 
te tape for plotling on a spacialized map plotter, 
yieldlng products such as that shown 1  Figure 11. 
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Themalic maps may a!so ba created Ifrom 
lhe,` DM First orest profiles süáh as that shown 
inFigure 1.0(à)canbe gõhGiatedwithprocessng to 
sI,ow cover classes as shown in Figure 10(0) 
(Bercha eI ai 1989 4 Bercha et ai 4  1990) Uslng 
lhe grid nodes, specifled siopes are dentlfied and 
afile lscreatêd whlch lathen output for potiing,. to 
crente thematic or siope maps ThOuliiizatiõn pi  a 
digital jorram modef wth alt  lexible prõiø data base 
which can be updatedôrôorreôtod as re úired has 
substantial advantages permitting lhe generalion of 
a: variety f map rõduct including the staled 
topographic and thematio map 4  spot elevation 
maps, draínage mape, the isomatric or oher 
orthographlc projeclions of lhe three dimensional 
terrain. 

34 SIatisticaiLaser Data Anolication 

In statlstical laser data applications, 
positioning controt accuracy may be relaxed 
because anly a sample ol prolile or relativa prolile 
data needs to be acqulred, that is a sampling fkght 
thrõugh :the ... pôpuiatii n area 'õnly generaily 
located .sinçethe resulta lo be obtained íncluda 
Statistical data to serve às à basÍs for computatiõn 
of frequencles, wave length, mean heights, and 
other characterlstic parameters To date, statistcal 
applications of laser profilometry have lncluded 
forest cross.seótiontor  lorèst volume computation, 
sil.erosirOrftuvlatdepoõitvarlation dssssment  

generalty Consrst9d of the.same .basic. laser as has 
been utllized for precise mapping, but in this case 
withoutlhe sophisticatedrnotori compensation ánd 
ppsitiõninq systern needectfor aurate planímetrio 
and verticàl confrol. 

An instrumeni •with a similâr 1unlIon . in 
statistical appllcatloris is tho airborne radar 
àlllmeter. Spacifioally, lhe forestperetrati.ng radar 
for tropical zones, FPH 2, as deveJoped by the 
National ResearchCouncil ofCaiia and oerated 

'FIGURE 11; TYPICAL TÕPOGRAPfflCMAP 
and ice ridge or sand duno frequency and wave 	

DIGITALLY GENRATED FROM LASER DATA Iength evaluation The airborne system used by 
the Bercha Group In these applicatlons fias 
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by Hauta Monta may be utiiized to make altimetric 
measuremenis from a lixed wing aircraft, but with 
corisiderably less accuracythan the laser. Justas 
the Iaser, however, the radar altimeter penetrates 
multiple canopy foliage, to lhe ground, giving 
distance measuraments from each canopy as well 
as from the lerrain itself. Thus, a logical spinoff 
appkcation is the computation of biomass from 
laser oi' radar prõfiles. 'This cari be accompUshed 
by combiiiing fyptcal trünk diarneters wilh trse 
heighi measurernents and processing Iransfar on 
appropriate biomass atgorithms. 

4. 	CONCLUSIONS 

Major deveiopments have rõcently occurred 
in civilian appitcations af digital methods to the 
acquisition, processing, and information extraction 
from radar and laser data. The following general 
conciuslons may be summarized from the present 
corporais groups exporience: 

(a) Operational, real-time, and ground - 
based digital analysis ot laser and 
radar data constitute a rellable and 
current state-of-the-art capability. 

(b) .Operaflonal analysis ai the sensor 
data ganeraily falis within the 
manulacturer's dornain as lI involves 
sensor operation such as motion 
compensatio n, alig nrnent, and other 
operational aspects. 

(c) Radar real-time digital data analysis 
is partioularly important In support of 
technical surveillanõe activities such 
as maritime suxveil lance and onshore 
security surveiliance. 11 pormits quick 
filtering of eritical information from lhe 
irnáge for virtually unlimited 
tranemission range. 

(d) Laser real-time data analysis currently 
involves creation of a position and 
distance filo but shouid be extended 
to rnerge these two files in real-time. 

(e) Ground-based processing capabilities 
are extensiva for both radar and laser 
and ii may wel! be .concluded that 
virtually any appiication within lhe 
sensor spectral capability may be 
addressed with custom software and 
algcrithrri development. 

(1) 	Radar ground-baséd arialysis consista 
of visual erthancement techniques 
and digital information extraction for 

elther single-band, multi-banci or 
multi-sensor data seta. 

(g) Because radar data are black and 
whtte although they do contain a very 
high dynamic range for the case of 
good quallty radars, visual 
enhance mënt techniques uti lizi ng 
colou  are highly desirable te facilitate 
visual lnterprelation. 

(h) Information digital extraction 
techniques for radar data represent a. 
virtuaUy unlimited 	polentíal 	for 
development although significant 
success has alroady been mel .in 
applying these to forest and 
vegatation .classification, ocean and 
ice mappíng, and maritime 
survelilance. 

(i) Laser profiUng and topbgraphic 
mapping systems havo been 
developed to a high lavei ot accuracy 
and reliability and are capable of 
generating a diverso set of data for 
topographc rnaps, forest cross-
sections and profites, thernatic maps, 
drainage mapa, other map producta 
based on the digital tarrairi model 
integrated mio lhe map processing 
syslern. 

5. RECOMMENDATIONS 

The following recómmendations are based 
ori lhe above presentation 

(a) .Manufacturers should more carefully 
consider lhe potential ot operational 
real-time digital techniques in orderto 
improve performanco of radar. laser, 
and radar altimeter censora. 

(b) Other developments in real-time and 
near real-time radar data processing 
are desirable particularmy for 
surveiliance activities where a large 
part of the digital Irnage storage 
volume is laken . up by nõn-critical 
ímage pixels such as thõse 
corresponding te open water or bare 
lerrain, 

	

(ç) 	Near real-time lazer data processing 
shQuld include a capability to 
automatically merge lhe positional 
information and planimelric sensor 
dala.to get a digital data báse. 
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(d) 	Graund-based radar and laser data 
digital processing should be 
approached wilh optimism and 
confidence as virtually any apphcation 
requirernent can be met provlded the 
posilioning systems and sensors can 
generate accurate and reliable data 
records. 
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RADIOMETRIC INTERCALIBRATION 8ETWEN S?OT AND 
SOME OTHER SATELLITES 

M.DIGUIARD (1) M.LROY (2) P.BEtWY (2), GGflOT () and X.F.0 (3) 
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ABSTR.ACT 

Thic paper peaeflts come renu1t .in the 
ieid Qpticat aateliitea. radiornatrie 

intcibatio±i 'bta1ried by th. Freçtch Spatial 
Aqency C(ES in abo-ra.titn wil- h ot1r 
£riatitutes 0NRA CE9Pr/DERO { T1ous) - , IY'LIA 
(MrinQn) 3nit LJ 411e).. 'F'ot.r tnain is sues are 
reviewed i. detaíl: (i4 the idtrcai±ration, Of 
a NSA h6rni3paerica1 árii:1 CNES. spheríQ&1 laz.ga 
aperture pte1ight irces (±i) t) 
intc-1ibrattøn btwén SPOT1 and Mos:l 
initiated itt the fLaInewotk. of. the MOSI 
-P.reparation Progrrn, (ií±) the intercaUbtation 
O5 ItANDSAT5-TM ind PYr1 on the tet s'ite Õí La 
Crau (Suth-East oC 'iance) naing gound 
meastrements of the gound refleetarice artd Ue 
atmospie.ric p pertis and (iv) àttentp8 t 
i-ntetc.411bza.te the twu. 5atellites S'OTI and. 
S.QT2 

REY •.WÓRf'tS 	Licneti1c ca.iibtatiørp, RwnO.te 
Sitning c;arnera's,, SÕT, LANDSAT, MOS. 

1 	INTR0DUcTXON 

Abselute calibratiori ef remete sansing 
c.arnet-a9, tat i -.n k .  the eõnversión of digital 
Lnstruinent output isto the obserred radiance, 
is- ery irnportant since it pemits-. i. 
accurate ã good -monitor.ing ci a given 

1 :b0meQn 	wtr.h 	time 	U1.tit81Up4If1 
•t5 wel.1 as bk1ity t<, ,niic 

infornad.cms. issued irem iiferent cameras os-
.board iierent .sdteilitea. - 

As an accurate absol-ute ttallbrat'ion is a 
vE*ry alificult -  tãsk, the Frttnch .-Spatial Agancy 
CNES, iU 3,1t5 .FÓT- pr09ram, haz mede itt 
cciliabbration w3.th ether nationai i.ntitutes, 
ONETA cruRTIÔ )mo (Toulouse) • INRA (Avi.gnon) and 
LOA (I.ille), -a .significant effort itt cro88-
ealibtatiiig tbe •SP0T isstrwnents using many 
indapendent procedures as possibie. The MRV 
cãuieias ozi bcsard SE0T1 ani SPOT2 were 

e carefuily calib.rated befoi 	flight: In MATR.A 
(SOT ritsnufàcturer-) ibora.toxies- An n-bnard 
device ineluding 2 d±ferent. .1ight sources (an 
hal.ogen lamp + an. -opticai fibra devicea to 
onduct the sola irrad-ianee onto t1te 

detectbrs) and. contintious dieóks õn crbit on 
defined sites w-ith ør Without grnund truth haver 
aliowed a good eatimati.Qn ei the -temporal 

evoL-ution of. ehe cameras. Crosa calibrati-on 
idtjt otlier remote aensj4q' aystma suoh as 
LlS'r tIOS etc.. uslng. tha 5ame ground 
standard or extrao1a.ting. abso1ua ca1ibratin 
.É rum.  a camera to the Cthex: by conparlson of 
uasi -:airaultane6u5 ages ef tbe sarne tiroa, wa3 

sim o £ . t hè. p~ oc±4m 
UR a result... tbese different Ct udies. and 

eeisints liave rned ut to be usei to 
define .Iaborat-ory standards, signa! 1noe1s and 
calibrat jon prõáedi kes, whj h raay .now be 
applicable with dome generality te tlid new 
generation instrffinehts itt p pai.ation •ir th 

r&otxs Agencies. 
itt -section 2, general co &dr&iiàns on 

	

trca1ibra.tion 	are- d.rs.cuseed 	and 
intercs.bratio.n cefE-iciens deinad. 
Fo-ilowlng .is  & description of some experimenta 
done, tising -the SOT2 HRV ara, itt the sim-
ni croas es ibratLn 9touni3 surces úsed by 
ÚMS &nd WSA (section 31 and, .with SPOT1, 
croas caJibrati-n -SPP?l -vitb other erneras: 
MQ5-1 (sectijri 41, W4SAT rL4 (ecticyt 5) and 
S0T2 (sectin 6), 

2 -. GENERALCONSZDRATIONS ON 
INTZRCALIEk*TZ ÕN 

We: wit! adopt tYte SPOT s.ignai model as 
described. i€he :SPOT U8ERS RAlbáOOK. Phus for ,  
í retuoté; sning esmera (sOT HRV) LN0AT 
TM-..j, the avexaqe aLtput signal cUreçte .d foi 
darjç signa'i is eitpssed as: 

Ak G11.j Lk 	 (1) 

where É ' réiferar, te-  the spe-cttal. band, A ia 
the -absolute ealibrati coéffic±ent, Gai ia the 
iniage ana1oq gain -is the equivalent 
spectral radiánce defined as-:- 

IL(?%) S(.)d? 
1k 	15(D. 

SC) 	is the- apesta1 pofile 0ff t.be 
con5ideed Époétrá1 band k and i3O- ia the 
spectraJ. radiançe 

S_() is in relative, unjt5. x is. exp*eased -  is 
digital -nuaera. urzit.s and L iri W&tt zaeter - 2 
st:e rádi 1 iicomet.-t 1  as 
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For a given cainera, the purpose of absoluta 
caUbratn is to determiie the Ak coefictents 
which aiiÓ the user to oonvart output Si9nai 
in rdince uni.ts. This is ustlaily dona b' 
direct rneasuremnt df a juioWn iance, a i'aie 
integrating. phere in 1.ihoatq 	.f ry baQra 	t. flígh 
or, whefl in crbi-t., by grund truth over. wel! 
défined tese sitô (WHITL $ANDS 3n .M)UCÕ 
USA cir LA GRAU in the outb o.f FRANCE). 

The intia libratïpn if.ficterit i deifled 
as. the ratto betzeen 2 absiube caiibrat.ion 
•do.effic1ets. When 	tiat:d between 	wo 
canetas in or1it, it .proides ar absolute 
cal±bration nie suremer.t io'z a cjiven i nt meot 
Cthe ohat acting as a .refeencj oz acta. 
croas cornpariso.n by à di fférisxit and iridGpndenL 
mean of the abso.lute cai. i:bration of the 2 
carnaras. (.LÍ .a 	i1tC calibra.ti<rn 	tciet 
are already 	,atiahie for he 2 arneras) - Ici 
any he thi: roso irriitütih ia iÁ3efu'l for 
tlie usara uaing d!ffereij set s aí .tmaes tiken 
by .dtffirent. in.txument 

In rrbJt, if na ground truth Is posi131e, 
ta ceinparison cin be dona betwan the imaqsa 
is3ued .f com t.he sarne griurici scere 'jed quas-i 
siuwitarceousiy by tha 2 carDaras in the qusai 
idént ira! spectral tads . 1f j a cannot be 
achievecL ber-ause of systam iimitst.ons, it i 
ne.aessiiry 

 
to tákC ívito 	eunt Lle adti 

di1erence.a hetween the viewing c'r.ditior,r 
(time aí cvet paas vIew angls atmosphri 
changes - .) j and tID specrtrai banda: Jo'e 
.thie leada td rasidua! é:rrc'x:s Íf ali th.g mcdJ.. 
parãnietérs aze ncct paríeatiy .known. 

tn fs.ct. the obaeraed radi:ance dependa oci .th 
uiaient .gróon4 aeectanca •iewd" at Lhe 

top of Lhe atmospherei p, tkrough the ralatiÓt 

— 	)CO5 (ø) E 	 (3) 

where 	Rk is Lhe equ 	ent normal 5r.iar 
iriadince (talUng int accauril tfte 	j-eerh 
dLance variation) and O s  -is the zanjth solar 
:5ngie 

•!he top of atm phare reílertsrice deprids an 
the .atmospher.ir cõnditons.. •hie - is the k jece jo,7  
why when ground truth ia not 	aiiab.le the 
time' o 	etpas pf the aatêiLites to be 
compared muat Oe as close as .possb1e. 

ordr to, ádhí.eve a good cali.brat.ian 
accuracy, a careLul OhoiCe of lhe -site has baea 
pcorined. Wi bhut rauad trth a itabla 
ste for aamezaé intercçrnipar.isan tias' to fuLil 
the fõllowingprapert!es 
(i)-- A high reilactanqe levei, .necessary Lo 
TniniJtdze the measuresnentserrçr. 
(li)- The site has 	be reasortabiy fl.at, Lo 
allow irradianca and. uiewing geametty 
c e t 	 rrc orrcions due Lo Lhe dífeacea hetween Lhe 
2 sateilite overpasa times 
iii- The apecitral reflectence has to vay 

smoothiy and stowiy with wàvelertgth tominimize 
Lhe Offetts õpossiLe dilíerences bsteen Lhe 
2 carnera spsotral banda. 
(iv) - The ite-  has te be iecge eaough to avóid• 
undesirabie atmospheric •enviránmen.tal ef ect 
and siso- te ailow atatisticai .anai.ysia of.'th 
iluage data 

In .the..9e GonditiOns, one o-as auppoae that 
the 2 caners are. L.00king at lhe- sana 
e±ieçtanae and lhe ratio ôt the. absoicite 

caiibrtin roefficicáts 1s -cUrectly deriued 
frdn the ratio o£ -the carDaras isean :digital 
otpst 

= 2iani °° 
ki. 	xl. 	;t2 -CO3 	2 	

(4 

3 - tROUNI 	ORCES INTERCALZA3.!IO 

An in-LercOlnparisc)n af a CNES integrting-
npheta 	nu'feottire:d aitct clibratiad -hy 

WAi and. a -NASA G$'C integratiflg 
hereíspbere wa- pefarinod ir' ATR 

int.ugrsten beL! in Toulouse, - ANC ir' October 
l87 Thei.r oh trírtics were teated against 
a a La nds d laboraravy upeot roradiometar and 
açjinaLthe S?02 satl1iLe istr.irnertta. 

Thi exprinent was piareci in Lhe. context 
f an mor airïg demand in the -remota en.sing 

comnunic -  f Lhe ability te Cress . calibrate 
/acious seta of reite senaing aateiiite-s as 

s írom Othe;É $rce ef data such .a 
aircaft r 	and gtourd- rd.iometr ineasuremenla. 
Thus, th±.a flter 	pari&r' .haa baer 	-ewed as: a 
ca11b.ratÍpri . 	betseen the ÇN$ SPOT2 
sateilita and . Lhe varicua radiretar 
c5librated by MAs 	 tea., U paided a 
Ler.é e r nkrace € 	ir.,.on rf the per.f0-mancL ef 
eact seui-oe accd SC 	by-produot, a baILar 
iai-gh.t it :the: seng 	f affi,curacLCS ofi :th 
Crteriatior of -cha S?O2 sateilite 

the deta:i)ed description of Lhe. expériment 
is gim iriLxj. et aL., l9O. 

rhe Taeured absolute 	cai ibratien 
oeefficiena. fr the2 SPGT MV-5 uts9 :tie 
sphere and. te. hemisphar.e are lJa€ed in tabie 
1. rhe discrepanc-ies etweeh the2. aet.41,  o.f 
esuits  

discepancie 	deczeae with Leaiing 

wave!ercgths and: até rceariy idenlicAi . (to 
within Lesa Chaii 1l) .r both HRis,ih-ich is a 
indication ef .gocci erperiment. repetiLiwitya 
tile 2 cacn5raa asia-sonLnsiy identia.i 

)D 552 iCa.3 

B5VL • D5B 6.  Õ,ais : 	675 

3av2 .9,-SOG 0510 0,685 0916 

URVI O 542 O 634 O 	63.0 O 	2i 
xsc'ssE 

DRV.Z - 915 H: 4 O,fl22 

rabie 1 	round sources intercal.ibration - 
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It is instr.ucrive to. élaboiate an er.rot 
budet of the expeiiment Ui .order to atternpt to 
expl'airi tlie obsezved discieYanci.ës. Thi. Is 
done Is tabie 2, where one tnakes tIe 
distinctiort between bias (ar ctetermini'stic) 
type:erioZs and random type irrors. 

PA x51 •x32 x53 

:AT5ATJON ISIAS •+ 	5% 4% 4 4 + 

5& -F 	1 + 

TOTAL 	BIÇA73 . 	5% 45% + 	4, 9 9, + 	1% 

EASUREMt1iT 

± 	2% ± 	2% ± 	2. ± 	2 
EsTflir&S 

CALÇULLTXO11 
ERROR 

HAX 	ERROR +3B% 	ti +2;4 	to+2,€% to-12 25 e 
ESI4J.?R5 4 

ACTUAI. 	REtrrTs + 8 4 	7,5% + 6% + 	4-5% 

Tabie 2 : Errar budget 

The fi.rst. bias taken int acc.cunt cor1cern 
tie ca1ibtioa f the',  Source itaLL Phe 

'Yf ':t4b.Le 1 we nbtalnèã. usitç tbé 
Labphere dphere ca1ibraion and rhe GSFC 
huiiaphee a1ibrstion. The GSFC zseasurement 
o Lhe s~re shows a +2% to 5% diern 

Istive to the .Labsphére sphére . ãiib;atiçrï,. 
dp*ndinq õi' waeiength:: 

'rhe second bias to cansi4ei conerns the 
iinaaity is.ue O the ano handj the 
tunctioning point cf ,  t•he .8phere as' iot that 
wbeze the spheze we s calibrated which La of 
oosiatence i.f the sphere is not pezectly 
linéar.. On the senond hand, the radiance leveis 
oL the aphr ac1 n of the heinlsphere during the 
epéxímenE weké not strictiy the .àine. hich 
ou1d h~ resulted in n sliht Sias iL 5'OT2 

departs fzoin a pereet1y b ax1Qu. .• 
linesity analysIs showed that. non .iinearit.y 
oan account 1.o a 1% levei bLs. 

•rhe rseasurement errora have been estimated 
ta- tb ±2 le'ei peak to:peak. l'hey take int.õ 
acount the. various temorai instabjlLtjes o 
the 'sources and. õf the MAR i:Pstrumént. 

The alculation errrs., whih inciude the 
reduction proess oi the irfiages  to obtain an 
erage output sigijal and the yaioU:s 

caiculation atepa leading- •to the equiralent 
radiance vüiUe L from modela of 1. (,) and .6 (X), 
have been ast±mated to be within a ±1% levei 
peak to peak. 

In' the error budget of tale 2, the 
measurament and iculation errors h5ve been 
aummed -quadratical],' and addd linearly tç the 
aigned total Sias. Thia resultá fo.x aach 
sp.ectrai barrd ia a range pf expected 
discrepancies. between tte values af the SE'02'2 
absolute caliIratinn coefticiant8 A obtained by 
the spbere . P(sphe.rC) or thehedsphere. 
A (hemisphere'), which can be cornpared to the. 
actual resulta, -takeri as tha esu1ta of. table 1 
average4 over the two lRVs. 'rabie 2 shows that 
Lhe. actual. reault íLti isargtnafly the eirp.ected 
error xar1g, with an overail tendenoy o the 
discrepancy tõ be higher than eeoted, as if 
sri add ii itioai bisa 	iin or 	knciwn anglo, df the. 
orcier of 3% 1. exi3te4, 

4 - SPOT1 - MOS1 INTERCALIBRATION 

The purpqse of this e.xpe.risvrrat, dwtailêd in 
Hen.ry %ind Begni, 19, was to deternine the 
HOS1 abaGluta: caliItation ooeffi4ents .uaing a 
simuitanèous MOS/-SPÓT nbservtion over ao 
appropi&ate site 

The :fl1y  possible sites uLfil1ing the 
criteria dacri hed ia :aebtiori 2 are sandy 
deaerts or anowy .1ain. Besia, they have to 
be in the vis ible range of a:  1tOS1 chaervat.ion 
centre (SPQT usmn4 t% on-board reoorrMtr). 

The calibration ei MOi na.ing SPO'1 
Oaiib.ra.ti.on cce jen,ts was pe.rfo.rmed, 
aecording to these requirements, c.ver a anowy 

r8a ei MANCHURIA .'on February 16, 19.. 'Fbe 
images have. been reccirded ..by MESSR2 and HRVI in. 
quas. vertcel vtewi.ng wLh 5P0T1 o.rerpa'islng 
Lhe si te 1, min.utoei 5ter nósi. Close 
000peratiCn batween NASflA aTld CÉ'95 IMor aj]je.çI 
i . uccesaftil peration.. 

Cornmon h,uogeneous ares as: bean slected 
over c5 (Shout 4 4 OII Td th 
radicmetx&ç avarage has b5e'n csiculated for 
eah spéctrl bancL. 

The flRVL absolute .calibrat.tDn coefficients 
have been tioimputed for the viet.ting date using 
available data in CNES C0ing'uixard et 
1988. .They allo tu ete±mine the quivaLeRt 
radiance ef the scene 

Te 1RV and M5SR apectrai bands are not 
entireiy idèntici, the HRY ban5zea being 
XS1 [0.50 0.5tm3, X52 0.6 0'.68 pm i XS3 
Ç0.7 - 0.89 un), while tbe M$SR bandpassãs 
are Bi (0.51 - 0.59 ILm],, B2 [0.61 - 0.65 
83 -0.72 - 0.80 prn), AUI 84 [0,.80 - 110 pzn]. 

Assuming no change in the :0b5eVed 
reflectarrce dring the 17 ninutesdiference ín 
the overpasses ene - can derive thei equ3vaint 
radiance at -the entrance oí I!ESSR from Lat 
es tiinated by SP)T. 

7.ccording to their similarity, direct. 
contpar.aon £. s possibie between 52 and XS1 B2 
and XS'2. Thus the X'CESSR eqaivsient nadances ia 
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these bAnd.s can beprotided by 

IMESSR - L iRV 	 (6) 

For 53 one cán dduce the eqúivalent 
rad.iàncé 9 roin the oremeasuzed inXS2 and xS3:.. 

For 	%d•4 tio SPO' te.asureuent -haa to be 
exbrapoltd to 1.1 mis. A computatien using the 
spectra1 zeflectance 'õt sno, the speàtral 
solar. irradiaroe and the. spectral senaitivit.y 
of both i truzfnt as a ffunct4õn o.f wve1ength, 
provides the failowing equations 

Jcoa 
0.49 (LXS2 

+ Lx$3) CØSISHRV 

_ 	 CQS$S4ESSR 
LB4 - 

089 LXS3 cosOsHRV 

HOnG the MESSR2 	bso1ute calibrat-ion 
cOeffiCi6ntS cari be dtTUfle as Ak. = x / I. 

he t1E$$1 absolute calibraPion waz açhiswad 
by An inte.r.conipa risón between ttie. 2 nstrwnént8 
rnade on the ame azea (over NAGOA) recórded 

1tanOuaLy by the 2 MESSRs or Feb. 2ff 
1988. 

Table 3 giveg the S pori MV1 ca1ibaZi011 
ôoeicerts üsed ii this intercompaison. 
rabie 4 gives tha MS$R absoluta c1ibratiQ3 
àõeicient as dsrivd freio SPO' HRV1 and thé 
ME59R1.19E$R2 coefficients usecX to performed 
the o1cu1ation. 

Table 5 qives au estimate of the error 
budge.. cording to tiibie 5, The figt's for 
the interca-libration aocurocy ran ge freio 21 to 
81 dpe1dinq on the apectral band, thu1e the 
abso-Iut àccuaey. obtsined for the MOS1 
absàlutQ oeffiient ranges freio 6% te ).i%. 

- .XS?  

o.4 0.347 Q. 541 

Table 3 	SOT1 URV1 4bsi21 .uté c1ibrtiôfl 

coeffioients 

31 82 63 5 4 

*S$P.2 0U7 0,316 0.266 0.337 

iEssR1 O4i2 01Q 0.272 

MESSRII 
0.985 1..Õ62 O.78 0.923 

able .4 MSSSR absolute calibation 
coefficient as deciuced freio HP.V1 

calibratiOn. 

1 82 2; ~á 34 
(%)  

Mguant 	CCUCy 1 1 1 -1 
Methed aeeuray 2 :2 5 a 
AtsphLzic 

	
erfecto 0.5 Õ5 0,5 O - I S 

Soõ 	4ffnct7  

SSOT/MO6-1 

aeuracy .2.3 2.3 5.1 6.1 

3PO? 	coBfficient 
6 6 6 

MF-SSF.2 	Coef f icIent 

acuraay 3.4 E.4 7,9 1.1 

SSR1/l.iS32  

. --T irttprcali'rtion 

acclacy 5 5 5 5 

rrss1 	cõa.tZicient 
aac*ir.acy a..i :6.1 Sk.3 11.5 

Pable 5. Absc1iite alihratin .eilens 
arrer budget 

5 - soi - LANIIsÃTS ItTRA:LrBPATIoN 

Thia intarcomparison was doneus±ng grotrnd 
t.ruth civer the Frénch e.est e.ite of LA CRJW 
(South-East of F raãdái. 

Inhat •ase tise 	beati6l ioehd hai3 
conaitd in neaaüringthe tt 	1ctano and 
the atmospherie para eersd13flg 	satelliie 

tive overpa3, then Áppiy a radla 	transfer cede 
namecl "5S 11  (Tanre et ei, 186) ø derive the 
radiarice of th.e cite viewed. py the tested 
camera, Radiometere adspted C o ..SPOT .  spectrai 
banda (Guyot, 184) we.e u to.detêrriu.iie 
round refiectanca. The atniospkeri smtrs 

wea avaluated by adc 0,0ing íata for water 
content. and tb1es .&ere Lci £gx. the O zone-

ex%tent CLoadoa, 1976 ? aeEQsol opticai 
depth .w6s deduei from Langiey plpts using a 
p1otornete3 deíiáloped by LOA .(Lborateixa 
d'Optiqie tinospherique, •LLlie rance) takirg 
ixsto aOc0unt a contnentai niodei. accordiig te 
LOA me6surectent'o. .• 

T-wo campaigr 	wre dçe during .Ø CoSuflOn 
overpasa (Sept. 30 and Oct,l6, 19.'89) 	The 
resulto are - dísplsyed in tabl4 6. 

t'he Last rom in tobie.6 ndieates. 'FM/flRV]. 
intercalibsíation for tbe n ominal analoqJ,e gamo 
of SPOT LANDS1tT having no vaabJa. analogic 
gain, whioh- i.Of -better -interest te compare 
similar images Õ the 2 inst±oeftts 

As simp3.e modais were used to ' -determine 
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X52 X3 
ar 332 ot 	3 ar TM 

qo-0-19e9 0.40 0.315 0.525 
SPOTI 

0.320 0.;53 

r'ean 0,419 0318 0.526 

0-10--t.9P9 D.619 0B59 10 
5 

-r..-99 0.664 0.865 1.079 
6H 

tm 0..7Q 0.862 1»173 

TM / Ak UV1 1.46 2/71 2.03 

Akfl6 	.1 - 

VI 4 .64 0.. 95- 1.24. 

Tpble 	SGT.1, t4RVl and LAWPSATS rol absolute 
calibration coefficiant d.etrmiited over L?. CRMT 

2rencb test site. 

agan 	riidlam.tztc 	iiiaq 

•tiu 	•Ítiiat. 	SPOT 2 

49... 	radiaaqtaLc .iaaq. 
eutput 	.atlzat. 1rH 25 

Ati.a..pbori.. 

5993Ukra9flt$ 

-  watar v.pour  

- 	a9ral. 

- 	roneant eUats Q.5 

2-.$k  

Soi.ir 	0.r*diaø 

- acup1d 	witl 	spoat.1 

bsnds 	uncortai1.tsa) 2% 

Sø1.r 	anglos 1.9 

QIL. 	 •dt,c) 4 .L-9 

aerosol opticai thicknesz, th-obta.nedva1ues 
õf ab5O1ue cali-bration -toe ~"ficiãnts for the 2 
loat4olLites ma»y be nt ve,ry acou .ratç, but the 
resulta of ,  the mntarcoaipari:cn •('kTM / 

.goõd. 
The results- àhow & 'good stability af tie 

meaetrersens (i.ess than.2% variabiiity). 
ehe arzor b.iget for th interca1ibration, 

,hare orily differentlal 	tórs between t1e 2 
irtruntetts are t-akn Into necount . , 	.3 

prEanted in rabie 7. .The -çve-rfl accuracy is 
htu estiiwLed to be 4-.. %. 

£ - -SPOT1 - SP0T2 INT!RCALIRÃTXQN 

The intercowparson betw.eerj S'OT1 -and SPOT2 
was nona by-  N gtound .truth cmpa4n per:formed, 

- du-rLng the SPOT2 In-3;ight seóment period. 
-o-ve- the White- Sonda teat Site by the 
Ltnivetaity aí Arizona teaon Condo e ted by 
P $1 oter. Theae. - grourod z0eaat3-ernent$ were 
pr-f4rmed õn February 6 and 7 (1.990) 4hën .SPOT1 
was oerpaasing the s.tL.e, a nd oro rebrqaryi.9 
and 20 (199.0) dur,tIlq a SPo2 overpas. They 

ioed o eterjOi t.Ie in f líght va-lues. of Ak.  
for SP4)r2. Thi* ,ntïtd- was pre-ferred to azo 
e3ctzapQlat-iÓn o! ,  thé p1.ef1irt caIibation 
sar.ce SCOSiUvíty losses appea after la.unéh 
and uri-ng t.he firt days .00i crbit, certain1y 
due to band fi.1tets asing (Diroguiravd: et 
ai.,. 1.988) 

The H(V. testec.l wre foz S1OTi flRV2 irO the 
Panch-natic rnoce jiiid HRV1 in .the muLt.íopecr.a1 
modt whiie Itt was káo reversa Lor SP2 .URV1 
in PA ad ftRVZ iá X). 

The absolate ciibzatLon cofficjén.ts for 
the HPVS which havo nor bjn. testd over WhLEe 
Safld3 were -obairei toy u.oii i:nomn imge 
taken., a t r. . lif samn tiri, over li-l ei tiame area by 
thé 2 .%PQII caaoerzn.. Sezerai ima  e cup1es 
zearded ovet iazious. areas (soiow fie1ds, lerge. 
itLes. or desert aIiowed, b hst4$grano. 

.conparisori c  otiimate t . Ivá. rJ.tive 
aé nsitivity between UP.iTl and. URV2 for SPCTI ad 
!rSPÓT2 (Dinguirardt ai., 1988). 

-3he re:s ~últn,à 're tIveri in table 8. 
White Sanda absolute maaSuretYIerot.$ h09•an 

esi-mated ao uracy o. aroUnd-5 % (see tabie 9. 
This acouray -added to tfie HEV lnti0000pari3ón 
-One around 2%1 1eads ta azo ovGr1i accuracy.of 
±. 64 for the deterTninat.ion of t.he abo1ute 
caIibraiox1 aoeffi-ient3. 

In paraliel, In the 5a5O way es toe 
intercomarison SPO.-MOS, comroi images heve 
been taken the secarod and thtrd -dáy,s after 
SPOP2 1aun±, wiie SPOT2 was or a- tr.ansitory 
*rbi.t. This experiroent is atill under .atudy and 
the resulta, when aiail -abie, wi:l1 be pesented 
In a forthcomirig pper. 

L_ 
VA-  xa i xs 2 x a 3 

ERV1 0.580 0,492. 0.335 0.521 
SPOT 1 

5RV2- 0.590 .507 -O388 0.541 

ERV1 .0.180 0.5ï7 0.424 0.754 
s20r2 

- ERV2 0.505 0.372 0.420 0.738 

Tahlé -8. -Absolute cãlíb ifa .tíon toef.iciens for 
SPOT1 and SPOT2. 

$POT-LANDS?T ERROR BUDGET 
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Mean 	radioaetric 	irnag 
output 	e3t4mate 2% 

Ata5háic 

nants 3.7% 

Rf1Dtata. 

sol.. 	irrjané 

SoLar 	arga 	r1ding 

nn 	Iámbartiàr, 	âffects)  

O1'ÂL 	(adrtio) 5.2 

2abla g  Wiite Sands.rtëasuroznent 'ror budget 
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1'.tmoaphAric efects on sateilite izoagery 
Correction algorithrns for Ocean Color ar 

Vegetation monitoring 

E. Vermote, D. Tanre and M. Herman 

çt Ipjqu6 	 'das 
Scenoese Techi,iqies da £JU 	 Aro1s 

'Vilenutre dscq, France 

Nberem water is. bIac.k") can be used te 
estimate the aerosol perturbations and'ret'rl'ee, 
water rf1ectance irF the visibL; 
land/vegetation 'ebse'rv'ations, in whteh case 
there is no direct way te estinate and correct 
data fram aerosol pe'rtubation and where 
mei1remen'ts are just,corretted troe thé well 
knawn :malecuir influenbe, ând from gaseous 
absorption, usang cUmatologic estimates o.f 03. 
and H20 int'egráited 'contente. 

MODELLI W 

ABSTRJC1 

Eart.h 0bserra.t lan Sat'all ite data gnnerafly 
have. to be có.rrected trem t .he atsphèric 
perturbation in arder te provide measurementa 
relevant te' earth surface properties. .A •simple 
sôherne ,j,:  proposed tha.t take loto. sccount t'te 
perturbing' atmosphere in si . mulatí. ons nf tbe 
scat'tered sunlight as ob.rved trem .a 
saieilite. The sch'eme ta'kes. foto 'account 
gaseous absorpti,on,. molecular and :r,oeoLs 

acttering, and iLiustrates Lhe impÕrtance •of 
the, atmos'phericz perttirbatlon in ep'aceorne 
e1servattons. rhen, by u'sing this madel, 
systenatic corrections of •.çateiUte data, are 
nvestagated Two prob1ms re cons.dered 
acean' calor. rnanitonXng, 'l whic case 
.meaauxements ,at near inirared wavelengths máy 
be used Et estirna:ting aeros.ols perturbation 
in the. olher channels, and earth' ÇàutUce 
observation,s •.Eot 	gotatïya' cov.er rncinotng, 
lo which case :the satell,ite e 	wetseote are 
ju.st 'corre.ctcd' irem 'the known mo"i.ect1'a'r 
irif'Ïuerite. an 	•froi ,ga'seous çont'ami'nation. by 
using 03. and 920 :climatologic. ezimab'es. Linear 

r 	 rn corectlan :aoriçh" are devl'oped and the 
curcy 'of he .ded.v'ed proçuçts is ,ó*tred' 
the' errara i,n the tieed ócean calor' are 
estimated as a funct'jon of viewing cjoomet'ry, 
anoapherie.. t.urbidity. &erosols Lype, and wlnd 
ve).ocity ter the case 'o'f: oçean õbsery'attoí -Ls. 

I,NTIODUCTI'ON 

'sateijjt'e, meaauremet5 are ah XmPprtot Leal Lo 

suS'eytha..earth sytõn Whethcr o.r riót ane ia 
ln.térested ir tha atmosphere, one' tias te deal 
wlth ita effects 'when esing satelilte data. In 
arder te obt'a.i:'n measuremerita zelevant t 
surface propér.LLes 'its necessary te •correct 
'th,e rei ecftartee At rbo L,ep et the .mesphro. 
'0P.reflactance., trem tmopherio ,e-ffects. hi.s 
correcUon is necessary' when looking te compare 
meaauremehta performed at' differèot. tinia andjdr 
aL di'fferent •piaces manitoring aZ 
cover ar when looking 'for a quant.tt'I"e 
estimate o'f parametera deri'ved. from apoctrai 
signature (cg t;he ch'lorophyll contenta in oean 
colar problem). Th'e problem :°f  atm'ospheric 
corréction is empha'si'zed when .using larga fi'eld 
ni view, sensare, and In Ocean adiar monttür'ing 
when using short waveiength çentered channels 
(eg'O,.45am), 
This papar firat describes Very brie:fly the' 
atnoapheric ef,fect modailing uaed n the. 
radiative cadê. S S ('Simuiatton of Satejlite 
$ignal te the Solar Spect.rim") developed b'y 
Tanre and ai. '(.Tartre. 1986). This nadei aiiows us 
te estiznate atmo'spheriç.é ffects and te 
eÏiborate rertion strategy. 'Twa operatiorial 
correctiop methods are presented: ocean calor, 
In which case measurement in the infrared' 

w'j:tl-un. the si'griai 'obsèrved in' the solar' 
apectrum by' 'sateilite sensora, bhe atmaspheric 
and a o'n tapo ctributions are 'mixed. Te' 
retriave Eu rfce, rs'flectánce, cerrecti'on taki rig 
accoun.t gaseoes absorption anã. molecule Anda  
acresci .scattering, 'tias te be appli'ed. Eour 
gasesabso.r'b' 'ra4i.ati.an 1f1 tie solar' spêttzuni 
(.lS11rn ta '22)lr}, 02 and CO2  wbich 
concentr.atJans 'are s'tab1e l'n time and .apace, 
and 03 arid H20 Whj'ch 'concdntr,atlonS are 
'ariahle 1th tÏme hd spacd but c'ar be 
estimateil troe cIimato'L'ogic data .tLondon and ai 
l.97.6 Tiiier and ai. 1.966) 'The jofluence of the 
malecles, or Ray1e-igh sea'ttering:, Is wel]. 
known and may ba estieited 'abira.te1y LC ground 
prassure, is .known. 'The- aerosoi .sca'ttering 
pr:epertles va'ry sccordlng to the 'kind ei 
aerosois, and o1 cu orse wtb their bUrinice 
Th aeróo.l', scatt"ering 'pà'rameta'rs are vari'abIe 
in, time and. apace and 'a climatol'oqy ai ,thae 
p'artíc.les is rtot w'el,l ,stabUshed. 
The modell'ing af atmoapherxc effects can be sue 
up by, a vary s'imp'le equation or which Lhe 5S 
inadel ia based,. The.reflectance at the top o-f 
the atmosphere, p', is givenby 

= Tg{p5 .+ Tj— ) 

Tg': 'The gaseoca tranamission on the double 
path within. €he àtmaspherê.. 
1': The 'total atmospheric transxni.ssion functíon 
on downward and 'upward.path 
Pa The .ntr.nsc atmaspheric reflectance 
observed a,t. TOPi' when 5urface is "biack 5 . 

5'; 'The sphcrl'cai albedo ef Lhe t'tmosphere' 
'(m'uitipi.e sjrfaroatmosphere  int:eraçtion-t). 
p: The surface refiectance'. 

CORRECT1ON -SCREME. OVE R' UND' iu1'AcF 

Princïp'i. 

Figure 1 iilusbate's the ,expcted atep,s,he'riç 
effets ove--r- vegetativa aover, 'For a typical 
apect'ra,l signature ot vegetativa cocer, .we 
simulated p, for Lhe f,óúr çhanels ef SPOT.q-
VGT ('Si centetad 'at 0.559m, B at OG5jhn, B3 ai: 
O.6SLm and Mir. the '.Middle I'fared •hahnet, 
centered at i.65m), .f.r a. nadir v,iewing 
observ'atir anã for an edge of field ef v.i 
observátjon. We also simu,Láted Lhe correction 
p'roduçt, 

 
.1. c: Lhe reflectançe. p 

corrected irem gaseoua abso,rpti'vn and molecular 
scattS'rtiig., 
Sisiulations are rnade fax ,a 'moderate àervs.v.1 
content corresponding to avisibility V23Km. 
Tbe, major etfects are the 'molecul:ar scetterl'rig 
In Lhe v.isib'l:e .channeia B1 and B7 nd the 
gaseous absorption' in the intr&red or'es nnainly 
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The co.trected refiect-iuice Ps3a:ero,.oli' 
corresponds 'te 'tbe s'Ltuation depicted in Flg 
2h.' Thua tiisi 

	

, -asa~ 	that Lhe 'ae-rpsõl plue 
ground .aystem is lanibertian,. accoiiirtg' tp eq 

Paaerósoia 1 .,given by 

where 'Lhe subsccipl R  reter's Lo mol'éculat 
te'rnis. The. error' budget'- 'developed In 3.d) 
shows- tbat' we- can conaider 1 
1herefore, accoring ta eqs 021 and .02),. x.he 
corrected-ref.lectance isa linear function ei 
lhe: obseryed radiancie (or-digital count),,ie.: 

3,80' 	500 	909 	1200 	500 	1000 

jgt1rft' '.1: ' mospheric etfects on veotaLfve 
càvr Solar zenith angl.e 30°. principal plane, • 	. 	 . Continental )lerosola 'I/isibili ty23ks, p: 

- 	 • 	' pA (obsezved w 	
*

.ith v'Ó'), P2: P A (abserved • ,nh 

H20"-in l30•. •n thrs "case s - tho part urbing effect. 
of aerosois is not -very hiqh (compare ,p 5  and, 

becau'se the -lt' abündanc.e £5 st.t11 
reaonah1e for a horizontal vis! bility .q aboUt 
231Cm,. 1otice the arge efect of Lhe atxuosphere' 
'p ï.egetà'tin inde, NbVZ, wh,i'ch L 
•generally thought no C 	be atmos'phe'ric 
5ensitivé.' 
According te Pigure 1, considering Lhat Lhe. 
óorectLon product, i,s gener.aliy - near -
trem p, we propose' to just -correct p*  fm 
ayieigh sçattering and, f -r,om gasecus aksoptiori 

'effects that are .'krbw 'ar may. •be detied -from' 
,cJ.imatoïogi-c data.. Óf course -as e 
atop, thé corréctad d, PB'+Broio1i may be' 
ixiiproved Lf some intormation abotit Lhe aerosol 
-:content. is avallnblé. 

Formaliafli 

Le't 
'
ui consider that measurernts'correspondto 

Lhe aldealu  system pzesented figure 2a lhe 
.equivál; ánt radíance õbserved .by the salelllte, 
L, (dir,ect.iy connectec( to observed digital 
aount though a)'jbration- coe'f'f,ic'ient) is- 
lexPreSsed by 	 •- . 

(2) 

. where.i Ea 1-s*thcoLar conatant integrated àver 
tle -spect.ral .band and ,jJ. the -cosine o.! the 
'solar .zniLh .angle.. 

Mo'I\ 

 ./%CrOSOIS 	flj: 	' 	 " 	Acrih 

JO  J$Z 
• 	Figure 2a 	 Fi:gure 2.'  

Ps'I-rro5ols 	AL*.411 	 (4) 

wh o ra A and B are 'qivnn by 

___ 	 —. 

(5 

B PR 
- 

Operational. .i1gorithrn 

catcu1at1õ ef-' Ok and..fl the corrê,ti.on 
paraisete.rs A 'and B, depend -on quantities which 
•exa'ot coreputation is, ie consumleg 4ga.seous 

u.sirig 'Iowttari. - 55 inodeil -ar 
insufficientiy accurate (p AIth 5S) A apecial 
eftort 'fia' .been. devoted on calcuiat'ion o"! 'Lhe 
PR anã T.g teris's, l'ook-ing for a çomrom'iaç 
betweon accuracy' Pind minimiz'at'on o'! Lhe 
cortpu't'ing i;inie• - •' • • .•...• 

For ech ser (wareiength response) and for 
each .absórbing :compànetit j: (integrated çontent 
U0. ths .gasetivatr.ansmi'saion', Tgj 1 ,j hat.e •been 
e-ai'culated u by- 	s,inq the. semi'-empirical 
expressi.on: 

Tgj= i'+-aj; LTjx 	cIJjM 

whe're 01 is Lhe -total optica.l PjkW ,tbat is 

- 	11j4g. 1 1/i. 	 ' • , 	(1) 
wjth t,, thé -cósine o! Lhe- view eflLth'.,angl.e 

Vhe parametera -a 1 , j, bj.,' .. -ci. j.  hav.e ,i,een 
ca-Lculated by fittitg' Lhe results dE 06,) 'Lo 
resulta- gi-ven •-1y 5$, - b-y -  a-- least ,'s,qua.re 
criter-lon-. The'-' -ccinpar-i-son .-.cf- , the' 
calculations is'gi:ven -on Figure. - (3 -)- for' Lhe 
channelB3 €r sygywhe-re. th•-bsoxpf.iõn e,ffé'ct 
is- moat -itnpo'rtaot (water vapor). - 
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.Tg ; (5S) 
L854- 	._..._Tg (FIO 

o. 

O 	5 	10 	15 	20 	25 
MxIJ 

Figura 3: cmp.risn of gaseous tranamision 
E tr Tgq2  ,caluiafed by 5S and by formula 

167 (r ? cinael. 

TJe -PR c,Icuiat,on s done byy usinq a semi 
ènipirical formula hsed pn the Cha'ndase1di4r' 
Xi,! funcions (.C,draaekhár '1960) 
computation time is vr'y 'low, and compati's.on 
wit 'h. acur.te resulta' deri-ved' f tom the 
Sucçessve O,rder o( 	attaring msthod Cpeu.ze 
19S9a) ahcw, 	that tha; .'accuracy .  of •t)e 
calculation is correot; lhe absoluta accuracy 
on'p5 i'sbçil Ler 'than S.1,,0. 

lhe tr-ansmtssion term l :tS derived (com tha 
stream 	 (Z metiod 	dunkowsk. 1980), Lhe 

.resiilt'ing eÇpreSit3n is: 

TR(14= 	- 	. +-  g)] 

lhe absolote accuracyis better than 10.. 

Ue of Interpolation mef±oda lo arder 
t& acceiera.té the, cõrrection proceas. the 
correctionpaameters are. not computed for eacb 
pixel, of the i'mage. They are interpolated in' 

and sP:a 	zoa 'a 'eet of pra calculat'ed, 
rida .of' the A nd B'pirameter5. A apeei-flc 

study develõped 'for. $2.Q 	(Vezinote 1990.1 sh'ow's• 
•that êrrors 6B< 1.10 	and tAIA < it may be 
obtained by l3aing iiterpolation' grlds 
corresponding t,o a data 	torage of 25 
Negabytes, suff-icient É o 	one' .yea-r of 
cor recti on Withdut reca1cu1atacn for the four 
chanríeis: af S?OT4-VGi. Id havé a more precise 
idea about -this wGrk, iabie '1 indi,cates the 
resoLution. in apace (number of dagzee of 
latitude and iogitude betwéen twa point,:s' õf 
ana lnterpol'ati.n 'grl4) and in time Inumber •af 
orbita between two interpolation grids) adopbed 
for each'S?.0T4 cha'flriei'., 

Error Budgét Any data .procasslng 
alqori'thm must be associated with a dastic 
errar budget. lhe -correctian acheme ('ie: .basic 
eq. (3),-using anaiyticai formul.ations for g 
(Chand.raekhar 1960.) -lg eq.'(B), and Tg 
eq.(6JJ is intended to be: run f.dr ar aasumed 

TexçPotal 

-_ 
SpatLil 

interpoiatlon Interpoldti Do 

mcp iii Tcmpor.iI Siep Siqi Spalial 
orbL 3tupo1iIoe in n lnterpoltlion 

mimber EneãnA lHuitudc I,oniiude ErroTonA f 'i) 00 0.75 1.5' 2' ___________ 

2' 1.40 

Atap $0 5.16 ..S' 2' 1425 

MMir O 

Teniperii 
lntrpoIoo1i Interpolítiotl 

EnerrnB fim OOB 

BÇBII 370 0.86.  

490 .1.00 9.0. 2' 1.00 

B453) 000 . 0.96 1 	12" 1 	1' 1 0.62 

,bLei:F!attal j tkd t 	,or.11 roo1ut.ion ef 
bllerpo)sL'i'on gr.ida, ,lzitcrpølaL(Qt3 iccuraCV, 

baromctric p'raa-9iUr'a !902'0ma't. 	grou.nd 
itLtude ,z'.O, amd for çiimatolo,gl,c val.ues o! 
Lhe ozona and'watr vapor contenta. Erro.rs are 
induce,d ar, :5JJ 1cve1í, from Lhe ba5. -eq (' 
to Lhe Interpoi'iitLon pr000sa: we inust aiso' 
considat the uncertainties on parameters given 
by cli-mat,l'uq1c tables (3H20.I Úp, P.,). lhen we 
ca  -d')stlngulsh 1.hree c1 ases o.f error 
sou 

ti) modë3 ,E t'nt erro.ra 
Lha't ate due tu Lhe uj'e o 1 Lhe ,appç'oimate 
•eqs. (6) and, (9), 'approdrnate forin!,L!on o! 
P.R.. and 'baste éq 	)i) 	because Lhe 
aeroso1ssurfaco syst am is non lmhartlan) 
and to uncertalntles. on baaic corist,an't5 
(ie 	molecular 	anis.ot.ropy 	factor. 
specirOsøpic' const'ant's 	'n' 	gaSeOUS 
absôtption). 

Cii) djfferences between the assumed and 
the encountered atmospbe'ric parameters 
P5,UO3 0U1j 20.  

(i 11.) 	s,yste'matic errors, 	due, te t.he 
intarpalation echeme. 

lhe e'rro'ra. depand general ly 'on tha vi ew:i ng 
geomet,ry 'and 'on' Lhe ground reE1eL,ance. To 
evaluate the,se' errora', Lhe TOA refiectance,,p*, 
-and the 'ide'a1. refaectance 0s4aerasols to •be 
retrLeved were bai.ciilated, by the. curate 
Suenessive Oder o:fScatternq, cõde, foi 
different 'viewing condi t,Lons (nadir and edge 'af 
fiel'd of vtew), ditferent seasons and different 
áeroso.i corttents, by varyng t'he error source 
,tertussuccessiveiy within the:expected range.'of 
variation (ie:±10'% tor: spactrÕ5copic data,±20mb 
for, p5, . .1. lhe correction •a,l.gorit.hm  was 
appl'i•ed to p' and the resul was 'empared with 
the ide 	Psta:ernsbis va1'ue 	Marco-ver,, We 
dhoosee,VaiU'àte aig'orithm In n Lhe 
sarne way  that Lhe 'SPOI4 insrrúment pêrforinance 
are analyzed, because it's' the, mdst simple .way 
tu evaluate Lhe qualitir of the' final product 
(by addtng Instruntent and Algotiths nois,ea) and 
because we think Ít'a the more complete way to 
'd'êscribe the qualtty of a'image like produot. 
lhe variatjor of tho induced 'error is then 

48 



o N 

- 

— —. 

— ( " 

c~ cri 

"É Ér Cn 4_ 

- fl 

— — — — 

,r 0 <'1 

• 

ç., 

- 

—--- 

•' r-  '- 

— 

r- 
— — _ — 

o.  
- -- 

— 

.' . 

É. 
É. 

' 	 --a 

Ig 	R 
; 

. 	 t_ õ  
— 

, 

- 
• 	 -, .'a 	 •- - 

4 

—i 
o 

o-.! 	- 	- 	 •u 

---- 

,- • 	•.t 
É 

E 
1L 

• 
- 

• _J 

— 

- c. 	•-•--• 

a • 9 

',7 a — 	--•d ÉJ • 
'- 

, 

il 
a 

49 



FIGURE 4 

Atmosuheric Correction Error Budget 
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analyzed in term af temporal biases• ('temporal 
variat.ion of the error)., ià'w frequency 'b'iases 
(v;ariatjon. of' Lhe errar in Lhe field of vinw) 
and' Lhe non' variab'le part 'of Lhe errar L5 
ideniified as coristant b:iases. Eàr each 'clasa' 
of :error., .t'he relevani error sou- . r'ces where 
identi.fied according to Tabl.e 2'. 'and the total 
e:rr'ar was Lhen àalculáted y adding 1  
quadratic ali independent bj.ases lhe errar 
budget is just presented in ita complete fo.rm 
for' BI (Figure' 4), we give in Table 3 Lhe 
induced biaseff for ali ôhanneis át. Lhe. levei of 
reflect,anoe cor'responding te Lhe typiaal 
vegeta tive ' cover spectral signature presented 
in f'Igurè 1. 

Concluajon 

lhe errar budgt 'shows" that Lhe 'corsacilõn i-s.  
rather good Within Lhe range aI. typical 1.and 
observed re'flectanc,es, the Up.pe:r liinLt 'o 
vbIity we have takon is 23Km Costant 
biases are rel.ativei.y io'. tha Lo '1 requêncy 
biases, and Lhe temporal. biases induced by. Lhe 
int.erpo1ati.ori rnethõd 

'
a re ,negljgjbi.e. The aast 

important biase resla'lt 1 ram 'thd .vàrjabj',lj ty aI 
ãtmosphe'ric par'ametera. and Iran thè, si9nel 
mode.iling (a'ssumlng Ps+aerosóls is i'aribevtian 

An I.MPirbved 00'r'tocLion ,scheme. woul.'d nééd' more 
accirate 1120 and O, in.tegrated conte.nt.s and 
some, írifatmaticih aboul. Lhe' aerpsois'. but. 'is 
his case 'thq cotrection'method: wouid lie more 
time consurni'ng an isore d'lEI l'oul.L to r.evrrse. 
The main int.erest 'cl sucli a. r.e/ersible .rnethd 
without t.nà data is Lo proide a easy way 
Lo, çornparè. sateilite 'data; more,ove'r, Lhe 
cotrected .roduct's in most cases are very dose 
Iran thé .truésurfaceréf'lect'arices. 

0.0 

Pw 
0.08 

0,06 - 	
...._ 	Pw+RayIrihaeosoLs 

0.04 
	

130 

0.02 
	 !1 	11' 	

Mír 

fficrure 5: Decamposition. of p' for Qceai, 
obs'rvatíons (.with6ut giit1er and c.ecCed 
from aseous absorption).. 

OEAN COLOR ATMOSP}IEIkIC' CORRECflON 'ALGTlTIIN1 

Principie 

The influence cl the atmo,sphetc is ,the case aI 
seà Qbservatiors is i'iiustra.ted 'by figure 5:. 
For the .SPOr1-V3T Ocean mission, conipared te 
Lhe' vegetation nüssion, coe chonne.1 çenterod at 
0. .'45 Ilin (BQ) is added In arder te ev.aivate the 
wat,er tur.bidi'ty. ThiS c,hannel 'is larg,ely 
nted by Raylei'gh Scattet'ing: which 

effect varies as . lhe Spectral. dependance 
p1 serosbis can var.y frc X  
modeÏ) to (Maritime nadei)'. C]early. the'  

retrieval aI Pw is very sensitive te' the 
modelling accuracy hecause Pw  is only a minor 
part aI Lhe sgnaI p *  . But for Ocean 
qbservations. 'p is ru11 in 'B3  and 'Mie, só that 
t.he reIl.ect.ance's in these' channels When. 
'cõrrected ol' the RayIet'gh contm'Lbution. povl'de 
.Lnformati.on about Lhe aerosol Influence rhen 
these e.sti:mated fn.fluences is 91 and 'Mis cari 
be extr'apolatèd in. t,he vis•i'bie cha.nne'is 
(B0B,B2) is àrde'r có'rrect p Iran ali 
atinospheric efferts and therefore to ret,r,ieve' 
Pw 
In 'facL' Lhe retrieval process is not ao 
.simp'.I'e, i lci,erly 'beause of the sunglior. 
(Gordori 1 911'?) whLrh is due to surface apecular 
rf1ci'on ou Lhe' a.gi.tated ocean.. 'ALt)ipugh 
these resta) 1 s. ara noi'preseraied, si(rnaIatinos. 
pLirei iLh di'ffcrcrtt. wisd speõs show .L'hai, 
in a iéstricted 1tzone" iocated arotind thé 
specu,Lar re.f.lection geometry, Lhe siqorithm 
errar prohiblro ca'trcCt 'retr.i'eval cl p,. 

Eoiâli sim 

lhe cotre.at'ien 'str.ategy is dane in ,th'ree etepa. 
-First)y, Lhe observed .'reElectance.á in the 
fi'vo charahels aI Lhe 5P.0T4 0cean colou 
mls's'io:n ate corrected Irem ga'seoas, 
transm ÇSOfl, Ray)ei.gh seatteri ng and 
g'littë,r (Ti'i gl.'i.tter cont,rtbuticn, pc_ is 
ca;l'culated' for Lhõ''casc "of .a ' pure 
moi cciii ar atmc,spher'o and for a wind epoed 
af iOsa'fsoç),: aççording ia;. 

P. ='AL+8. 	 (9.) 
Wi,th 

A= 	 5 

trai. 
B 

Tgo 

-tivarti we estirsa'L,e the ae,uo'sel reflecta'nce 
iri. .the vls'L'bL,e channeli pVis 	Irem Lhe 
corrected data p1 	and p? 

o  J . Asuinin. tiiat 

Pv1 5  iaries aecorrtng to- a '' Iaw we get: 

"vis •fl 
2rrosúk = 
	 (LI) 

where ri I 'glven.by : 

PMir 

-Fina'liy, we corret p, 	f'ro,n p"1 and 
frOcu molecular t'ransei'asLon funetions 
(acrodal trarismiasi.on is put equal to 1) 
to t Lhe estirna'ted water ref'lectance' 
, peS,t 
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Figure Sa 
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Figure 5h 
MOL)IS Case 

Absolute error ou retrieied p. 
Marilirne cerosois 

Correction Waeeleng:h ai 0.7Spm and O.S5pni 

o 
v4$bflft 

o 
[ffTIIIie Z3kU 

IS 
vlsIb1I1t Suicli 	 V4$bi1lte 2U 

IiiÕ(NC( D( 34 OIGfIE •/ 2.lcr2  

o ..i i.io2 

IV1t11lte Sulu 

[j 

•=90.  

0=180' 

o, 

= 0° 

4 =270° 

53 



• est -.  .1 	- acnoLs 
Pw - 	 - 

wiLh 

C 

Sjii1atjor and ànalyaia 

By usinq the radlative code developed. by Deuze 
and ai {Deuze 1989a., p ás .simu-l-ated for the 
five channeis of '5P0T4. C.a1cu1atjons were 
performod fot di ffe'rcint wlnd rpei'ds. difíeronL 
Water re:flectan, dU.feront aerosol tyes and 
abundances Vis. lity ef 50 23 10 Km, for 
four solar zenith angles for 
view. zeriith angle va ,i-ying. Eram nadir to edge õf 
field and for ali azimuthal configurations The 
previous correction algorithn was. •applied oh 
thi..eto:f data, and weplotted ar colar polar 
gapis the makimurrt .fthe absolute réultfng. 
erro CD Pw e. rhé results are pe.a.nted for Llie 
case o.f a itLrne. aerosols on Figure 5a, In Lhe 
case of 35 (where correction is ha±dest to 
perform, s,ee figura •5. assuming that :the .wnd. 
speed j.5 known. Th  résuLta simw that the error 
Locreases .when the solar zenith angle and Lhe 
icw zenith anglo aro. .  i roa.onJ. 'The error aD' 

,p also incroases w'ith acrosol abunda nce 
fàr vjsjJjjjtjes ani 	han 23km, it bvião Imes 
veçy diffjcult to get si9niflcant rsu1t 'rhe 
.interesting polnt is. that the beat resulta. are 
obtalned for vi.ewing zirnuths perpendicular t 
Lhe sun incident plane For continental aerosol 
model, Lhe resulta tnot resented .here are 
warst, .due'to the fáct that Lhe .) 	behàvibr is 
not a good app.roximation fór thl.a kird of 
particies, within t:he. 045.tm to 1.65j.tm:  range. 
Therefore we studje the cerrection aloriLhm 
resulta, by asiuming'that One 0.7.51.&rn certtered 
channel was available as it will be pci the 
MODIS jnstrurnent) instead of Lhe l..65J1m 

nt one. which was ptimay :devoted on SPO'r 
to Lhe study ef mineral resouraes. rhe re:s.uits 
are given on fiure Sb. l'he absolute error is 
divlded by a factor 2 tõ 3 and tbe samë 
performances are now obtained with Cont:irenta1. 
aerosols, in which eaa.e reaults arow stLll 
accepta:ble ep -t,o visibl.li.ty o! lOkn and 
LncideÁcé zénith angle ef 45 °  

DICUsSIOU 

Over land surfices, the proposed correction 
algorithm allow.s to define a standard a 
comparison for sateilite data. The cgrrection 

ovea Ithe gréatest part af atmospherià 
effcr Tije obtáined product, IS 
iii most cases very cld se —  fronithet rue' surfa 
reflectance, and is im r .' ~able. provided that. 
data on acrosois are avajiable. This standard 
can be computed by an operationaI, linear and 
reversible aigorthm, which is associated wth 
i detai].ed error budget. 'rhis method is now 
appl ind at t.he. CS (Breat) te correct a large 
sei. o! AVIiRR visible channel data. 
Over. Lhe Ocean, we definéd a 
:correctjoh siheme and the simulatjn. ailows us 
to evaluate and compare the performancea for 
twodjfferent instruments 5P0T4 and .MODIS. 

To ponc1ude, lei. us focus on. the listit o  
atcnosphéric. crrections. As shõwn preriously. 
the. major préblem is probabIy Lhe estimate dE 
the aerosol effect. Better aerosei esti,nates 
are rieeded In the atudies af Ocean calor where. 
more detalled chár.acterizati.on o! the aêrosols 
shouid allow a better clé.terminãtlon à! Pw  ut. 
these estimates are especially needed In land 
surfaçea observations, where direct information 
.about Lhe aeroso.1 is Lack.ng. lo .this case, 
p romi sing methods are pre seriti.y invesligated,. 
that are based on examination o! Lhe contrast 
degradationir. sateilite uagery {Tanre .1987. 
Kergomard l89). 'rhese methods, however need 
high recolution censor. datá ao that theLr 
applicar.ion at a global. scalemaybe dl! ficuIt. 
Polarization iueasureaents may affer another 
possibi lity, that is. now jávestigatod .  w1th 
POLDER. (Polar) satLnn 	nnd 	P 1 reaL lurina 1 
Reflectance) - Phis instrumenL, whtch a 
prototype has been develped at LOA, is 
intended to rneas:ure po1..arization. and 
directionality of Lhe Ea .rth outgoing radiation 
Beàause. Lhe polariae.d light. reflected by 
vegetative covera does rtot depend on the 
wavelength (Variderbilt. 0.85, Rondeaux 1990. 
polarization measurementa could provide Lhe 
required aerosoi informatinn *ver land surface. 
Over the Ocean, the char.acterizati.or'i o! 
seroso14 hypoiariaa.Lion (Deire 19890) anã 
d1rettona1fty is expactéd: 

 

to.-  allow,  a.rtr1o.'a1 
oU Pw  reductnq, absolute errar by a ractor 1 Lo 
5 :noinpared wtth the " J-asIci" means. 
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ABSTRACT 

,..Recefl't enhancements to the FPRII (Forest. Penetratinq Radar) promise to mãe t1e 
system an excellent tool for topographic mapping in dense tropical forests 
Changes i  the processing circuits now allow the systeni tc, be operated at hlgher 
altitudes where it is less affected by turbulence and yet rnaintain a tngh degree 
:f accuacy. The "S" brÍd radarts beam width is ~ignificant.Iy reduced throúgb 
unique circuít designproducing a narrow :footprjnt on the ground. This has a11oed 
the sy.stem to utilize a smafler antenna Sophisticated navigational and 
positioning systems including INS and continuous kinematic GPS allow the system 
.errors to be mim iini.zed through post-flight computer processi ng. 

Some of these desi.gnenhancenients have been impl.ementéd and tcted wth:  encouraging 
results The reniaining positional correction is currently being implemented wlth 
tests over tropical. jungles pl.anned for this year. Thi; test wili. compare inaps 
produced from the: radar with those déveloped fróm a, detaiied groirnd survey.. 

1.0 INTRODUCTION 

Mappi ny systems invo]vi ng tlie uses  af 
.sensors •other than photographic 
cánieras are appeaflng 1.n: , .trp.ica1 
aras wth dense forest cover .  
Photographic sensors w . . ch operate in 
theviible portion of the spectrum 
are hampered by ele the natural 	ments 
(clouds, 	smoke, 	baze) 	and 	the 
1 nabil.ity .to, see beyond;.the tree.tops. 
Research,effõts have ;progresed over 
a number Of years with afl {ncreaslng 
degree.of succes. As the.accuracy.of 
the senor .inforration Improves,. i t 
becomes critical to know tbe precise 
conditions. ..ffectig 	.the ...data 
collectlon process 	li the case of an 
alrbore sensor, this refers to the 
attitude of the platform (roll pitch,, 
yaw) and the wçact position to a liigh 
precl:slon. ....... . 

Systems such as radar altinieters have 
produced. encouragjng. :resu1tsAdue. te... 
the ir hih senSjtyity and operat.1ofl. 
at mi crowave .frequencies. 	I1owever, 
they 	y.be.ij.14mite4. by..theneedr to. 
flyrelatively low wfiere there Is an 
increased... 	hood ofturbui encêand 
oniy having a coarseknowledge of..the. 
aircraft position. In other words, 
theradar:iysteinshavebeen relati vá] y-
accunate but.: they: processl ng and 
recording . infOrmatiõn have ilmited 
tliei,r overail success. 

The FPR2 system was devei oped ti, be 

part of an airborne tàpographic-
mapping system capabie of mking 
detailed maps.o.f the ground. bêneatha 
denso. 	forest... . canopy 	Zrhe. 
1 ncorporat.íon o? stataof-the-art 
positional recording: systes. have 
eliniinated niany ef the limitations 
mentloned earller and promses to 
provide an operattõna.1 toôJ for 
topograph.l c mapp  

2.0 RADARSYSTEt4:DEsCRIPtIO 

The radar provides. two recorded 
.outputs on a strip-chart recorder. 
Oneoutput ts: the di:t'ance from•the 
aircraft to the ground under the 
forestafldtIe ot,er s"' Ahé distance 
f rum......aircr.aft.tõ the for.ast' 
canÔpy,: aiõn9: the fi igh.t êaffi a 4f-  the: 
aircraft......Aftersuccesfuliytestlng 
the system over a tropical foret 
where the. annual rain fali exceeds 
3500 mil limetres 1twas :1dentthat 
the radar, wi:th the:addition of 
anc.iliary :equipment,'. cottld be 'a 
valuable instrument :as. an aidin 
topographic .mappi ng ?the ground . under 
tropical raih ,  -fórests 	A sample õf 
the output Dbta1ndis shn:in 
Figure 1..  

2.1 ladàr,  

The. radar transmits a O7inicrosecorid 
pulse with a peak power of 5 
kilowatts at a frequency of 3 
gigahèrtz. Thts ú1se dúrati'on is 
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measured at the 10% levei and the 
shape Is shown In Figure 2. 

At a frequency ai' 3 GHz more energy 
wiil be reflected, at times from the 
.groirnd and at times more energy will 
be refleeted by the folíage. lhe 
pulses froff the ground and thoso fram 
the forest canopy wfll be separated 
and coupled to a strlp-rhart racordor 
Any interntedi ate pulses will be 
rejected. Some pulses, becauso ai' 
varying phases .in the reflected 
erierg,, will be narrower than normal 
and will elsa be rejected, 

2.2. Antenna 

Operating at highor frequency than 3 
GPfz aflows the antenna to be smaller; 
however, 	but 	reduce 	foHage 
penetration. A lawer fl-equency would 
cal i. for an impractically large 
antenna. Tha 3 rilz frequeflcy is a 
good comproalse. 

lhe antenna: has a stepped parebollc 
reflector 112 centimetres ifl diameter,  
9 centmetres lii depth and a double 
dlpole waveguide feech The one way 
haif powr beam width Is 6 degrees, 
lhe.. aotenna pattern Is •shown in 
Figure 3. lhe antenna patten frem 
.the 3 db points to the peak has been 
redrawn ao a linear scale in Figure 4 
to nieke It easier to understand the. 
artificial narrow.ing described later. 

23 Receiver 

The recelver çonslsts of a radio. 
i'requency, ainplifler, a crystal v.ideo 
(square law) detector and a video 
amplifier that employs a pulse by 
pulse automatic gain-control. A curve 
ofa,•t-yp -icai crystal detector is drawn 
lo Figure 5. Sincethe peak o?' the 
return pulse will bé from the ground, 
under the. troes, 'from the:  forest 
canopy, ar from samewhera in between, 
the. action af the erystal detector 
wiul favour the -pea$c of the recived 
pulse. 

lhe 	transrnitter 1, 	moduiator 	and 
duplexer are comman componeots inmany 
radar systems (see . Figure. 6). The 
output- of the crystal detector, is 
coupled to. th.e.ampiifler and pulse by 
pulso autam.ati.c gaio control 4rcuit... 
The. action of the pulse by pulse 
autoinatic gaio contrai can be seenin 
Figure 7. lhe gain has been adjusted 
so that only the peak of the recelver 
pulse exceedç the base une. lhe base 
Tine 1 s then.restored leaving onlythe. 
peak di' the reçeived pulse. Tiis peak 
is further ampljfled and caupled to a 
threshold 	trfggered 	vo.ltage 

compãrator. 	Its output are square 
pulses leading and tralllny edges 
detérmlned hy the peak .of the pulse. 

Mafly .  pulses 	having 	varying 
amplitudes, were used to produce the 
photograph of the actlon ai' the pulse 
by pulse automatic gain control in 
Figure 7. lhe time af arrival of the 
peak can be obtained by tãeasuring t}j# 
time of arrival of both the leading 
edge and trailiflg edge and averaging 
the voltages. 

The efFective antenna pattern is 
narrowod since the energy.transmitted 
at the centre of the afltenfla pattern 
IS higher thanthe sides õf the 
pattern, anã the recolver circuit 
aliows only the peak of the reflected 
onergy to be present at the output. 

3.0 1NTRNAL SYSTEM IROCESS1N 

A sample af thê.transmitted pulse is 
a sync pulse for the . timing clrcuit. 
The sync pulse 'is cóupled throUgh tho 
calibrate and range circuit to the 
ramp voltage generatar. lhe time ai' 
the linear voltage change is long 
enauyh to be several thausand feet lo 
radar time -- tho time for a pulse of 
energy to travei to the ground and 
return to the aircraft. 

The ramo Vol tage gonarator Is coupled 
to sample and hold circuts (1) and 
(2). The lineárly changing voltage 
from thé ramo voltage gnerator wiul 
be sampled then lield. Valtage (1) i$ 
gènera.ted by the time of arrival of 
the loading edge of the peak and 
voltage (2) by the tralling edge of 
the received pulse. 

lhe trai li ng edge oftrigger circO 1 t 
(2) activates trlgger circuit (3) 
which generates a 20 mlcrosecond 
sampie period for sample and hold 
(a). lhe voltage that is equfvalent 
to thetime ofarrlval'of the peak of 
thereturn pulse Is howaVaiiable at 
the output of sainple and hold (3). 
Because of varyin,g pbases lo the 
return signal, there will be times 
when. the peak of the received pulse 
could be narrower than expected. A 
pulse leflgth filter measures the 
duration of each pulse froin Schmltt 
triggcr and enables trigger clrcult 
(3) only when Me pulse duratiàn 
exceeds a seluctcd threshold. 

lhe sync pulse derlved' from tPie 
swnpler is coupled 	. a counter (min 
10, max 100). To date, no Forest has 
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befl encountered that reqilires a corntt 
hlgher than 100. Thenwnber selected 
is the. number of reture. pulses to be 
examlned by the peak detector 
ei rcults. 

The voltage at the output of sampla 
and hold circult (3) Is changinq wth 
eacb acceptable return pulsa. Orie 
output of the peak detectõrclrcuit is 
the volta 9e that represents ths 
shortest dtstance. from the .alrcraft - 
the forest canopy. Tha other output 
is •tbe volta9e tht represents the 
furthast distancafrom the alrcraft - 
the grounçL Imiaediately after the 

rnplo and hold cicu$t ia siiitched 
back to .the hold mode., the peak 
,detector ch-cults are reset to be able 
to examine the. next group of voltages 
from sample and hold.clrcuit(3). The. 
output from sampi e and hold (4) i.s the 
tree tanopy and the õutput of sample 
and hold (5) Is tIe ground under the 
forast 

These outputs are displayed on a two 
pn strip chari recorder. Two event 
tarkers are avaliable to correlate 
oter sensing devices such as 
photngraphy ant positionínq.with the 
recorded output o,f. the: radar. An 
output from the strip chart for a 
analog to dlita1 converter Is also 
aval lable. 

A cajibrate and range circult has ben 
built into the radar whlch provides a 
means ofcallbratingthe output of the 
radar. The rahga Of the radar can be 
sw.itched in either 500 foot steps or 
1000 foot steps. The fuil scale range 
of the strip-chart recorder Is 1000 
feet when the range circuit is 
swltched ifl $00 foot steps and the 
fulT sale range: of the strlp-chart 
recordar Às ̀ *MO feet when the range 
circult is swi.tched ln 1000 foot 
steps. 

40 P0S1Y1OI MEASUR 16 EQU]PMENT 

A number of new devices are presently 
boi ng. Ihcorporated to enhance the 
overali .accuracy of the system. 

4.1 Global Position1n System (GPS) 

GPSsataflites have greatly increasd 
the potentlal of surveying instruments 
and fa'lrly coamion In afrborne surveys.. 
By simuTtaneously recefving the 
signais from severa] of thesateilites 
and through t ria ngulatiõn 
calculat.lons, it is possibie to 
determine the position ef therecelvor 
tn wHhin Ç - 10 ntroc In Xi Y au%d Z 
relatively aaslTy. Recuvers can be 
obtained from a variety Of 

manufacturara which are suitable for 
alrbprne instailations and rovi.de 
digital outputs fr reord1ng.. 
Knowing .the position of the alrcraft 
toS - lometrésijiXandYlsa 
major improvament and adequate for 
rnany survey applications. Howev. 
the radar proflling system Is trying 
to achiele accuraçies. o? 2 - 3. metres 
and cannot tolerate the 5 - 10 metre 
errar In the vertical. 1 táponent. 
Through the use . of more elaborate 
recordng and processng systems, it 
is possible to iniprove tbe aircraft 
positional accuracy te less than one 
catre. 	Contnuous 	klnematic 
recordlng o? tne tWS signal ecords 
the phase uf thé carrieriave and 
through subsoquent post-processirig 
aliows the radar antenna osit1on to 
be computed. 

Operation requlres lnstaliatiqn pf 
antanna 	ali. the 	aircraft. and 
cal lbrat'tón, Fi Ights must o.ccur 
during a. GPS wlndow wheri at. least 
four and preferabTy five satllltes 
are above the tiorizon. Four 
sateilites 	should 	reinam 
contlnuous contact with thérecévih 
antenna at all times. Loss of eno o 
the signais may mean the 'toss o? the 
eritical Z component and negate the 
mlsslõns' datacoilection accurcy. 
The aircraft should return tothe 
exact sarna positi.Qn as it bêgaflthe 
mi.sslon to c1ethe loop. 

1hls procèdure Is significantly:more 
cõmplex te operate and tinia cõnsuming 
te process ard corv'elate with the 
radar signal, however,1:trepre,ents 
a major isipravement til acettracy, 
elmminates the need for trácking 
caineras, and. 1$ consistent with the 
accuracy ofthé radar s%ga1 itself. 

4.2 Attltude Sensor 

lhe radarsysteni effectivoy produces 
a narrów bem through the circuitry 
described above. When tlie alrcraft 
is on e mision, It is reguTarly 
buffeted bY.  winds wliich cause the 
radar footprint to vary from the 
désired nadir pos1tiõn This 
mistracklng can be a source of errar, 
particularly in ruggad teti-ain, 
unlesa. a cóinpensation procedure is 
incorporated. 

Several methods exlst which can 
minimize the effect on .the positton 
õf the radar profile. Tftese range 
froni installlng a gyroscopIcaily 
steàred anteDita  to dlscarding tlie 
.Ilgnalb Oütside o1 a set tbreshotd.. 
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For the upcÕiing tests we will, be 
lncprporatlng an inertial navtgatlon 
sytei (:INS) capablá of digitaily 
tracking the alrcraft motion and 
dlscarcfing measurements taken during 
excessive túrbuience. Ali data sets 
Will be recorded oflIrngnetIc tape for 
subsaquent pr$eSslngand correlation 

50 SUMNA(Y 

The FPR2 radar altimêterprv1des a 
an recording of the distce between the 

aircraft and the tree canô and 
simultaneously the distance from the 
alrcraft to the ground under the 
forest. The recorded outputs are the 
forest and the ground along the fiight 
path ef the alrcraft.. Th-ough the 
additlon of statecif-theart position 
ineasuring and recording instruments, 
like. GPS and 1NS the FPR2 is á 
coniprehensive system for developi.ng a 
ground profile through dense tropical 
forests. The. specifications for the 
fPR2 are given beiow. 

6.0 SYSTEM SPECIFICAT1ONS 

Transmltter 

Frequency. 3..0 Oz., Péak Power -:2.5 
KWs 	Pulse Duraort - 0,7 usecs. 

Ra 	
, 

Pulë Repetition 	te - 2000 Hz.. 

Afltenna 

Stepped Paraboiic Reflector with 
doubie dipole .feed, Haif Power Beam 
Wldth - 60 con1.cal ,. Diameter - 11.9 crns, 
Reflector Depth9 crns .., Feecf extends 
34.5 cms: bélowrefiector. 

fluIIÍIIiI!IIIHuh1IWU'WI1llhI 
Í11IIillIWOhIJV4!' 

JI1 
E SE 

1 

I 	1 

pu LS. 
G. 2. 

RMS Error 

Ground - 3 metres. Forest canopy: 6 
metres - 

Operatlng Range 
300 metrs to 3000 metres above the 
ground. 

62 



1 	1. 

1 	11' 	iiJ 1i/ 	Fi 

ANTNMAP/TrErN 	 1 

IN 

LE.AR.SCAL. 

1 	
1 

11r 

1 	. 
- KMJTVO.TAGE 

1 	1 'It 

eSTALDTECTCi 
CURVE 

AI'I]).  

1 	1 	 1 onparat. 	r 	 Plitar 

anp1ar  

•--•--• .------'---- - 	 1 	 . 	 L. 
'l-ii, PrQ. 	1 Mlpitilr .n-3. 	 1 	1 

en 

1 	 atbrr 	 1 

-:;; -1 •- ;— 	 ' 	I -L. 
J. 

t 

	

fl ÍIlNt,_..L.LE.Uj1I 	
ta 

her [•J[ 

RADAF! 1toC( DGRAM 
E 



S'YSTEM CONCEPTS FOR H1G11-RESOLUTION LAND AND iCE 
TOPOGRAPHIC MAPP1N(5 A E TIMI1 TER', 

Eastwood I.rn 

Jer Propulsión 'Laborttory 
Caljfornia Institute of Technõlogy 

Pasadena, California. 91109 
USA, 

A.BSTRACT 

GlõbaL, high-rosoluiion topography data iet of land 
and ice regions on earth is. óf itnportance in a 
variety o.F geoientific applicàtions. In thjs paper 
Mo potentuil ápaceborne radar instrurnent 
approaches. the scanning SAR .altitriefttr and .the 
intetfeiome.tric SAR altinjeter, for ac.quiilng such 
data .set arc.presented. The rehitive rnerits of and 
some techn Leal issues associated with th.ee two 
system approacbes are discussed. 

Key words: Topography, altimeter, resolution, 
SSAR:A ;  USARA, 

iN.ÏiWDUcTIÕN 

GlahaJ ktnd and kc topograph Le information is 
vital for earth syStem sciences, with applicatiõnin 
genlogy. g.eophysics, .ecology, SÓR scence 
hydrology and glticiology ..An overview 
on thse appiicatiôns cáfi be. fõund 1(1 tlie NASA 
Tõpograiphic Sciençe Working Group Report 
(Topographic Sienc Working (iroup, 1988). 
Existing. Éopçigraphic data are available in Lhe 
fõrnis af contour rviaps and digital data, with 
digital data bçhig d:igilzj . frwn xiting maps. 
Figire 1. SI1OWS the eXiticig. tbpogrâphic dati in 
these. Iwo fõrrnats, li figúre 
covcuig. is the major problern associated with the 
ci'ting datab i. p rttcuhr1y rn Africa, Asia, md 
Souih Ainerica. Other $hórteõmings are the 
unovcn d sLlt5 ind accurcies among 
cliftereni exiting data sets These shortcomings 
have re4uced signifleafltly lhe úsabilltytfsúch data 
seis for largc.scale sciencestudies. 

With Lhe lirnitations on theexisting database,  ii is 
clear that a set o:í global, úriifórrnly sarnpled,. high 
resolunon landfiu.  topographtc data is iieeded, and 
thit the .pace-bas..d instrumenlation is tfie only 
costeffeotive ineaiis of: açqúiring, sucli. data. set 
Recently publihcd report (1988) has indicated that 
such data sei musi possess spatial resolutions 
between 30 m to 100 m and height accuracies 
beiter 1h in 10 ni in ~Cr to proide usefiti 
information for most of tlie science applications 

Spaceborne radar aldiiieter is one ofthe. prcmising 
instrnnunt' apprbabhes for generating suh glõbal, 
high-reeol ution toogripliicniip. Unli ke the 
optical tcclrni4ues (both. stereophutógraphy and 
laser altinietry), radar measurements are- less: 
susceptible lo cio ud :covers and other weather 
conditions.. In addition. radar's relatively rasi 
pulse transulission rate and large swath cverige 
make it more attrativc Lhan Lht laser aItimCter 
for acquitin. spai:ialIy cóntinuons data ib. a 
reasonable time pri od, and lhe. ai -tinietríc.  
prcessing Lime ofthc radar data is eonsiderabLy 
less than (hat required for stçreoscopíc data. In 
ibis paper. Iwo radar system approac.hes, the 
Scan:riiiig Synthetic :ApCrtUrç Radar Aliirneter 
(SSARA) and the lntcrkroinerrk Syiiflietic 
Aperlúre Radar AltimierUSARA), thait cnn :meel 
ibe SCiCflCC requirentents, will be prcsenled. Ehe 
relative merks and lhe iechiiic;il issues a,ssociated 
with these twa. approachcs will also bediscussed. 

SAR AUPEMETR\ GINIRA.L CONCÉPT 

A radar alfipleter Lrainsmits short pulses and 
measure tha rouncí-trip propaga tion time af thes'e 
pulses as they are rctccrcd L'rotn the surface and 
detectd b :the.radir ieceiver. With lhe accurate 
knowlcdge. ou lhe- popagaLion lime Che radar 
pointtng, and the orbitalaltitude tht urface 
elevation eanbe recontruct&l aceording to: 

h=1-]-pcosO 	 (1) 

where li is the surface elevation, .H is. the orbil 
heiglit, p. ís:ttui  one-viay raugedistante, and O is 
the radar antenuapointirig angle relauve to nadn 
ror iliustranon purposes, 11 is chosen ta be 40(1 km 
throughout this papr: 

Because.changes in hind'surface e.levation cari be 
signtficant over smatl dr.tances good surtae 
spatiál resohition and locationdetermination4f the 
acquired data are needed iii arder to detect such 
chafiges and obtain the desired height accuracies 
With the ynthetic aperture radar (SAR) systems 
:fine apatial resoIution in the along-Irack direction 
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(ra).can be achieved by.generating a srnall effective 
along-track radarbeam footprínt 

Wherei 8 i. the in.strurnent bandwidth and eis the 
speed of iight. To iflustrate, for B = 50 MHz, ry= 
3 m. 

	

ra=flP. 	 2) 

where X is the radar wavelength and Lsar is lhe 
synthetic aperture. Isizé of lhe anteuna. Conversety, 
L.sar can be determined from the specUied ra and 
instrurnent coníiguritiõn. .Of úourse, Iiow large a 
Lsar .can be acbieved depends ou the available 
dwell time, the amber df azimuth looks needed 
for .speckle noie ayeraging, lhe required swath 
'coveTage, and theorbitai velocÍty. 

SYSTEM APPROACH -. SS4RA 

A graphical illusüation of the SSARA approac.h is 
given in Fíg, 2, 'anda seI of system' paramters is 

in Table L The SSARA systern oNrates at 
4 G'iIz and utilizes one cross-trnck eleelrical)y 

:Scanned' a'ntena wjth it.short dirnensjon orientcd 
alpng the SaeJ1iteiraek. The scan range (6) of lhe 
antcnna is 10.57' relative to núdir in order to. 
achieve an crosstrdck swath width $) of 8-km. 
.Fõr a polar orbhing- sacel(ite ra opeti»g at ao 
altitude of 400 km; iL is esrirnated that global 
surfae coverage can be achieved over a year 
perind. With such .antenna'õtienutión, lhe 'narro.w 
cross-traek bCanr"totprint (Fc) defines lhe cioss 
Uack spatiai Jution.rc), 'That is, 

	

rc =.c' Tc—  p. 	 (3) 

In Eq. 3), lc•  is the cross-track antenna dimension. 
Ai 94 GHz, 11=400 km, and 0=0.57', a cross-tracic 
antenna size óf 12'm is required in order to obtain 
a rc of 105 m, and a crossak antenna size of42 
m is required in otder w. óbtaia a rc 'af 30 frL, 

With theanticlpated technical .ch'allenges associated 
with large sptceanterrnas at 94GHz, this strawrnan 
desigil settles for.a spatinl resolution of 105 m la 
prineipJe fQ a given antenna 1ze:'it is possible lo, 
op .A erate SSA1 at a higlier frcquency and/or'in a 

w loer orbit ia order to aõhieve a better TC. 

Ho'wver4 •theatmospheric absorpuon (such as 
cloud and precipitaüon) associated with higher 
frequency operation, and ..the atmospheric drag and 
surfttçecoverage reduction :associated: with lower 
orbit operatimi. iiay. .hecorne prohibited. 

The vertical. resolution TV for the SSARA system is 
achioved by' radar pulses with short cifective time 
width 

Cteff: 	e 
(4) 

Tlie alo ngtraek.antenna beam Iootprint is 

(5) 

whee '1a  N. the alotitirack antetrnadirneflsiQn. 
Novice that for SSARA Fa > F hectise, 'a < ic-
Cortsequeritly, lhe tinie-spread o'f a róturn echõ: 
(t) is primarily due to the range extent õf Fa. 
For a terrain with a averaged slope &-over a 
reference plane alõng the :sub_satellite track, 

2 Fatan6 	 (6) 

1sing Eq. (ti) and from az'imuth anihiuity 
conideratíon, il can be showil that 

la>41i Vse (t+-. '!-..) 

wheie TI is the doppler oversampting 'factór neat 
unity. r is thetransniit pulse width,1nd V is the 
spacecraft velocity ('766 krr/). In deritiúg riteq: 
(7), ii has been assurned that the ntnsmittlsignai 
and received •echvi intCrlave' oxe another This 
ínequalitycensítraimi the lower limit of .the along-
txack antenna,djmensjo,n., .U.sing tj' 1.3 
and 	12°,'the,miãimum'Ia ràquired iO.4 m. 

lhe scan time (t) aross lhe swath defined such 
that a fuI scanis accomp. 	lhe 
spacecxaft nloves:anamouut 	T • 11s 

tS 	 S'. •  

Consequently. lhe inaximutu aI1owabJ dwell time 
over each resolulion ccli is 

•=5.4ms 

With rCtrplOS  ni, Lr'an be.deterÍT1iflCd:USing 
Eq. (2) t6be _65 mii. The I1ook dJ1iin*;is 
thereforë, ' 

=0.85 ms . 	 (10) VRZ  

By combíning Eq. (9) and (10), the number of 
achievabe azimuth Iooks is 

Time sígnal4o-noise ratio (SNR) can be expressed in 
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general as 

(11) SNR 
• (4t) 3  r4 1 T B 

where P1 is lhe transmit põwer, .0 is the antenfla 
gain. As.1S the..arei:iUumihated bythe pulse, 
the s.urface backscattering c.oefficient, .L5 is the 
ystem loss. 1  is thc pulse compressión ratio, k is 

the Boltzrnãnn conslant, and T is Lhe. noise. 
emperaturg. TJie surface .area jlluminated by the 
puNet cm vary sub.tantiaiIy depending on Lhe. 
imaging geometry and surface siopes. lnthe SNR 
calculations, a pessimktic value. of.A5 

• 	!LL. - 	p 	 9 As- • 	-;-T--B-ç& 	(L) 

has bceri .used. .Using the prarneters 	. ia TabI. 1 
and assurniiig a q0  ai' -3 dB. ai  an 8 incidence, a 
'w.orsL-case' SN  ol' +3 dB is achieved. 

The height accuracy of Lhe SSARA sysern dependa 
strongly 011 t.errain steepness and the processing 
•algcritliriis; A prévious .st.udy has indicated that 
centroid-type algorithrns. pert'orm reasonably well 
for natural terrains (Rodngucz. ei. uL 1986). By 
ide ntifying lhe vatious errar sourceS 'ánd: with 
reasonable estirnates of their concributions an 
error hudget was denved and tabulated ia 'I'able.:2. 

.SYSTIM APPROACLI - ISARA 

Because of Lhe lirnited cross-track anteflna 
dimensicn. the: apatia! resóhition M th SSARA 
approach i:iimited ia 105 P1,. In order t&achievea 
beti.er spatial resolútion, an interferornetrie SAR 
aitimeter (IS ARA) technique lias been proposed 
(Zebker and Ooldstein, 1986; Li and Ooldstein, 
1990). The s.uTface imaging geornetry of Lhe 
ISARA approach is similar to that of the 

OflveflLiOflal SAR irnag{ng radars except thaL ia 
.this case asecondantenna is ernp[oyed (soe Fig, 3). 
The twú antennas are ofthe sarne dimensi.on and 
are separatdhorizontally. Pulsed signais are 
ttansmitted through one antenna and backscattered 
echoes ai-e received by •both:só that phase 
difference between the mo récorded surface 
images can be detennined. This phase difference, 
beinga function of the surface height within .Lh 
sarne image pixel, caui then be used. ia infer lhe 
surface topography. 

The phase.difference.(p) can be cxpre.ssed as 

(13) 

where D is the baseline separation between the. mo 

aútennas, and . is :the angu1arffset of lhe antennas 
ou a horizontal plane. Frm Eqs.. (1) and (1 3)- we 
can see tlntt h can be derived by accurate: 
knowledge. aí D, and H. Notice.that p ia this 
case cnn be.. derived directly and accuratcly from 
system. clock timing. Whereas, p La Lhe SSARÁ 
case rnust be estimate4 froni the pulse fJight time. 

.The ISARA design as Shown in Fig. 3 operatesat 
35 0Hz. The .antenna dimensions ai'e 53 m 
(a1ongtraçk) hy .0.4 ni (rostrack), and Lhe.
antenna beams are póinted ai 25 off nadir The 
iwo antennas ai-e separated horhiontally by 10 m. 
The radar pLran!eters. for Luis ISARA system are 
shown in Table 1. Mot c the 1SAi pataLTieters cmi 
be derived in the similar :fashion as. thiL used ia the 
previous seètion with à few exceptions. The cross-
crack spatial resolution, for instance, is obttined hy 
the groi.md projection of :flie radar slant range 
resolution and Lhe swath width is the ros-tiack 
beam footprint $ie:For this particular sys.Lern 

Sign, an spatial reiohution of 30 rn x 35. .rn, a 
cross-track.swtihv4dth ai' 10 krn. aná a total ol' 24 
Iooks. (12 iii aihiub and 2 Lu range) cnn 
achieved. Assurnitig: i o  Of -10 dB ai a .25 
incidence, the SNR Vá;  càlculated to be betier than 
li dB 

Besides Lhe errors in orbit determination and dock 
timing. the other najar error sou. rces ia the 
1SARA approach ara the phase noise (c), pointiiig 
error. (), and th baselitte determinaLiOn errar 
(ao). These• errar terma :ean he exprcssed as 
follws: 

7 r, tan6 (14) 

	

c&' =0 sitie q4, 	 . 	(IS) 

	

p sínOtanO 	 - 
ah" = CYD (16) 

In Eq. (14) 1  ibe height errar decreases with ari 
inbteasingD (flrst te.rm ei' Eq (14)). Flowuver, ci-
increases directlyI wiCh D due. to the 
eiectrornagnetic field decorre.lation ali  lhe tWO: 
received images. Consequently, au optirnum D cnn 
be selected for a given system. In Fig.. 4. the 
height error isop1eth are:  plotted :as the fwicri.ons 
of the antenna baseline sëparatiõn and the radar 
bandwidth. Por MpatticularISARA desígn .i 
height error contribution. dueto lhe phae nise is 
2m. 

From Eqs. (15) and (46),  Lhe knowledgeon system 
attitude and baseline separation.rnust be aceurate to 
0.0003.' and 13 mm, respecti'ely, in arder to 
õbtain the required height accuracies. Thes.e 
knowledge requireinents are renching. the state-of - 
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art. of lhe corresponding technical areas. 

Another problem in measuring interferometric 
phase is the multiple 2ic. ambiguities in the phase 
measurements. For the system considered, a 
topographic change of a x 180 m will give riseto a 
n x 2it chatige in ph~ and makethe measurements 
ambiguous. Fortunately, it is. highly unlikely that 
any natural terrajnswiil exhibn a .180-m 
topGgraphic change ia oyer a 30-m pixel spacing. 
Therefore,. it i anticipated that lhe pixel-to-pixel 
I)llnse change can easily be unvirãppd. 

The total height error budget for this 1S:ARA 
design is tabu iaced In Table 3. For the decrbed 
system, the. topographic measurements can achieve 
height Iccuracy af —3 m. 

SIJMMARY 

lii Lhis paper two poten tia! spaceborne radar 
instrurnent approaches, thc scanning SAR altirneter. 
and the i.nterferonietrjc SAR altimeter, for. 
acquiring global, high.-resolution land and ice 
topographic data are presented. 

By operating at 94 .G}lz, the SSARA system can 
ahieve spatiaT resolution of 105. -iii x 105 ii and 
height accuracies of ~3 m Cfor geritie. terrain)and 
-10 m (for steep tCtrliin). Foi - lhe required system 
bandwidth, the installtnne.ous data rate is estirnated 

be -800 Mbps. A rather sophisticated ón-board 
data compressor rnust be empoyed such tbat fite 
downUnk data rate can be accommodated by the.. 
ground receive statións. Anotherrnajor issue iii 
implementation such System is the tcchnology ia 
fast,:electronicaflyscanned antennas at 94 M. 

The : 35-GHz .SARA system can achieve spatial 
resolution af 30.rn x33 mand heightaccuraõies f 

3 m. The major technical issuesa.ssociated v4t1i 
this approach are âttitiide and antenna baseline 
dterminatíon, a.d large. 2-dimensiónal space 
structure for tmtenfla súpport. 
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Parameters 	II SSARA - 	 ISARA 
Frequency.(GHz) . 	 94. 35 
Antenna 

Effective..aperture (m) 12.0 xO.4 . 0.4. x 5.5 
eamwidth (deg) 0.O2055: 1.2 X-0.09 

Peak gain át nadir (dB) 59 52 
.Attgle from nadir .(de) ±.57 (sa) . 25 

Transmitpeak power (W) 200 250 
Pulse duration (microsec) 8 87 
PRF(kflz) 50 3.9 
Bndidth:(1Wz 	. 	 . 50 24 
System:loss (dB):... 10. 2.5 
Systemnolsétemperatute(deg) 2200 1200 

Tablel. System parameters.fôrSSARA and ISARA. 

.67.  



S.ource Error (in).. for 
teuam 

Error j(m) for  
.stp lerrain 

Attitude 	 - 	. 1.1 2.7 
Altimeter timíng . 30 	. 10_0 .  
Ephmeris 0.6 	.. 0.6 
SAR:proeessing: . 0.6 0.6 
Atmosphere and.ionosphere .. .03 
Total(RSS):. 	. 3:.3 10.4 

Table 2. EhÚr .buidgót fot SSARA. 

Source .ErÈor (m) 
PIiae nois 2.0 
Bae1ine 0.9 
Attitude 1 .1 

. 	

o  

clock:lirning 	. 	. 0.1 
Ephmeris 
SAR processing. (16 
Atmosphere and ionosphere 02 
TótaI.(RSS) 2.6 

Tabk3. Eiror budget for ISARA. 
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Figure 2. Theçonceptual desigri for SSÀRA. 
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Figure 3. The conceptual design'for IS•ÁR.A. 
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USE OF EXTERNÀL DATA FOR. ,ERIAL TRrANGULFTION 

AT TNsTITUT GEOGRAPHIQUE NATIONAL -  FRANE 

R. BR0SSI 	C. MTLJLION 

Irstiti.tGographique National 
2, aventie Pasteur 
94160 ST-MANDE 

FRANCE 

cOr4MISSION 1, WG 1/4 

• iGr. há  reaiized dúrihg last years seve-
tal •tria2z in ordér tÓ use for serial ti'1angu-
lation éxternal dàta provided: by navigation 
iars or uiiiárysensrs 1e major ajin. af 
these trials is to reduce ground preparation 
particulariy fõr cõimtrles where dispiacementa 
àrediffjÕi1t. . . ..., 

Best results were obtained wi+h GPS systein 
pesure. senõrs. For a CR0UZP 

2100 pressure' sensbr was used is prodÚction 
surveys, in French Giiyana and in Bmin, with 
introduction of thes& data  ia aerial triangiilà-
•tion Cotfl1tation. 

Tbe paper presents the on-bord equip-
rient,. the use :Õf .their data in differer&t 
cóhkiguratibns. andthe main resuits - 

1 - N1LnoN 

For several years l .GN has been iiwolved in 
1opnnts ise ef éxternai data in 

aeriai...tianu1átion. The ¥im õf these triais 
is to reducègrqind preparation, which is very 
costly in countres w]±h pÕÓr geogr4ph.ca1 anã 
comunication basic  equipnt. Several ways 
were explored .. 

iás± tei etry, aIréy used for sirborne 
prófile recôrding and nõw app]..ied to siant 
range measuring fran aircraft te ground as 
dose as possibie .to the point of view 

- atnseric pressure measurenent by pressuré 
sensor, in ordér to.determïne aj:rcraft  alti-
tie - 

-. põsitionirig and navigatior systen .ata 
most inerest±ng beng: those given byP$ 
systen%. 	 . 

ese three kindá of data wérc . used .õither 
separately or in. .associstion, . for .. .ins.tance 
laser and pressure. sensor.  or. GPS and ressure 
sensor- 

2 - THr ct-E3O1RD SESORS 

1) Laser'telenter 

It is a TAY 130 telemeter, builthy CILAS 
frendh :coany 11ii5 ejuipnent was á1rey 
described ia a previous pablication (ref 1) 
related to ground profile recording. :Lt. us 
remirid its máin performances 

-. Máximai range. .mêasLir.ement ; 15 loa 
- Maximal measure trequency: 20Hz 
- YAG laser transmitter 

• Enission waveiengtb. 1.06 	m. 
Maximal .energy • por pulse .40 lliJ: 

..Pulse duratiori 18. na. 
- Field eL émission 0.5 1flad: 
- Field oE reception  
- Measure accuracy 	. 0.5Cm 
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2) Préssuré sensors 

TWo 'pre'ssure sensors, buíit by .CRQJZET 
France company., were used durinq the tr'ials 
BOth equipments are based .on the sarne principle' 
i e 'deforma ti:on measurement of a diaphragm 
placed Ü a vacuum ôhanter 'and conaected to a' 
stat±c pressure port. But -the deformation 
measuremen't devico is cjuité diffërent fhr' the 
bc.th sensora. 

a) Crõuzet 44'rnodei 

`ThjS sensor is control.ted',by a Eürce 'ba-
lance. The •pressure to be measiire creates 
diaphragm deform,ation which moves an ara. 'This 
displ'aceinerjt is balanced by an e,lectrumaqnetic 
force gener,at1 tV. a current tn an adjusting 
C.0111ocited 'ia an air:..qp  f a pe'rmanenL 
'magoet. An electronlcal circuit, continuousi.y 
mairitairis the balance ; the cur,rent In thé 
'adjust.nj ccii passes through. a rneasurmnr, 
jes,ist.artce whch :deJ,,ters.,a tehsion propotLiofl-
'nal to Lhe pressure La be. messured'. 

b} Crouzet 2101) rnode'l 

On 'this sensor daphragm deforrnation i.s 
:nbt measur1, by ai e.tecttqm'a etic fôrce Lhe 
arm conaected Lo 'the d'iaphragrn aLrains' a q'uart:z 
mbnocris tal. The tespnance frequénicy of the 
quartz is ir Eunction of Lhe appliud conmtraint 
and Lhe piozo-élatric effçt j:  used fôr moa-
surinç 'resonance freguency. In addit,Lon a '-
5.] t 1.Ve s.nsnr 1.ocated insido Lhe deVi aiiows 
to messure ±ts ternperature and therefore te 
correct •pressure' me asureinent by means eL çm 
integrated mictoprocessor.. 

During the triais these bóth sensora were 
uséd' together and "they proVid very similar 
resuits, 

la' practice Lhe. measurements are çerfôrmed 
by' a sequence of six pressure recordinga, at a 
fr.qiiency af ':1 Hz, centeréd &i .thé exposure 
pulse af thê. RC 10,. 2e .average value of' these 
ieaswes iskept a er"eiimiatioc 'o.f arrant 
values if necessary. From these measures a 
Iculate, aIti1ude 'or'each point 'of view' i:s 

determined, referred 'to isobaríc surface,, by 
means oL an appropriate modei,. E'ina'lly'the 
Lo1iowinc linearised least squáre mõdei w'as 
u5ed with one ünknoun '(B) for ,each flight 'axis 

where 'M : sensot mea Use 
Z calcu1aed: áltítude 

A = 	= - 
d 	R  

g t gravity acceleration. 
R çerfect gás constant.. 

absblute outside temperatura ,Çiri  'K) 

iese altitudes Z' 'can, be. 'introduced direc 
tly in serial triangulation. .c!omputation'.  

3) ES. 	system 

JON ,used a TRSS-B GPS receiver, bulit by 
5ERÇL-France .00mpany • for several 'triais done 
either on low speed twin enqnn Aeroccxnmander 
airct-aft, or co fast 'speed 'twtn jet E'alcon '204 
is recei'ver was already dascribed during a 

previcus present'ation 'in Stuttgart, ia 1986 
('ref 2'). Lt üs te.m,ind. this euipoept ci'prses 
an antenna with i'ts ,preampLifier,, a receivinq 
processin üni;t, a cólout CRT disp1ai unit aná 
a contrai keyboard. The receiver can simuita-' 
nôously, prdcess aU Lhe si9nuls cmirlg' 'fromup 
to .5 satellites, cm 1, 1 frequency (1.57542 G,Hz) 
aná CIA cade..' it i.s desíqried or measuring 
pseudo-djstance and pbsse 'at a rate 'of '0.6 
second in each of the 5 'channels - TR5S-B 
receiver is equipped. oL an internal processar 
for compútinq ia real time a completa 3 D. + T 
x:isition solut.i.on sinqpseudo-ranges amoothed 
by phase. 

For tllh€s at iarge seailé cm Aerocóuiian-
der, airôraft 'Lhe equipuiønt was the sarne :than 
for previous maritinie appiications. 1ut tri;ais 
on Falcofi 20 5.iu'rsft n&eded a apecisl anruldi-
rectionai iX)RNE-MA1COLIN antenas 0€ wbich 
aeradynamism was compátibie w,i:th the :ai.rcr.aft 
speed (350 'knots), 

4)Aierí'a1_sureq9t'Pnent' 

Ali, the survey were performed -with a 
RC 10 caneta • equi pped witb a Wg leas 'cone 9€ 
foçál :tength 152 rim. f'n)scone is n dif4 fOr 
picking u exposure pulse cm the reeç1.s,ih 
whj.ch cprnandsexpósure mechanism, Õf Lhe 'lena 
cone. Btit this operation occurs with a delay 
which can be determined sxperimsntaly ia labo-
ratory 'it is a constànt for a given leis 'cone 
and a 'gi.vrï exposure tine. 

For the laser experimentations, .an auxí-
iiary 35 'fl 'camera was used. Its opticaLaxis 
is rigorau.sly parsUei te the lese' ernission 
beani The.:  imagèsgivèá by' thia, camera allow tO 
localize the' point 0€ ,inçact cm grou 0€ te 
lazer bam and to tranfer' this pbint cm the' 
associated" 24 ii 24 cia ster,eoscaplc: ,aurvey. 

3 - TEST FLIGft€S 

ach of the previous,iy, described :equipment 
was 'used during tet flights., ia arder te 
determine. ite interst for tl'ie neéds 'pf serial 
trianqulation. 

1) Laser and pressure sensors 

TAY 130 laser telemeter, Lias .been useO for 
Severai 'years, for sirborne profi1ing. Sub this 
mechod, is :very he'avy and. it needs many manual 
and costl'y operations. 

Anther appbitation oL iasertelemetry. 
consists cl direct messutentetit el si5nt range 
betweên . the exposure slt'atioú and' an 'idéntiia-
b1e paint 'on groi.uid. hese data, coizrected troe 
atmãspheric refraction prqvide a scaiirig 'ler 
each negative, .n on additi te pressure measures 
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for tie determínation of altitudÓ 01 the expo-
. ••e statioli. 

Tri practice this metJíod çowes' up agalnst 
many diffiiXLties. Identification of $be pointa 
of :mPat is tiot the J.east, dáe. tó. tbe' use 'of 
'thá 35 m alnerá and the. .délay between exposure times 

of this •auxiliary camera and the RÇ 10 
em- bis delay, was 'measured ix2 laboratory 
its' •vaiue is 84' millíseconds i e a distance of 
'abox.t '15 ers is case aI 'a Falcon 20 survéy. 
Despite ol all preautious .taken ,in the .succeø-
sion ol operations it. was not ,çossible te reach 
a good preciaion for the localizatiõri, 01 t1 
'point ot impact 

•'Anotber .difflculty s occured by the fact 
wè cannot select t}jé polnt óf itupact which can 
fali on any' topographical detail. That implies 
' important, percente ef unusable points 
for Others tbe accuracy is a functioo ef tbe 
groubd siope,, and the vegetation coverage. 

Neverthelesa .a fuli teat was done on the 
1:50 000 sheet çf. la  Sbuterraine, wi'th a survey 
at a scale ol 1:30 000. ReSuJ.'ts cari be surari-
ztud aa foiows 

- Numbet of êxsure statiàns : 	60 
-. Number of usabj,e laser 

measurernenta : 	 36 
- 'RMS on siant range between exposure 

statjon and ground coinparéd to the 
ca1cu1atnd range issued fron aerial 
tÍiangulatiôn 1 	 1.80 m 
(accuracy 01' the calculated range 
i.tself is. about 0..70.m) 

Usabie' laser data and preasure measures, 
have bèén introduced in aerial triangulation 
eorflputatlon where they .brought interesting 
resülts as il.],ustrated hreaL ter 

- standard deviations on cbeck pointa 

with a fuil netwótk wi'th a E ew, control 
:f cotutrol pont$ - pintS* and' externa]. d'ata 

X. 	'Y:0.'70m Nochéck 

'2 	: 	0.45. tu 0.50 m 

* it concerns 'a' normal adjustment biock witb 
side overlape of 20 %. t?erefore a inituiniSi 
control põint network should be kept, i e' ].I 
tu is the. riumber 'eI f1iht axis 

- 2 point.s 'for plapimetry 
- a + 2 poirits fór altimetry 

ese trials were: nor rrind on, due to 
the previously recalled difficulties. But some 
improvernents would be stndi'ed sucb. as 

-. reduction 01. delays between .35 me cainera and 
RC 10 exposure times, 

-' süppression of :thé aixiliary 35 mm canxera. 

Yet it rernains that thê measurés are aval-
labie only os bare and flat ground and it is  

difficult to attomate e1imintión eI. fauity 
pointe (trees,  

2) GPS data. 

Use, eI' OPS data is aerial trianguiatios 
was a1redy described is 'a' previous papei 
(rol 3) relative to the resulta of tw,o experi-
mental surveys 'over 1 the 2:50 '000 sheets of 
Limei and Vichy. For these missions two TRSS-B 
SEREL receíyer5 wre ii5ed' 

- onë.on a stat.ionary point at 'Creil .airport 
- 'the' ether, on-boar4 tbe. aircraft 

(?S data were exploited. n .trajectography 
urde by mesns dl a sóftwã±e whicit uses pseudo-. 
ranges', ~se and .beat nountir for Doppler 
shift. 'ibis conlputation provides geograph±cal 
coordinates. .of the eircraft, trajectôry, at a 
rate ol 0.6 sécoi,d. coordin ates eI exposure 
stations are linearly interpolated then trans-
fàrifled iri' Lambert 'prolection before introduc-
tion is aerial trianulation computation. 

Resulta can be-summarized as foliows 

ith a fuui network 
ol control páints 

with one X'.'Y.2:cxitrol 
póimt and' GPS data 

..unel x. y = 0.75 e 0.75 m 

,Z 	='0.45'm 0.50 e 

lichy. X'Y 	0. 55 m 0.55 m 

Z' 	O,.45m 0.60"m 

.Reniark : st'íffnes5 01 'the adjustment biõck was 
Senhaéd by two north - south flight axjs'. In 
th se' conditions one X. Y Z'tõntrol poirt is 
enoih with GES data. 

Theae resulta show that:GpS data, ia. asso-
ciation with õnly one contro]. XLnt, allow to 
avoid heavy ground preparation network and give 
comparable. accuracy, at tnediim scale.. In addi-
tion it is not necessary to pit .a receiver on  
the site what is generaily' impracti,ca]. in 
countries •where rneteorologtc conditions' are. 
poor for aerial surveys.. 

HõWever, GPS data wili 'be' reafly usable 
for photogr~try uben Ç.S , ponsteilation 'is 
compete and ànly il satéilite emisalóns remam 
accéssible for the cIvil .cpumunity' 'Ib-day, 'GPS 
associatiori with other senSora a11cs to extend 

uiSiti'ori periodz 'Sõme triais were dorie. is 
this way, using a pressu.re sensor ia Mdition 
with GPS :for I:'0 0.00 survoys ori two.i:50 000 
sheate A],bertville and flanosque Over tbese 
sheets 3 sateuitea only could be .. receíved, 
leing to a 20 + T solution .j e planimetric 
coo dinates and time. 'Itieri GPS data ,àre cmple-
ted by pressure data and this aoluüori is 
suit5ble when sateilites are low 'pn 'horizon.. 
e cnn sunmarize 1±0 restilts given y. tbjs 

method. 
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- .Siandard deviations õn check points 

ãth a fui1 network 
of control pointa 

with a few control polnts 
GPS and pressure data 

Albeitvjlie. 

X 	Y=0.:9Orn I.05m 
Z 	0.80 m 1.00 e 

Manosque 

X 	Y0.90m 1.20m 
Z 	= 0.70rn 1.00m 

Remarks 

a) Tbe .AJ.bertvilJ.e :She 	is situated in ffiouri- 
tainous:arca' (it's a part of the 1992 Oirmpic 
Writer Gamã sito ') 

rj important hoiqht 
expiain high énough values of staidard dévia-
tions in case of a fuji netuork detetmined by 
•cissicai qround preparatiÕn. 

b) For the. "ManOSqUe. gheet. it is ráthr the' 
oidness of ground preparntJçn (transfered on 
1987 survey) wbicb expieíns high values 'of. 
standard deviations. 

C) ¶ftie Mberti1.1e and Manõmque 'adjustment 
Nx:ks do not have an 1  •tr.ansvesai fliqht. Ie 
'control point network must be Lhe foliowing 
ano 

2 pQirlts ,fo.r pianirnétxy 
- n + 2 points for altimetr.y (n numbêr of 

flight axis) 

,C ,1). 	thesé ;both»sheets use of GPS, even ïn 
lowered configuration and pressure data s  lenda 
to resulta f' which qualíty i h'ard'ly ).ower 
than these obtalmed from a fuli control point 
network., 

3). Pressure 'sensor ppy 

The'gbéd resulta obtained with.associàtón 
.of a pressure sensor, either with CJPS or.,  with 
laser teielntry allow to considei the.use'of 
pressure sensor only. Some 'triais wére simula-
ted from 'luns]. and Vichy data then tuo real 
appJuations were cønductnd, the. Lfl bver 
Frenob Guy.asa coast in 1987; the other in 
Bénin',in 189. 

French Guyana survey was done: at a acale 
'ai 3Q 000 k  .oVer a .  zóné. wher djsplacenients 
were very difícu1t. Due-to this'fat cround 
prep,aration -wa$ :limitnd 'to the cõast and the 
rnain' coastal streams. Pressure measures were 
therefóre very use;ful 'for cOMpLatinü aitlmetriç 
network' 5 ôr thé inside ad jüstrnent biock to 
bridge the' gap between ,control 1x,int liries. 
alãng the tiver. 

Te contribution of tbese :pressure ireasu-
rés is tésted for' instance over the-'St.-Laurent 
du .Maroni biock (124 stereo paira,) where many 
altimetric points 'areavailable. Saie of these 
points are' no't used for .çontroliing but kept  

for checking. In 'the`se.~tiáris resulls 'are 
as fl1ows 

- Z. standard deviadons on ebeck points 

W±thout pressuredata : 1.90 n 
With pressure data 	: L25 e 

1e Benin suryey at a 'scale of 1:30.000 
covered a part ai thé (UM va11e', ia, arder tu 
do a .prelimmnary cattagra.phy .  for dTs e'tting 
'up.. ,That involves 'a 'dens avanna wifl trees 
where' grourd penotratiori is diii icúit duo tu 
the lack ci' tracks. As in Fréndt G.iyana 
pressure sensor data allnw to ensure tbe. 
continuíty of alt'imeLric network. 

4 - cONcLLJSIONs' 

Iie diffurent experimentations conductud 
by IGN during la'st years aliou to d.raw soma 
conclusions or' the interest ai external data 
fot serial triangulation. 

AC first, ir doas not soem ihat 1nse 
teiemotry havo a great future except co bate 
and desért grc%rnd due ta. the probIena to. spot 
'he paint ai impact and the.'bütdèn Pf oi.tice 
work ai its use'. 

:Pressure sensor is, a].ready nx>s't interes-
ting : despite. ai its iow vaie, l'ow weiyht, 
10w price, li: provi~ d.toctiy usable data for 
aeria). trianguiation. If.s accurac' remais 
patible with mediun "acale survey and ii can bê 
associad, with other sen'sors sudi 'as GPS or 
1aser.  

'However, anong. ali tbe extérnal data 
tested at IGN for ~.tcgtammetric needs it 'ia 
'(PS whi)i bringa tbe best. resulta. "ibey 'wifl 
contribute strbtig1i 'to ,reducé ground prepara-
tiou When sateilite consteilatiom is com-
:plete. 

But dop' t forçet that the trajectography 
'mede, with 'twa receivets., y rins sui'table 
estilts, particuiarly when, GDOP factor moves 

quiçkL. At. 'médium sàales itis riot riecessary 
tá piace a: stationary receiver dose 'to tbe 
survey aite ; it i$ encsgh to, put it on ari easy 
acceas 'point'wbêre ali logistica ate.availablé. 
At largo scal,es this method be,comes inadequate 
,ad it is necesaaiy to operate in kinematic 
mode with a statioriary. receiver iriside the 
'survey site. In, 'tbis direction, .IGN 'plana te do 
:5 dérisification oS a gebdit'ic networ.k by photo-
gramrnetry: and GPS. 

At 'any' acale GPà will àLlow to reduce 
strongly grourid prepa a:. cri and costa of 
surveys, and wiil generate .deep changes ia alI 
the 'pbbgimetriaiipe ci "prcucton. 
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BUNOLE BLOCK ÃDJUSTMENt USfNG KINEMÀÏIC GPS-POSTION$ 

Jacobsen, Kcirsten; 	Li, Neren, 	Liniversity o? Vannover 

ABSTRÂCJ: 

The UnIverity a? Ilannover hri 	arried otit a photo fliqlit witIi klnematic GPS pasltlonlng uslng .a dual fre- 

quericy rerelv*r WiLh '-code i -  Lhe aircrnft and o rferencq station on the groutid Checked by precise block 

ç1ustment, Lhe acruracy o? lhe PS-pcsitions relntiv.e lo the strip lias reoclied •following standard devlati-

oflS: Sx'1Ocm, Sy+19cni Sz±IQcm. BuL probiçme, With the ambigijity snbitinns .huve CaUseJ syslematic shlfts 

o? Lhe positions In thça* strips. 

The systemcitic eFfects have been respec.ted by hjivirílo adjustmnt .with prnqrrzrn systorn BIUH In. osing nddltl-

anal parameters sepurately for any plioto strip Bad ao 3 controt paioIs lo a. Une crossliig Lhe ?tight: dlreç-

tions the bundie block odustihent .uslrig ffiè GI'S projection centre coo;dlnates bus reached ao occurncy o? 

1Ocm In ali coflipannls deterroineci. by aixurate. chci paints. AfLer ellminatlõn of tlie. syslema.hc shifts o? 

lhe GPS poItlons btack adjiistmeflts withouit controt polrit; have been • posslble olso wlth just 20% sIdelap. 

FoLlowing problms hcwe nel been scWed sufficibntiy up to  now 

- k,ss. .01 reference càued by cycle stips,. pven 1f tId effect can b determined by selfcoilbratlon 

- exact recordtng o? .the exposure lostant 

- synchronus modo af GPS registrcitions and photo. expõsur.e 

- exact cotibrotion of thr inlenno and crnnera. system 

The number o? sntëltites .wltl be cornpleted withiri 2 yeaI; Áfter complete cavercige, the use. of GPS projçtton 

centre coordinates wilt become ci standard appllcation becouse cilso wlth Lhe today exltIng probiems the 

number of ground contrar paints cnn be reducles drcisticalty. 

KEY WORDS 	biock adjustment, klnemcitic GPS positioning, mlnhrnizing number of rontrol poiais 

INTRODUCTÏON 

The expenditure for the ground survey aí contrai points 

for block adjustment is •not negligble. Sometirnes Lhe 

cost for the ground survey 15 tho some tike for Lhe. 

whole. biock adjustrnent. It is possible. to. reduce the 

nurnber of necessnrycontrol póints with additiõnal strips: 

of photos crossing the moio photo flight direction. But 

.WiLh known projection conter coordinotes determined .by 

kinematíc GPS positioning the number ot cõntrol points 

coo be minimized, atsõ block adlustments without control 

polnts are possible. The eccnomic moaning has !ead to 

the realisation oí a test biock with, kinematic GPS 

positions. Tbis resuitad lo Lhe projection of the fiist 

õppilcations. 

GPS TST 13LOCK BLUMENTI-IAL 

A photo flight. over an oreo with a high number of 

accúrcite hnown .ground points fias been made by the 

Uruversity f Hannover lo July 1988 wIth kínematic GPS 

positioning lo the aircraft in reintlon to a ground 

5tutlon in the biock orou. 5 strips wlth 80% endiop, 

20% sldelap have been tlown lo the sacie 16370 uslng 

o fl4100 (dual trequency, P-çode). 

1 

UNIVERSITY.OF H4HN&VEO FROGRAH'SYSTEM'BLUH 
uwsOLuMcNTHÂL . - 	.. 
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li 69 pilotos. 248 contrai points (no GPS posaians), 	 distance iri flight 	corresponding 
pRO%, q=60% dilferences at contro( points 

	
direction 	 time difíerence 

Sx=+/- 4.2cm Sy/- 4.2cm Sz+J- 50cm 

1.2 69 photos, 4 contrai points (no 6PS positions), 

p80%, q=60% differerices at 263 clieck poirits: 

.Sx=+/- 21.0cm Sy+/-8.7cm Sz+/- 35.6cm 

maximal differences In.height: 290.2cm - wlth 4 contrai 

polnts the btock is very unstable no computotiôn is 

passible with 4 contrai paints and oniy 20% sidelup 

tablé l results af bundie biock .adjustment with 

progroin BLUH, without GPS positions: 

strip 	1' 3.52 m 59 ms 
strip 2 3.71 m 62 ms 

strip 3 3.08 iii 51 ms 

strip 4 3.87 'm 65 ms 

mein 	 59 ms 

table 3: systematic dlfferonce bf GPS positiõfls 

Tho ambiguity probiem. of the kinematic GPS positioning 

lias been sofved "on the way" based on linear 

combinatkrns of the dual fre quency phase 

measurements and the dual frequency P-cade (Seeber, 

Wuebenno 1989). Alter this, the fuIi, comer phuse 

dccuracy was used. The noise levei hs been high, this. 

cõn be explairied by a muitipath effect. 60 the solution 

for one strip was riot correct wlth a systernatic shift 

õf approximote 3m. A coniparison of the photo 

orientations determined by bundie adjustment •with 

contrai points, and: the• GPS positions. rosulted In: 

neiliuil *Dbure 
fine  

hetDr ei, 

. ihuttor cl.d 

rtoiretor0d 	ífist11s1-t 	sifotiluo Intsit 

iiniI 	f1i 	01 siposure 	.01 s*pooui- 

in!tint sf phstsr,phjc expae,rs 

figure 2: 

systemotic differenes 	mean square dil'ferences 

GPS - bundle adjustment alter, strlpwise elimination 

of shifts 

dx dy dz sx sy sz 

strip 1: -3,56 -1.27 169 t. 17 .16 .09 	(ml 
strip 2 -3.91 -1.21 1.98 14. .21 .14 

strip 3:, .31 2:96 1.60 .14 .26 .08 

strip 4: -2.99 -1.34 2.55 .14 .1.7 .10 

strip. S. -4.00 -1.21 1.46 .26 .12 .09 

mean ± 	.1.8 .19 .10 

table 2: accuracy of klnernatic GPS positions 

The systernatic dlfferences between GPS and bundlõ 

adjustment can be expiained by Lhe time period 

between the recarded and the effective lnstant of 

exposuro. This differenco in time couid not be ovoided 

because no registration of the center ar the exposure. 

time Was possible. The recorded time was depending 

upori a diode located dose to image plane. 

In additlon to the errar in lime, there Is a shlft of 

strip 3 In X and Y and o .shift of strip: 4,. In Z. The 

shifts have been determined by bundie odustrnent with 

selfcalibrotlon uslng odditionat. parometers (focal length, 

principal point ,x.y sepurate. for any strip) wlth' 3 to 

4 contrai paints. .With Just ano .. contrai... ;point,. th'e 

determination of the shifts have not been iiccurote, the 

shift in Z couki not 'be ídentified, for the individual 

strips. Tio offset between ontenna and, comera has 

been respected iri the ,bundie adjustmen.t.. program of 

Lhe Liniversity of Hann,over BIUH •correspoiiding to the 

individual piloto orientations. Ru,t the comera was not 

tixed to the aircraft, so a changed yaw anglo af tile 
comera has caused errors 01 te X and Y- 'coordinate 
not exceeding O.lm. 

The contraí points should be dlstributed to the dlfferent 

strips. It Is better to have a une of contrai points 

across the strips thçn contrai points at the cornors of 

the biock. Based on O tine af contrai .põints, the 

systematic shifts of the individual strips cari be 
determined by odditionai parameters in the block 

adjustmont (see fig. 1). 
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photos p 	q control. 	SX 	SY 	SZ 

pairas 

69 	80% 60% 	4 	11.0 	10.1 	23.1 IcmI 
69 	80% 60% 	1 	± 23.1 	54.5 	44.1 

p-80%, qr60% Sx=± 9.3çm  Syt 87cm Sz-t 9,9cm 

p=60%, q=60% SXí± 8.4cm Sy± 11.2cm Sz=± 17.3cm 

p60%, q=20% Sxt 8.8cm Sy=± 13.4cm Sz± 24.3cm 

35 	60% 60% 3 ± 11.7 	91 	19.4 

35 	50% 60% 1 ± 24.5 	36:1 	51:2 

21 	60% 20% 2 	± 14,3 	18.7 	28,5 

21 	60% 20% 	1 	t .21,2 	34.1 	58.4 

tubla 4; results aí bundie block adjustrnent with BLUH, 

lhciudrng GPS positions, without individual 

pacorrection aí the GPS positions, accurocies 

computed with independent check points 
I3undle ad}ustments without contrai points bave been 

possible olso ;ust wLth 20% sidetop. lhe restiIts are 

infiuencd by Lhe shift aí Lhe kJnematic GPS positions 

(tabI 2). 

photos p q contrai SX SY SI 

points 

69 60% 60% 4 ± 	9.8.. 7.1 9.7 	(cml 

69 80% 60% 1 ± 	9.7 10.4 10.1 

69 80% 60% 0 ± 	10.1 10.6 17.7 

35 60% 60% 3 ± 	10.4. 135 :232 

35 60% 60% 1 t 	9.6 12:4 21.7 

35 .60%. 60% .0 ± 	11,1 13.6 17.9 

21 60% 20% '2 ± 	11.5 153 25.7 

21 60% 20% 1 t 	10.8 14.6 .34.7 

21 60% 20% O ± 	12.9 16.0 23.5 

table 5: Results aí biock adjustment with strlpwise 

precorrectton of the GPS positions, computed 

.with incfepende'nt check points 

For these cDmputatibhs the systemcitic shifts aí 

lhe • GPS pósitians: of the .projection centers hove 

been ellrninoted stripwise In advance, TIlis Is 

correspondfng to .0. GPS positioning without loss 

of reference ar wlth correctly datermrned 

umbiguity. 

The resutts ore strongly depending upori the used 

contra[ point(s). If Just 1 contra[ point wili be used, the 

individual dilferences of the ground coordirtates are 

inhtuenclng the Mole btock. Th'e ma; influence aí the 

number ot contrai points Is the determrnation of 

systemutic shlfts. Aí ter eliminaflon of the systematic 

differerices ia the coordinates bet'een the adjusted 

object points and the check pints, onty negügible 

differences in the corresponding data sets hove been 

echieved alter stripwise preporation aí the GPS 

positions wlth ditíerent contrai points. 

table 6: relative accuracy aí determtned ground 

coordinates Standard deviotíons determuned at 

Independent check points .after eliminatian aí 

5hiítS Ia the .ground coordinotes X, Y. Z (meon 

vatue, Independent frorr number o contrai 
points) 

SUMMAIW 

With the today technoiogy 01 kinernatic GPS positioning .  

cl projectian centers during photo flight it seerns riot 

to be possibte to avoid systematíc errars changing troni 

photo strp to photo strip. Also with retative positioning 

using also a GPS receiver in ar dose to lhe fllght areo. 

shifts up to 4m cannot be avoded. 

Based on o smci(l number aí contrai pornts GPS 

positions abtained by relative positioning. wíih orie 

recelver iii Lhe 'ajrcraft and o referiice station on the 

ground, stripwise shifts cari be identi?ied and respactad 

by biock udjustment with. setfta libra tlon by additlonal 

pararneters. By theory just one contrai point is 

sufficiont II the biock geometq is stobiiized by at Ieost 

one crossing strip. Oniy by reasons aí rehandity more 

than one control point is necessary in such o, case The 

ccuracy whlch coa be feached toclay is suiíiciarit for 

ali mappinq purpóses. Without contrai poiaIs shifts 

cannot' be avoided, but the irlternQt accuracy o!. such o 

biock is usúaily sotlsfactory. 

Systematic errors are not only cciused by the GPS 

põsitianlng olo lhe Inner onentotion 01 the comeras is 

not known occurate enougti. A 15 microns c1ange aí 

Lhe focal Length can be causd just by infiuence aí the 

teniperature. This Is carrespo'nding to a vertical shift 01 

0.01 % la the case õf a wide ongle comera the usual 

levei of occúracy. Errors in the principal point cán be 

compensnted with opposite tiighL directions. 

Canstont errors in time recdrding piso cari be identlfied 

by biock adjustment using photo strips with opposite 

flight directions: Such errors cannot be ovoided. Only 

the riew comera Zeiss R&IK TOP .sopplies a signá of 

the midpolnt of exposure for data recording (Zuegge 

1989). But even this can be affected by sy5tematk 

differences coused by. the characterlstic aí tilm (figure 

2). The comera release signai should not be used for 

recording. Everi It no rotdry shutter is used, affected by 

the use aí the shutter the tamperature will be changed 

causing. a .change õf the dela ....tween release sIgnal 

and the instant ol eposure within some milliseconds 

Merchant 1989). 

Accuracy will be lost by the interpolation of the 

projection centers between Lhe GPS recordings. 'The 

time difíerence between lnstarit. ai eposure and GPS 
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recording shõuld be smafl as possible. If the comera is 

not used In. a simuttaneous modo the reçording intervali 

stioutd •not exceed 1 secofld. Hlgi spoed photo fllght 

wílL raise these problenis 
The offset between comera and GPS antenna' in the 

oircçaft should besmail as possible. This offset cqn be 

respected In the .bundie biock adjustment i  lhe relation 

between comera and aircraft is. not changed during 

photo flight Thot means niso the drlft ang(e shauid not 
be respected for thá comera orientatron during photo 

fllght otIierws o recarding of changed .orientdtlon aI 

the comera in rêtation to the afrcraft is necessary. This 

problem aba con be àvoided 11 tbe ante nna is Iocated 
exczctly above the comera; 

The attltude dato can he dtetmined by biock 
cidjustrnent. There is no .advontage :01 an: Inortiol 

navlgztlon System together with GI5 positioning 11 the 

probbem ai cycle slips cnn be solved. 

CONCLUSION 

The power aI kiriemqtic GF'S positions hás beco 

dernonstrated. Even with th today not. avoidabbe 

systemotic errors Jt can be used In õ combined bundie 

biock adjustrnent. With just one .control pont a 

sul ficíant c,ecUrdCY olso foi -  targe sçale mapping càn be 
reached. Oniy becciuse õI r'eli.Qb!lity more than coe 

ontrol point sbould be USed. The biock adjustment 

shouid be dane with the bundle method, like wíth usual 

:blockS. th.:.lndependent.rnõdei õdjustment will not Iead 
to:.the sómeacuracyTho.rodaybott1eneck óf c not 

sufflc,rnt sateltite coVe(age wrU be solved wuthin the 

noxt 2 years it can be possibbe tJnt the GPS system 

WUL be, pi' !ItPd byth US$R . GLONAS: system 
•Whlch Js VerysImiIIõr:toGPS, 

liser frlendty :bund(e biock pídgrains for comblned 

odjUstment wlth GPS dota are ovaflable But the 

programs for the kblernotic .GPS computatbori stIU have 

Ao bePmprovcd; TheGPS ambrguity probtem wUt be 
reduced wlth a hlgher nhimber of avaliabte sateilitos 

lhe enormous economia advantage of btock adjustmant 
withGPS projectron center. coórdlnates has .!ad  to the 

1Irst projection of comercial. appticatiofls. 

ÃÊFERENCES 

Ackermann, F 1986 Use aI Comoro Ortentatron  Data un 

Photogrommetry - .A Revlêw, ISPRS Cõrn l i.  
Stuttgart 1986 

Afldersefl.O. :1gB9perience wlth KIfldrnatic GFS 

durung AerIat Photography lá Norway 42 n 
Photogrammetruc Weck Stuttgart 

Ba&istert G., I -tein,G:W., Landouj-l. 1989 Co lhe Use aI 
• GfS in Atrborne Photogrammetry, 

Hydrographlc Appltçotiofls and KlOOI11OUC 

Suçvoylng, 5th interncitlonal Geodetic 
Symposlum 00 Scitelljte. Positiõning. Las 
Crucesi  New Mexicb. 1989 

Brossier, R., Mitlion,C., Reynes.A. 19B8 Photõgrommõtric 

Àppicatións aí Sercel •GFS TR5S-8 Receiver 

nt lastitut .Geogrdphlque Nationot ISPRS 

•Kyoto 1988 

olUmina, 	1. 	1989; 	Combined 	Ádjustmeht 	f 
Photõgrammetrlc and GPS Data 42nd 

Phótàgrammetric Week, St uttgart: 1909 

Cortes, F b-leimes, F.J. 1988 A Compdrative SWdy aI 

Dynamic Positioning, by. GPS, ISPRS Kyoto 
1988 

Friess, P 	1988: EmpiricaL Accuracy aI Positions 

Cornputed from Áirbórne GPS Data, ISPRS. 

kyotà 1988 

Gruen, A, Range, A 1900 lhe :#ccuracy Potential aI 

SeIf-Cnlibroting Aerial Jdangubaton without 

Cbtrol,lSPS Kyoto 1988 

H&n, GW. 1989: PrecIsQ Klnematic GPS/INS Positionbng: 

A OiscussÍon as the Affitiotions ii 

Âerophotogroçnmctry, 42nd PhotogrmeU -lc 
Woek, Stuttgcrt 1989 

.kccobsen, K 1990: Eurpean. Progrese an GPS 

Photograrnmntry, ASPRSÍ Denver 1990 

Jocobsen, K., Li, K. 1990 8(indélblickausgIeiçhung rnit 

kinematischer GPS-Positionierung, ZetschrtIt 
fuer u/errne$uflgsween 

Lightr:ingk, G.... : ' 1988 A Study on the lniprovement ef 

Photograrnmetrrc 9lockadjustment 
• 	: . 	Pcedilres i? RS Kystoi98a:.; 

Merchant QW 1989 Positioning dl the Photo Arrcraft 
by tho Global Positioning System, 
ASM/ASPRS Annual Convention BaLtimore 

• 	 .ie9.. 
Seeber, G,- Wnobehna & 1989 KlrtnaticPosItionlng 

WItJi Càrrier , Phses on the way 

Ambigu[ty Sotution FLth Int Geodetbc 

Sympos on Sateilite Positioping Los Crirces 

NOW :MeXko .1989  

Straub. J, Thiel, K-H. 1989:4urther treveiopment. aI the 
GPS nid GPS Receivers 42nd 

Photpgrammetric Week, Stutt9art 1989 

von der Vegt 4j1  W,Boswinkel O Wítmeç R. 1988 

Utílisation • ol :GPS Larga Scate 

Photogramrnetry, tSPRS Kyoto 1988 

Zuegge, 11 1989 RMK TOP - lhe new Asnal Sucvey 

Comera Systeni (ram CorE Zeiss, 42nd 
PhotogrammetnicWeek. .Stqttgart 19BS 

91 



OL%LIiY Ef1-V*EErENT IN .CJt9flI1 CF A1RG'E REMD TF SENSING DATA 

FRZ LISJ-<E 

1 N i T ER F L U G 
Divi5ic for ~te Senng. 

Indu,try and R arch Flight 
ALrpcwi fleri irr43choEnefPld 

A S T R A C T 

flesixks thê sinie tr miicn lEve15 alEo the correlatiansí, bettaen atmosphere airtrft, irnair1g 
systm tnd data taflrier-s diminih the quality of ~te,sirç data 

The rncyt inportant scir'ces af .quality roPe rves árp the mpo,anent of acguisition of oier*ta€ii 
data o-t navi tic -i and altitu statnl -t2ation o1 aircraft dvnamtr  or/and electranic cwmpieatici 
of hLurinq and disortcr' influence af angular (rotatory) rnv'trents and the increase of pecf.c 
informa Lir' ccritan € of remoto sensíng, record . ings intcinecticw wi t.h the correspcwidirq imae data 

Furh€r qúài.itative and . -econrime.al  effects Can 1* produred by the use of milti neor in c.,nectiL)n 
Wjtt3 mui tf data cxicepte. 

IEY WORDS. Data. qual itJ, seIisDr Dr'iantation, pi lciing. anqu lar rnotíc'n 	ire-ompensation. 

1 Probiem 	f tlie. ihtr t -; btWfl &j 

phere, .aircraft .ánd imaging 'ystem 

The de'1c,pment teat results Dbtàined Q1 tl: 
ground under '1 ' aboratary. conditions 	de and unr 

Lghtditicris were In` Sractical 
raQtíhe f1iqhts not neraiyachieved. There-
fôre, the .aim il,,.tigatj th of 
tha neqative influences uncfer practical candi-
ticris.anci tri ini:Uate optimum cc3unter-measures 
AworldwidB acceptd criterion of image quality 
is the rncdulaticn transfer luncticn MTF (cf.  
11/1. whci;e ad nag s. that Ce MTF total 
value can bformed by multi.plication c,f the 
trnfer value5. ai he discrete items.. P-awever 
asas racognized in this connecticn thi does 
stíli not. Justify t pure tó isider 
tFse discrete itens independently of saci 
pther object, atnosphere, canra ,stem with 
optics and. sensbr, mcjticri of the camera system, 
data .carrier and reproduction inetruments) 
Becaijs of the mutua , 1 interrelaticii and. th 

en dependte 6h each bthr thé total proces must 
p treatsd as a comp 1 mn t*,iliecEl system, whlch 

requires an interdiscipi inary coopera!ion. 

Thee 	cooperative relatians . have 	been 
t0115hnd In tt GIR between the instriiment 

indutry,.academi resrchiristituticns, civil 
aviat 	entrprie, data 	arcJ •anlyat5 an 
the pr ducers of data. carrLer (e.g. fiIm) anã 
are furthr developed between research and 
praduction. 

In t -e foi lcihg, a few selccted investiqation 
resulte shali be presented.. 

2. lmptovament of aircraft pilotLnq 

For, asnal pt- atograiwietry impiEfTnted with 
ma11er aircraf€ visual havígatian Às 9t0.1 

war1dwids prsdcxninantly ud for maintaininq 
the fixpd.flïqht s€nips, whereas for elsctraiiç 
scanner and side--1 ook ing. radar systems larqer 
aircraft wi.th prarnarily instrumental naviqaticri 
is employed. Tha reasai of this lies cri tfw an 
hand •iri tie recordinq princiie and, cri..the. 
othr hánd m  in the fihancial ratio of the 
entireaircraft ta its ihstrintatcxi. Proof 
was furnished that the investment coste for 
automatic highiy prcise navigatian which at 
1 iret glance saem to ba hiqh ar6 qüickly 
amortized: b,i hiqhly É.jualitativê and siificart 
ecanamtc advantaqes. Thts .becomea evidant. b' 
the foi iciriq tarisidaraUon:. . Wln the prices 
fbr rsmõte ssnsing procluçts are fied ç 
basis f a de'finibe quantity and quaiityit is 
wjth reliably aact flight lime navigation and 
attihide stabi lizatian of the .airc:raft possible 
to minímie the expensas by the reduct iam oí 
lateral overlap of f.light. strfps ar s;Wathes and 
the reduction aI tiie relI iht rata. 
For rernc,te senaing appiikàtian in aeroplanem a 
madern naviqation system lias to fui? ii two  
basic tasks: 

- tha hqhiy precisa, realiable and optJntun, 
i.e.cost-ffective pforrIance cl f1iqh and 

- the output aI data ol outer orientatian 
(position cpov-dinates, atitude angleJ for 

-thR. ao—Une ccntrql of tbe. imaging systems 
and 'for sychronJs recording an -the data 
carrier f the rmate s -ising system. 
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For fulíilJixig the firat aforet1onêd ta8k tn 
compilando wlth lnternationaliy valid ancuracy 
requ±reenta relative to a whole frame biock we 
eaider it accordlng to cr own inveatgations 
necesaxy to achieve in the near Íture an 
acouracy o  cter orjentation az te the flight 
path In a route relativo te ita centre lime or 
regarding •ita middle fljght attitode and the 
routeB of a trame biock relativo to each other, 
wlth the foliowing va1ues 

For the relative •on-line position aecoracy: 

in plane Ax,Ay (n15 m; n=l for h2 km 
In height Az < n20 in n2 for h=2..4 krü e1o, 

for the dynamlc on-Ji.ne attite stability 1n 
eaoh flylng height 

angular speed about. ali tbree axetá  
(pitch, rollú, yaw) < 0,278, 

and for the relativo on-line attltude accuracy 
ia each flying helght! 

ptch angle p,  roil anglo w, yw .ang1ee < 
(for photographic and CCP-natrix cameraa) 

While the position accuracy can be. realized by 
thê afrcraft alone, it la wlth respect to the 
accuracy ot tha attitude angles and tbere 
dynamlc stability after the preatabillzatlon by 
a flight control system possible that a dynarnlo 
angles-stabilised platforin performe the fine 
atabllization for the parMoular recording Gy-
tom exeept for tho above-mentioned residual 

values. 

A future-oriented navigation syetei capable of 
meeting the abve reuirements ia intended to 
be used ia a atellite-based global pozitionig 
Md navigation system such as G1D1ASS (USS) or 
S-avsta (USA). •which may give a conside-

rabie •inpetus te tbe increase f quality and 
quaritity ir remoto naing and particularly in 
photograametry. 

By m~is of a reference signel and a pbe@e 
metering of Interferometer unit tbe GPS Navatar 
Ia also in the civil C/A code capable. o! aut-
matieally controllimg more exactly (c.f./2/) 
and more effectively than hitherto both the 
!llght parainetere oÍ route guidance and attito-
de angles via a flight centrei system (inclu-
ding autõxilot)  and the recording system accor-
dir -te 1mage-seuence, direction and attitude 
with a» on-limé total accuraoy of tbe &xwe-
inentioied values as well as the reatitution 
instrumento with the reoorded orientation data. 
Slncè the orientation data are aoquired wlth a 
considerably higher accuracy than the os-Une 
.valuéa. te te reaiised áccordlag to Section 2 
it Lo alao poasible te oarry out a hI,ghiy acen-
rato off-Jine poat-rectificatioa and a geome-
trio aliocation of the pixel te tla terral.». 

3. Minimniaation of uxtios 1nfhnces 

On princ1ple, three groupo of signiflcant 
relativo motiona can be distimguished between 
recording system and objekt acene' 

forward motlon of the alrcrft, 
- angular (rotary) vibrations excited especi-

ally by air turbulerices, 
- translatory vibraticme arising fruo the alt'-

craft engines and tho atmosphe. 

The latter group has a negliable Influence on 
the ine. quality. 

The ia! )nence of forward motion need no longer 
te dealt wlth aince o» the one hand it is well 
Imown and ou the ether hand the number of 
serial cemeras without forwatd motim can-
sation (bT'IC) is decllnimg. For theee cameras 
the shut,ter time flznitatiom involved has still 
te te taken into consideration. BA siso with 
camera system with FNC (e.g. LW, MU-6 and 
NSK-4) ft ia because of thê previously inferior 
angular motione atili riot &llowed te fully 
e11m3nate the flMtaticin of long shutter.  times. 
However, the limitation is based os coopietély 
other lawo than for !orward metia». It la for 
the sane angular motins Independent ot the 
flyl.»g helght. The effect o angular airàraft 
vtbrtiono en the inage data was analyed 
accordiag te /3/. 
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Fig. 1 Max~ ehutter epeed 1.» dependence o» 
roli motions for a photo 612e. o± 23 em x. 23 cm 
for varlous maximaily adinissible image point, 
migrations 
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In fig. 1 a dagriis showÍ 	presitxig the 
mc21y &utter te as a fimctiot of the 
particular' seed of angu1r mótïõn and of t.he 
maxiiia11y a&nlsalble 1sge 'biur. to be eected' 
in the ixge comera. 

The anguI.r motions of .an..aircraft or beUccp-
ter are bealdes their stochat1e nature largeiy 
of .a pmiodtc nature and can be •desribed by a 
um of two or three auperimposed arsoid1 or 

quadratio fúnctíope, Their typical frequenc.tea, 
whlch .exert the largeSt effeot on the iinage, 
11.e between 01 and. 1 Hz. and tetr angular 
epe.ed amplit~ are 51gnifcantly dependént on 
t±lencea. tinder ~MorjB af a qulescent.. 
flight (wlthout noticeable turbulencea) the 
mcli motion of .àeplasea with. a take-off 
welght of abt. 3 t to 6 t wtthcut .autopilot ay-
'Zfl'*C)B amplitudes of angular apeed :Of U 
to 1 °/a and at medium turbilencea of up to 4¼.. 
Ae agaixist tbe mcii motiou as the trongeat and 
irç.t influential argaJ.ar component the øther 
"tngular w~1imte of pitch and yaw Increase 
the inaxirnum total imae rôction by about '25 :%• 
Due to the vectorial additi.on and depending on 
tïe ph&e Piait1on. õf the angular vibratlóns 
the 'maxiam of linage pelnt mot.loa ocoura nt 
lest la crie i'oint at the linege edge cm la one 
rzif the 4 imge comera. The latter. case is 
UJ.uatmated br as exale la Fig. 2, for wblch 
tbe max1*in of tbe three angular speed coapõ-
'nesta are ivat lxi rase. 

Fig. 2: DeterminatIot ot total angu].ar pixel 
blurimg for various ~to coordiflates accordlxig 
to imageorientation 'la te aimcraft. 
ExamPle of UIK-15 at a medium.turbolence 
(.,= 3 °/ 	11s3 and a. nhutter time 
t= 1/350 a cm at a scarcely nottoeable. turb-
lênce (.Z 1°/a; 0,4'/s). at t &  -1/120 a); 
thedrift ia compenaated, i.e. e0- 0 ° ; 

-matiisia ia phase; ia the image r 'sianda 
for W(á) etc; the foil wig numbere àrè the 
aajnts of migration (b]xiririg) given iii poi. 

On the other hand for te instantansous 
vibration 'etate: 	 and 

0 °  ia the mlddle of exaure the 
inax!wim linege biur wouldbe evide.nt approxi-
mately on the wbole left and right image ages 
and the miniTMnri biur cri the whcle iinàge 'centré 
Fina ia fi Jght ,dJ.reotiori, 

rough tho influence oE a real photogmaphio 
ehutter witb as efficiency batween 70 % and 809 
the linage sction. Jxdng aotualiy evident ia 
the .irnage is acçoTdtng tu 1111 ia contmaat tu a 
theoretica].j.y determlaed image acition ef 50 us 
for as' ideal nhirtter (ln chutter efflcieno.y 
100 %) reduced by abt. 25 %, so that In ccruzeo-
+,Im with the abovemenlilcried 25 % IncreaBe 
conclusions tu a. t.tret approximatton Óan be 
dmawn la praatl.ce from the rol), rnotiÕn alone tu 
the linage motion. Ia any case, however the 
irriage nyit1on. is dt.e tu áU angular iet1on 
c(TJp()flents nubjected to a raxdon procesa froifi 
imae to Image, since there. is no couneotion 
beeen the temporal cource of the angular 
spaed. amplitudeirid tha moraet cf exro'ure 

Theref ore, It may happen tôat one cm caveral 
.photographa of , hlghéat cm high re6lut,tõn wti*i 
long shutter time are d1YCCLt1Y 'foilowed by crie 
balng intolerably uriaharp. Normally it ia ao 
that with sdherence to the. 'given shut'ter time 
Ilaitation the statiticaI dimribetion of 
sharp and lese 'aharp photos. atili .000ura, bet 
the h&ghest image biur 111 then no l.onger 
exceêd the admisible. meaaure, Tbas, In a 
rassonable systeni conception tbé. stochastic 
lafluence of the angular image .riiotion has tu be 
consldered alréàdy ia the iristrument deelgn la 
order that a waste of inaana la avofded, when 
for exaiiple an iaag'izig eyutem with highest 
resolution. which. is well mito--d ' 'for tbe 
quioscetit fllght 'ot a satefl'l. -te, cm cri' tbe 
other haid la 'as airoraft statistiosily reach 
the inaxlanm resolution only la crie of ri photo- 

In tua case of ao~re the; agr motion-
lnduced distorticin withia one une cnn be 
neglected, tut between ndjacent limes. it anut 
absolutely be taken irM considemat'ion especi-
al].y taecause of oocrirrtng soanning gane. ia 
particular wheri a sniai.l exposure time ia 
cbeoen ia rejation to the Une :le  frequency 
ia favour of a aniali pixel bluririg. (»eriappimg 
or soitiple 'anriing as lIiustrated 'by way ef 
example in Fig. 3 cnn be..redtifiad aferw"xls, 
lxtt msaii1g object dataila with dimensiona 
asailer than ar equal tu tbe peittcu1ar 
aoannirig gap la conequence of tmderscannlng 
ca»not be regained:  la 'the followiig 1me 
prOçesBlag, ao that at 'leant for thia an ou-
'lime ccspaation techaique has tu be. ag11ed, 

Such motim comperisation technlques were 
miggeatud on tue bania of lateSt knoledge 
described abõve and déyelótiéd u.p to anturity of 
invention with the partners meritioned at the 
begl~ They concemn a dynarnically arig1e-
otabilized platfomm according, to /4/ 'for ali 
recordiflg Bystme, the choice of the l±iatarit, of 
exrosure. ia phaaes õf minijanm angular mot loa 
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Flg.. 3: Diatortion of ccairning on ground 
(detector exposure time t « acaimirig periød t « angular rTt16n pertod T) 
a) with airailtaneoua Influences of roil and pitoh rnotiona (tZ ,  and 4) 
b). with mmltwtecus, influences of yaw and reli motiona (.k and) 

accordlng te /5/ for p}otograplic camera 
Byetams and the electrenls, aeleotion óf 
detéctor elementa of an array for an 
inatantaneous .deaired ecan liné 'whioh corres-
penda to the desired flight attitude according 
to /6/ and Fig. 4 for 8cn)ers.. 

P1! dE 
Fig. .4: Detector array (1) with a nom16a1 acan 
lime directed vertically downward (5) and em 
looki.rig ahead (6) with the antion ranges 
(2,3,4,7 and 10) 

4. Mmxi nlzattõn of the usable im&e imfornation 
denaity 

The usable linage infôr=tion denelty 16 defined 
as the processabie information anttty stored 
on a remota senej.ng data carrier »er unit arca 
thia lnfonnation quantity ia differentlated by 
the geometric recolutim Cor limage modulation) 
the radlcmetrlc resolution (grey vab.e terape-
rature atages and othere) and the apectral 
resolution (band width per channei) In rhoto-
graic rconing systems their ix16iation 
wc&fld be the achievable gari.t ef grey valuee 
per fUm arca and the maxim1m epatial frequency 
16 reaolved lime s per mlllimeter and wou,id 
~r alia be eynonya w&th ta-i--optimlaation 
of merlal Ünmge exposure ccf. [1/). 

In modern aerial filme with strongly zeduced 
emulsion thicknessea (e g o1)-VF 45 or 1ODAK 
PPNATIIC-X Aerogra*tio II), the resoiving 
power ia only weaçiy dependent os contrast ao 
that we plead for the fUIl ttiliztionI õf the 
possible denaity volume 16 thé image os the 
linear porticin of the characteristici curve of 
abt. 1.6 denaity unite for the VF 45 type as 
coazed with the previons constant iiinitatlõn 
to 0.85. 
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Ir cmjunctim, with the details given ar Sc-
ti! S this eXte'-isiu-i of the density volume, ar 
improved differential exposure meurensnt and 
the use of miracmpters ol the basís of 
refined. t jtaticwi algár~ with reqard to 
e-e photographic systems coulci render it 
posmible to mdive mmx nizatirr of the 
recordd immm .infmratim dersity. 

Ir this connsctim me has also to cc,nsider the 
tediio1ogy Of asnal fiim deveiopt, ftr tl 
afaremertianed measures require a 'film develop-
ment at a nominal qradien't beij-ig cmtrbllabie 
within the. fjlm. For this pjrpogea ctinuc*is 
processinq, machine has to be difiad SO that 
tFe rata of travei of tha fim as autosatical.ly 
cmtroliad bythmdata.carraer Which is to he 
scannad synirmt,ue.y to tha film ar cn the 
film (f. /10/). 

5. Fi1ti-ssnspr tcncspt 

With the SUMUItanecus Use nf differEnt suçple-
mentin rscording systems which nparate mi thar 
indepndentI# af sachother ar ir ar, •ent -enced 
version cciupled tc,gether, the £nterpretaticn 
railability and informatia-t rapability o'f the 
remota sensing data can imsadara1y be 
iricreased, wi.th the added effect tt - at their 
acquisiticjn bermas more ...Ç. The rrulti-
ccept in rete senainç which had aiready 
been suggested .years ago by leading. scientists. 
o'f vanious cauntries,can now be realized with 
the presmnt etate of microe1ectrmirs. lhís voas 
stated ir 1998 at the l6th Cmgress of the 
ISPRS ir Kyoto/Japi ard reccimndsd. to ai 1 
rintrims -for applicetim WtJ, the ccnducticn 
af the. "tOEX" complex exçriient of the inter-
national iNTERD! cooperaticrb lirst 5teps 
were undertaken f rum 1986 um in.iir- ctin of •a 
mui tisensor use in the Remota Sensang Davis.um 
of the INTEWLUS which were then continued by 
the creation of a ZKE-2coupied biock for the 
si.auItaneous use of ths ((-4 Moi taspectral 
Casara and ar, LM<, Peraal Camara operatad f rum 
uma çzumtr-ol unj.t (cf.. (91) and whirh chai 1 ba 
foi lcwed by a thematicai l.y  programabie apto-
alektrmac multaspectral tmagnp systam (TIJ1S) 
wwld hav to be ccntrolled by radiometric 1  
apactral, meteoraicgic geometrar, oramntatza, 
and mtion data Iran, tbe . advanced objsct una 
faeld wharh are supplaed by ar advanced fiaid 
sanear às it is su gastad ir 18/. 

The degree af automtiD, cf e-e reccrdjng 
systems is furthsr increased . . -in arder. . -ta 
simpii'fy operataun and to ~e the ntunber aI 
õprators flepded for tha. reccrding . system ir 
1±E aircraft. 
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ASPECTO MW FIRET RESULTO OP THEAPPLICATION OP 
ANGULAR MOTION CO1IPCNATXON (KC) 1W TWE 

L14K JERI1L PHOTOGR7PHIC BLSTE14 

Norbert Diete, Cari Zeiss Jena, GDR 

ÃBSTRACT: 

Image quality enhancement is one of the Inain concerns of improving 
the instruments for lõgging of primary pbptographic data. 
Considerable progrese was achieved thanks to the simultaneous 
applications of high performance optics, photograpic material of 
strongly enhanced resolution and the compensation for the àircraft 
forward motion (FMC). 

Now, more and more the surrounding conditions of taking aarial 
photographs revealed to hve a limiting effect on the further •and 
general quality enhancement. The logical consequence of the 
preceding scientific-technical process was the development of the 
BM2000 gyro mount as part of the 124K standard equipment in order 
to coinpensate for any image motions as complete as possib1e. 

Based oh the resulte of a flight using simultaneously both a 
conventional. and •a stabilized  mount, the present paper trios to 
give a. first •answer to tbé question for the effect ot such 
measures onthe iinage guality improvementachievable under dynamic 
conditions. Compared with photograms taken without stabilization, 
the photograins obtained with AMC showed an increase is resolutiori 
to 1304 at a flight height of hg=1200 m and 162% at hg600 a, 
calculated from the evaluation of high contrast test patterns. 

The considerable reduction of both the rnaxilnum and the average 
image blurr. thanks to the. .application ef stabilizedmount vas 
generaily .proved. 

(Original not rccejved ;n time for.  pubticetion) 
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(fl\ 	_ 
296 km. Iëcaise óf thé viewing. angle of 21.9°  
in the. t'io oiter stereo cbanneis, the image 
swath ou the earth's. .4-.tirface for these 
ehÀnnéls is separaced freis the swath of the 
nadir chauneis by about 140 .km. 
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Figure 1. I1OMS-02 Optical .concept 

Figure 1.. sIOws a scliematjc repres&ntatibn of 
the NOtlS-02 optícal coneept: In order to be 
able to Fitifill the difterent usar 
reqiitr.émenxs a modular concept. which was 
already sucefully proven by MQMS-01, was 
á.el.è.c.t-ed;The sysicin consista of five lenses, 
thrée of which are intendsd for the 
sireoscopie lnages, aid chè other t ,;i6. for the 
multi-spectral iruages. The central lena, wi.th  
a focal length of 660 rn, forma té. cote .oE 
Cie- camera systom. It makes possible thW high 
resolution irnagety wltb a ground pxei size of 
4-.5 X 4.5 m. Tu order to attain a sufflctent 
wa sth width with áuch high resojution, twa 

lineãt- sensora are opticall.y jotned to each 
other In Lhe £càl plane. lii connec;iôn with 
Lhe ceitrai high resólution lena, thete are 
twa other atareo lenses., each wjth. à focal 
iengthof 2372mn. Because. of their pttcb of 
+21.9 and -21.9 , réspectively, relative to 
the direõtion of flgh, three-fold 
sta'reoscopic iaagery is achiVad, 'rhe focal 
length of dfiekø lenses weaso chosen, that 
rhere is ^%iintegral relationabip between the 
ground pi-xéi slzés seen 1y thé ,  Eigh resolútiàn 
chanuel and. tbe :lwo I'cijned chanueis of 1;3 

In addition, two other lenses, each with a 
focal length of 220 isa, enable the istilti-
epectra]. imagiig of a total of four channel5. 
In ordr to acMeve this, therê are two 
sensoas in the focal plane of each leria,  
together with their correspoiiding ftlters. In 
order te ease . the i.magedata analysis, .the. 
telation o ship of tbe grund pixel sire .of the 
hlgh raso:lution' :channél. with, that of these 
inulti-apectral channelsis alsa selecteâ tô bó 
1:3. 

Figure 2. shows !b total NOMS.-02 imaging 
geoaetry,. atd the .graund tracic resulting from 
It. The swath •width for thehigh rèsplttjon 
chaunei •an be as auch as 37 km., depending ou 
the recox:ding rnode, aiui for the ether 
chanuela, as wide as 78 1cm, :These values are 
relativa te a nominal orbit altitude. of 

- 

El.ure 2'.. MOMS-02 imaging geanietty 

Jn tha novarage areas, because af the size 
relationships ci Lhe ground piels, it tákás  
nine picture elernenLs of the nadir vio.wing 
high. reso1iiI101h channel to fui Lhe area. ci 

Qfl oI inuitl-àpectial . pixeis. The asma 
liolds for the ground pixel ar+a relationship 
between the high resolutian dianoel and the. 

:two angied sIerao channeis.. 

Tabie 2. 	Lets the most ipõrtanL opti cai. 
parametera of the N01S-02 cainera. The center -
àeteigths oe Lhe ecran ehannels :a 

distri1 	yr nted ce a range betwen 47 na and 
790 na. The correaponding. bjidwldths. of Lhe 

iitL-spectraJ. .chania1s, vaty hetween 35 na 
and 65 ias.. The stereo chamneis all cover tbe 
sarne parichromatic region, a bandwidth. of 
240 na with a ceneer wavelength. ei 640 -na.. rhe 
hLgh optiçal quality ei the 1amae :ailows -Lhe 
values of the zeudulatian transfer function Lo 
be rsad eut at the NyqtiistE requency. 

1~ ce,flïo44aaa44. 
14444V 

44400444001 
*42*1 

FDV 
C~ IV*Q04T0I 

040 42 44444 44 j*.tl *44444 

2 240 42 44 *TJI 444 

240 42 444$ ao :7.$. 

4 400 42 4) ti o44 

6 460 '40 44 15 1344 

1 2272 244 444 t04 * 744 . ou 

7 2».2 40 440 040 ±73 nat 

Table 2. iiOMS-02 Optias pexormance dáta 
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Figure 	. iiluntrate's the MOMS-02 stereo 
imaging 	prtrci pie 	and 	the 	associated 
diffftu1ttis of ltér. image data 
interpretation. Tha three vieving an1es 
al..ready,  diactiseed make: tt possibi.e to irnage a 
Wj1.ttt A :Ótl the parth 1 x surface, .at íhree 
dLffereTlt tines., aimd wflh tlie three different 
.vteing angles. This scenaLio makea che larer 
stereoscop-iit interretat:ion possble..Thefaçt 
:thát thc thrée I.magea are recorded wiih a lag 
time õf about 20 secoymds maks it very 
difficult Cocortulare  t.he 'Lwage, beaauso of 

the iiiterverii.ng niovement o.f the platfàrm. In 
'o'rdey .t l,ier bê eble to ,nodl, and thua 
compensato. tor t.heso móverlantB, oX.her 
approprIte suppiemenary data must be 
availeble.. Theso are for àn, the position 
data gven by TDRSS traektng. and for , another, 
the at.tUade data deli vt'rI by the Slutti:e 
'naVigat.tim s's eia (EtflT). Thi ltter are 
suppoaid to bit iecord(- - d 	art1 y with the. 
•I OMS-02 image dai:a din iim; ihm tLtht. 

Mgure. 3. MOMS-02 Stereó imaging 

1he. Stret reguirernenta -placed ou the imaging 
qual i ty of the camera requ're the use of 
niódern CCI) seneora. Table 3 11.ta the moot 
aignificant praiaeters of the appiicable 
Fair.chiId lLneàr arraye. 

sENsoçi MIRCHI.DOO 191 

140 OF. gi.FMSJ1TS PEÃ SEsEOR 6oC 

plEi.srzE 1 	lOjm. 

$40 CII S4GNM. OUTPSJIS 2 

FUtLWELCM'AOIIY > 758000 

AOOUT 1101SF 35 -50.7 

MICR10IGE > ispw: 	io000Ct 

SAI1JRILTION0UTPUT VcLTAGE S 	4.5 '1 

CNARSF 1RANSPER EF$CIEI9C1 .99999. 

)TF $.t IIIIOUST FrCIJtNn' 50 IL 

SP€cAL 9ANdE 400-OSOp. 

Table 3 MOMS-02 Sensor characteristios  

.Special. empbaaís shouid be given to the wide, 
dynaoic range af 6000:1, as seli as the tbarge 
transfer efficlency of .999999, hich assures 
a hi.gh suadulatioss t ansfer funct.iori. 

the h:i.gb  data rate of Lhe lOMS-02. cnnats 
.gives riise to certa Jn operational limitati:óns 
during the mission. 1Iiø inaxiwurn data rtodtng 
rata of tbe :on-hoard magnetij tapo recordar is 
iDO Mbit/sec, which inéans t.hat ali Lhe 
chanels cannot  be pperated s.lmuLtaneouesiy. lis 
.order to ba ab.Ie te manage the hjgb data 
rate., data c.oJllpress±srn is neeessary, 
.aspociaUy tu •the ht.gb tes1:utliv charinel 
.which is toinprnsse.d from the' original 8 to 6 
bits. It was determined .rhát the õmpreaiôn 
procecb.1re wnLsld not Impar Lhe abi li ty to 
interpret Lhe ataTeo Lmageiy. The miii ti-
speetral hnne1s an bis rec.otdeit wi thout 
compresion. with the firli rad.ieiet:ri 
resnlution cif-  ti hi.ta. Tha adaptãi::icsi of the 
image te thé durrent ]ighttng . condi ti ana 
ocçura y a •swltcbi.ng of ti+ 1:troniç 
ampI ification factura 

Tablè 4, lista tbe aeyn opetarional modas 
proposed for the m.issíors irs addi.tion te the 
twc, pursily sterco and nniIL.i.sp.ctrai modas., 

ri soveral combinatios ef thse .axe ossLb..e. 
In modas 6 and 7., oisiy bati the high 
resolsition ,cbannel (,d esiÉpated by 5A i t!t 
table) is used. This limitatien of Lhe svath 
w.idth is due to- a iimitad data rate. The 
chutca. ai opetationai moda dsirLcig ibe Elíght 
is.- daterruined b) the correaponding ovorfLigbc. 
i-andsçapa type. 

UNE SSWIIIEL cckNkfli 

1 ISRAH STEIIEO CIWIEE1$$1 5+1 31 1O 

2 ULUUFECTP$4. 14)4 ~as 1 +293 + 4 li 

3 442 STEEEO MIS CHJ44IILS 3+ 1 	 514$50 ÇHISINELS 	i r •1 

4 415 $25 550 455 0144E4FLS 1 ir-24.4 	555$50 13W4eL. EI 

5 es 215+50 CSO4MIIIELS-I+3+-4 	$TCAE0aI+I*5Li TI 

II 	+4 444 CH...eLS2 9.5 	4 	 44$ OW4I. $4 .54131 

r 	1)S 	+44 p5CI)l$l+EL.51 4-3+ 4 	RRÇIR+NSISL$A 43i_ 

TISbISI 4.. t1Oi1-02 Operation-modes 

lhe 35agnetic tape recorder atiows a masçirnuUi 
recording time . f 5.5 hours 12 órraspondI-ng Lo 
a data áapacity of 2.5 -X 10 bita-. 9ieh It:ds 
recording capacity, R-LO niillion km can be 
cover.e& depending on the comblnatiqn df 
opràtiÓna1 medes used. 

Figure 	4. 	sliosrs: the 	MOMS02 	system 

configuration. The carsera, devaloped by MEL 
comprises E our modulas.. These are ibe optics 
module wLth the Uva lenses ard the aSoc-Iated 
ontrol ánd read'-uut electronica for the CCD 
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sensare, a power supply box a logic box e  and 
lhe magiet.i c ta'pe réco±diug equiprnent The 
magnetic tape •recorder. is in a sealed 
:cotta.tnar,. since during tperatioü, a s.l ight 
residual at[oosphere is necessary, 

l'he ent.i.re  sytem is .mointed on a bridge 
etruo Lura, - and meets free space. con4irion5. 
Jecause Lhe bridge La meL arcessibie during 
t:he f.:L ight, th.t,. magne Lia. tape cannot be 
•change 

õPc 

TAPE 

Figura A. MQMS-02 SyaLem co.lirígúrátinn 

3. 1)2 MtSSI.Ol,! PÁRAMETERS 

MOMS-02 ia the only oarth remota aenaLug 
.sy tem cm t1ë 1)2 xnisSion, and *hrefoi müt 
be i.ntegtabed into the lïmiting eperating 
oond:itiçns õf the othé.r., prirUai- jly a ariI a 
solences, expetiments.. Tite orbit inclinatinn 
has.been reduoed froni Lhe origin1 57 .tm 28.5 
ao that for thia mission. mainly .equaLór.il  
regiome wffl, be covered, The çurvent latmch 
date c,f .the :STS 52 fiL8hL is .set for. March 
1992; Lhe projected Launch time is 1600 UTC 

The neceasary recording conditions for 
M01S-02, with •a solar altitude -  of bétwen 20°  
and 70 ° , MUI be shiftiug frorij the nottbern 
latjtud.es to Lhe south during the çouré of 
the mission. Because. ot this, .t.he overf:iight 
.surface arena deired for photogrammtric 
.intérpretation, are Only accessiblQ at Lhe 
beginning of themission. 

Figure. S. shows a typiral qbit pah, as well 
as Lhe borders of the possibie co arage area. 

The boxad-Ln arcas are Lhe regions. of priinary 
interest for the. Áii.enrista .aticiatig in 
Lhe iiiiss.lon. 

Figure 5. MQ4SO2/D2 coverage 

4. )ATA CON(EPT 

lhirino. tbe
L 	

seven day 1 1::ight of MONS-02/02, a 
ottL of ebout 2 . 10 bita ei data, frem the 

eperat:icnai riiodespro.viously- described, w1.11 
be recorded, on high denaity magnetic tape. 
ihe recorded tape will be taken out ot the 
:cõntainer siter Lhe land3jig, and flowa to 

ermany fór further proceaing.. 

Figure. 6. shows au bve"vtaw oC -  the data 
processirig .ÇOUCBPL develped for 1WNS.-OZ/D2, 
To 'get a quick óvview of th mw data, a 
Qttik1ôok data aer 1-e plarmed.. Thia. imáge data-
se-t. w.ill bave a 5Lrpngly reduced reso].ution, 
reduced hy a iacLor ef 5 for beth 1-1ia rows and 
columna. 	ecusa o1.' :Lcb larga quant.Lby of 
data, •it is .planned te atere the u&cklook 
data .ri Sri iit medi*te. jpt1ca1 diek.. FrOII 

thi-s optirsi dïsk, Lhe Qixicki.00k images can -be 
eadied ter singLe CT raptes. and/6r preduced 

as fim.. 'lhe Quieklook Linagaa are Lo 	used, 
for oria to Lhee1 Lhe qual ity oF th Lec'OLded 
images and., for anot.he. to .se1eci especially 
interastLng images for Lurther processing.. 
The Quicklook magas aLso, repreaenL the 
gruiidwork for 'the pmep.aratori ef a 
catalog, 	which, 	ter later us.ets, 	wi.11 
streámitne tho sêiectjot ptoce3s ,f 1fl5gP _,o? 
interest. 

Afier 	Lhe 	Qucklook 	prépfOcessing 	Lg 
completed, rhe aotn.ai icnage processing- wiï!. 
begin. Tbe beginningwíii be .the  cpnvaisJ:oii oE 
Lhe IIDT. data into Levei O computar compatíbie 
foini This procesa w3.li iun cri a speeia11, 
adapted Gould computar.. Wfthin titia proceas, 
Lhe -decompression of Lhe data. which was 
coiupr.essed om.-board-, wi-il talçe,place, tu order 
ta restore Lhe original. R. bit Format iii the 
Orce- st.ereo channèls. Iii jease Lhe 1401&S-02/D2 
flight attitude data from Lhe 1X5P navigation 
syste is. reçorde siong wiiih Lhe image data, 
the plan. is. to generate a separata GCT with 
thà data conversion, which will alsõ contam 
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Figure 6. MOI-2 grQund segen.t 

the att;itude data thi 00-calied A-.CCT will 
sène as the input data fot later mdelliitgaf 
t:he ShuLtle fiight attit.ude. Mdit(oríally, .at 
thiá Firat pôcess 'g point.tpplementa1 data 
nade avail:abie to the prajeet by NASA, can be 
coordlllá:ted túto the M0M5702 data stream. The 
converted data 'will. iso be aL:ored ori :ax 
opticai disk, in ordér to simp:Lify :th 
mnegebiiiry Qf rhe greac quanlLty of data 
The data format. is cmpititLE with thé 
perr Lrient DLR aLinda tds. since the subsequeni 
image data seta are proposed tc be proceued 

;h :DLg-WT-DA FERE systeni. From •there the 
data CaTI be ditribut:ed :lie 'isers, 

,Iua t as t:he firat daLa convers± on rakea Jace 
On a epecialiy adaptd ffigtnframe computar.. ai 1 
the subsequent procesaing steps are planned 
for ao-c1ied workti.iona. TIS concept 
fter the advanlage_ of inereased .processing 

speeri, whiçh is cz1Fia1 Lii iight of the large 
quantJ.ty.of MQ8S data. Ina4dition. thIs 
eol3cept offers the posaibUity of more párai-
lei poces z siiig. The standàrcflation f the 
omputing ccrncept with respeçt to routine 
prepatatiqn of the imagáw data, and with 
respect to the usets, simplif Les software 

hange anEL. to posaible editing .probleius. 

Tjie Level 1 data come bout In Lhi ftanietwrk 
of the first systemàtíc correction step., 
whereby the data whi.ch had a1redy been 

radiinetricial1y corected on board, wouid 
ündergõ &ny necessarv f 113 radiomettic. 
corraction on the ground. •TIa data Stoage. 
wili be, as In Lhe previoua 	e$, on opticai. 
disk. Wixh the 1,eç'ei 1 d.ats, nacabla data ia 
availabie to the iners for th: fjrst tine 
Iii 	rhe 	fle,i&t, 	•ei'p, 	syLeniatic 	genme:tric 
corre.LLops, itac si.ratacl by the curyature: oE 
Lhe earth nd Uiei eaitls. rotation. wili be 
nade. The atorage and di.stÉlhUtion of libese. 
systemticai1y orrecte(1 Levei 2 data confoiin 
with hÉt prevI.ously dte.r1bed procedure The 
project oa1 is t:o bave the data conversion 
aiid ali syStemat±c correction cotp1eted id.t!iin 
e p.erLo!' ef Que-half .year .eEtes the !1.ight. 

Figure 6. il.iusttates the general use of the 
Levei O through Lavei 2 data. ecause the. 
Levei O data is ot suck 1 imito value Lhe us 
of the data wi.fl he concentrated on the 
radxonetrn.illy and/or aorneLrIcally correcled 
data. In many areas of thetntie appiication, 
these data are diat1y usabie in inage aid. 
CCT forin. 

In. the next 1ügh 	ais1ysis levei for the 
exainination of ateospheríc. influencea or the 
speçification of altitude dependent phetoniená, 
there wili be, along tth the systeiiiaticaliy 
correctèd data. sterép analysis inodeis, drawn 
upon for :the production of levei 3A and 3 
data 
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Th 	prodiic:ti.on of :high acurcy digital. 
landacape modela conatitutes the core nif the 
flOMS-02/D2 data aná1isj.s. Withii the framéwork 
of propa.-çing for the 1i2 L'light, the neceseary 
software psckages wili bê dveiàpad hy. the 
Science Teani, and will be tested using 1ES5 
aircraft .fi.ight data. An. intagrate4 sterèo 
work site is pianned to be built wi:thïn the 
.I)LR inst itut fur Opt.oele1trpnik, whe re ali Lhe 
søí rware :packagE5 from the part.ic.ipat i.ng 
çoJ.entiats will be lntegraLed Iii addion to 
supportin.g the specialized cork o 	the 
partic.ipating lnarriitoiis 	this work 'i.te 
.will •eriable usera to use ali the software 
pckages devêioped for Lhe projeo L. lhe. Lavei 
4 data .producis, which in addit'ion to the 
atereo inodeis, cant:aLn the inte'1 - ted 
supple:wentary orbit and sbutti.e aLtitude data, 
iepie.sent rhe s o:Lellti ficai ly  moat dëunanding 
appIjcai-.íon of rheMOMS-O/D2 data.. 

lhe itterated sinreework sita will siso be 
avai.iable to 1hoae tisera co were. not 
parttcipantsin thé •project., àf ter a 
sut;cessfui iesr phase. 

S. SCIENPIFCC C;OAL' OE' -MIE .HoIS-02 MrsTot 

The sclentj.tc udanca 	.WJMS-02 1)2 
project is real.Lzed In Lhe form 'o! a .Sci,nce 
Te,am nade up of sienLi.sts In Lhe areas 'af 
pLogrammetry and 'thematLc znappirig. 

'The. Tin» objectives are: 'o dELf 	frouu 'a 
scientifi'c vi.e.wpóint, the iieceasáry,  
.quiréménts. 'for .the MOHS'-02/D2 hardware, mid 
te oversee its onfo'rmanoe Lõ t1e flOMS-02 
specificatinns 'ihroughoüt Lhe dütation ei Lhe 
project. The Sojenre Team is suppotted by the 
pro.jÉct manager. The team de.f mas 'Lhe 
cieuLiflc 'goais of the mission tand. .pecifte.s, 

'during Lhe rça pa± tións phase, 'ail conditiqné 
for tha laLer' use ef Lhe rnssioct data; W1L.h 
Lhe 3-1ire orrangenisut fti the' panchro!Áattc 
regi ou ', a stand-ai one photograrninetric ateteo 
'tterprêratton o'f .high' olttti:on houid ]a 
possible.. lhe foliowing iunctions are te. 'ba 
:'differntiated 

- 	lhe. possibility of thé stéreoscopi 
visual image or Lhe c.orresponding automa.tic 

image processing: providing bettr 
'interpratàtion. 'for t'opograpbic as weli as for 
thematic contenta. 

- lhe bgh resolution of i'ess than 5 is 
•ground' picel sire wL].IL af'f.ord thd manufacture 
of high quality reseatch mapa, and 'not, as 
before, at a. ievèi. of reduced etaudarcia o.f 
quaiity. 

- 	'Ovar 	and 	.'a,bov,e 	•cartographic, 
requirement's, ,MOMS.02/D2 will çreate' 
óutatand'ing data aàurce for Lhe. podudtion. ef 
topographic / geographic data bases and for. 

Lhe devéiopinent o! :geogtaphie information. 
ayat;ms'. 

- For the.EiLure, the 1OM$-02 'system wiil 
cffer :the pre-r'equislts need'd Ló de velop 
photo-iiiaps; tbat is, phoio/inap colnbinati9ns 
ad'àpted tb dema,nding, spectai'Lzad po'nts -'à!-
yiew. 

- An original, iinport.ant rsk wtl.l be Lhe 
rnaeufaàrur& oi di.g tal terrai'u mddeii W.Ith .an 
acciirary e! 5 te .or bet ter. A significAnt 
of 1:hé mlsaioii is te. examine and prove this 
pnrformauee 'capabil iry'. 

- lndepe.ndent ef othe uses', 1JOMS-02 ciii 
bê Lhe. Loundalion o£ ibo deel.epaterit and 
test'ing 'of a Euiiy digital. photoramrnetri.c 
Lnagtri,"and naiyaie system. d' Ubús viii :iy 
the. groundwnrk for Lhe digital :phot"ogranetry' 
1f the '90's'. 

'Tbe .ernphesis qi' the theihatie sêUticê objective 
lies lo Lhe 'l'iking o'! high resolutipn stereo 
dat.s w Lt11 sinnl Laoeousl.y acquired' 
'teuliispe'cttal 'data,. 'lhe. everJ .,d't'fferent 
operatirnai re'çrdiug inodes ei IWMS-02 enable 
th éxauiLnaLioi e! . vide range o.£ d'ti fèring' 
'thematic arcas,. Scientt!',ic experimenta cen be 
'tiiaed Ln dlH'trent app'L.itioiis , evór iánd 
aiid ovas cates. because 'of the fiexibilitty af 
t'he sensors. Such experimenta Lii Lhe' 
deveioprn~ and testit'ig o!' analysis modais and 
'itt tJte comb'iiiuiig o! 'dif!ereiit sertsõrs, 
1:.Liust.tato t.he expans Lan o! Lhe uril.ity of.  
'ramdr,e hezising ,iiteth&h. 1h15 ,axpaiia.Lon wili 
earr'y Lhroi.igit te tbo aoittt,Len ef pr,ob:iem.è in 
Lh obsr.'.'ation and 'analyi.e 'ef the change-a ,1,ii, 
our earth.' a 's,urface. Exausplee o! these 
prebicins:, tnci,ude dsertifi'tat jçju, vegeta tloit 
index., deferes tatLdn ef tie tropical rAni 
foreal's. geochenicai a'id hydreogicai ibang'es 
'in Lhe s41. and exaniida't.lon Qf' t 
ccncentr'atlon o£ rai,riaral reourcea. In 'nany 
Lnrnatlol'kai próg reuna ('Eur,epóah 'Cotnmunl,,ty and 
UN')', pi,l:or projecta and experimenta]. 
contrj]n.it.j,ons for the f,utute''bettet Laa o!. 
spacefiight techrtóingy can be reaiized with 
NOMS -02 - 

The ate'reasoo'pic rndde ,enables aennÉ'ct'Lng 
digital 	Lhree 	dimensional 	data 	wi,Lh 
muttfspectral 	data, 	thêreby 	,iniprovirig 
ccllvextt'j anAl. 'image interpr.e rat ión. . This' 
c,onnect'i'on''will' aliow, "foi' the firat time, 
pi1o't eiqreriments 'Oh synchronously .acquired 
data seta in dif!erent appiÏcation.s arcas over 
land surfacea to' be carried 'out.. lhe 
conipari'son of iniages taken from different 
viswi-rig angles. (forvarda, backwards',, tiadit') 
makes. it possible 'te e'am1ne the angle 
dependeiwe' e! surface' s.ignàtures as' ccii as 
the examination of Lhe surface bebávior in 
coastal. oceanegraphic areas .(e'.g., 
transparence ór wat:er'depth). 
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MOMS-02, with its modular. concept-, its, va-
riàbLé recórding. modes, and ita high Apatial 
aná spectral rasolution, enables definitiot o.f 
optica1ensors for future operational. 
applications.. Speciai a.tteptidn in this regard 
is appiication to uture ecologicai 
observation systems in connectioii .wtth Laging 
spectronters such as MERIS and HIRIS. 
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PRSARINO TRE USE OP ERS-i. DATA FOR TROPICAL FOREBTS SOIL MAPPING 

Frédérique Seyler and Bons Volkoff, QRSTOM, Cameroon 

ABSTRACT: 

)\n airborre SAR experirnent lias been carnied with a C-band radar 
(DLR systein, German Acrospace Research Establishiuent, Gormaay) te 
prepare the use of high resolution imaging SAR which will be 
launched with ERS-1 sateilite. 

The aim of the study is ttie evaluation of the microwave data use 
for the mapping of South Cameroon forest lateritic seus. The 
scale of topogTraphic and tiieinatic data which are needed for this 
mapping have te be coiupatible with the size of thc itateritic 
systems spatial variations. Usually, in yat unknown regions, 
serial photographies are in use. For huniid tropical areas, this 
usual method cannot be iniprovd due to the everlastinq clouds 
cove r - 

A tirst experixnent lias beca carnied out ia the south of Prance on 
a forested area of medium size relief, seeniing for the topography 
and the thick forested cover te the South Carneroon modeling. The C 
band SAR data s  acquired ia August of 1989, have beca tested by a 
comparison with the great anount of auxiliary data available for 
the choseri area (SDil map, vegetation niap, digital terrain model, 
SPOT image data). 

(Oi'Igmat not reeved In tim for p.LIctIor) 
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GPOT 2 — FIRSI' IN—PL1GHT RESULTO 

Patrice }Ienry, CNES, France 

ABSTCT: 

SPOT 2, the •second sateilite ef the SPOT family, will be 1auncied 
mid-january. 1990. 

A two month check aut period is. fores.een, •to perform an overali 
assessinent of tte hnage quality both in terias of geometric and 
adioiuetric performances, and to confirm the good results of the 
ground tts. 

This paper presente the very firet in-orbit results, and a 
comparison with the system specification allows te verify how the 
requiremente are met. As far as service eontinuity is concerned, 
the SPOT 2 results are compared to sPOT 1. A particular emphasis 
is put on the oportunity of using easily botb SPOT .1 and SPOT 2 
data for a given application. 

Thus, •the follow-on of the SPOT program ensures, to the remote 
sensinq çomiuunity, the lõng teria availàbiiity of high resolution 
ilaage.s. 

(CWIginal not recelved in time for pt4cat(o) 
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bstract 

The remate sensing industry 
rapidly expanding, 
goverrunents, private entitié 
research institutioris, 
database sérvices, te naine a 
few., will invest hundrede aí 
ii1ijon3 of dàllars in the 
technology. Ccnsidering the 
global. coverage, cf remete 
sensing systems and their da 
and the ever inereasing 
interdependence of economia, 
environmental and political 
systems,. international 
cooperation is essential. 
Thus, to make the operation 
the .satellite sytems 
financiaily profitabie, to 
avail tha systems to ali 
possible users, particularly 
to those in the developing 
countries and to promete 
international harmcrny, the 
establisbment óf cooperative 
arrangements among: national 
orgàzatiôns and private 
enti.ties will promote the 
widest appIication and •the 
most succese fui ventures in 
usingreote sensing te 
monitor õur Earth's 
environmeht. 

biliins for the 1990 1 s.. 
Despite the technoiogicai 

is 	progress in remota Bens ing, 
obstacles exist. These 
obstacles iriciude developing 
the remota sensing systems,. 
educating usera about the data 
and estabiishiflg legal 
staiidards. These obstacies 
result frõm the fact that 
diqning. launcbing and using 

ta 	a sophisticated sateilite 
remota sansíng system is a 
very costly enterprise. Alce, 
the presant and potential user 
ommunity have diverseneeds 
and have verious preferences 

of 	for legal norms Therefore, 
this papar reviewa preseflt 
availability õf earth resource 
remota sensing technology, the 
maÉket for the data, tbe 
existing internationai legal 
and political structure 
.regarding access te data, and 
some relèvant interna:tionaI:'.• 
cooperative organizations that 
mayoffer insiht te promot'ing 
international use of remoté 
sensing. 

Current and Potenti.al Use oÍ 
Renioté Bensing Systems 

Intróduction 

Foliowing the iaunch. aí the. 
Landsat sáteflité in the early 
1970 9 6.  ,new earth õbservatlõn 
renõte sensingsystems wore 
launched that introduced 
diííerent sensors. and quaiity 
of resolutions tliat exparided 
the amount of data and 
informatiõn about our 
environment and natural 
resburces. iri almost twenty 
years, .the:te1notesensirkg 
Lndustry hás grown 
tremendõusly, repressntinq a 
significant é]ement aí the 
internatiõnalspace business 
with revenues expected in the 

This paper doei not 
necessariLy.. represént the 
vjews of the tJriitcd Natjons. 

Sincethe la'unch in 190 of 
the United States TIROS 
(Television. and Infra-Red. 
Observations Sateilite), the 
first dedicated ineteorôlogibal 
sateilite, better ãnd' more 
diversa images have been 
obtained from space aboutthe 
rarth's surf ace. Although 
othèr meteorologicai 
sateliitesWere 1inchëd 
inciudihg the Soviet Cosmos: 
and Meteor sateilites, 'in 
1972, the United States 
iaunõhed thefirôtsateilite 
das igned to conduct remote 
senslng, the Earth Resources 
Technology: 'Sateiiite (P.RTS) br 
as it. became known, the Uited 
States civil :Land 0bervatibn 
and SatelliteProgramme 
(ILANDSÁT). Foliowing Landsat 
1, the IUnitedStates 
govèrnment lauriched Landsats 2 
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and 3, ánd In t1e 198Ó's it 
'launched Landsats -4 and 5 that 
prõvided bigher resolution 
(30m) thsivatic mapper sensor 
in addition to the original 
multi-spectral scanner 
Tbe. Landsat systein is expected 
to continue with the lawching 
'cf Landsat 6 in 1991. 

In-1974 ,  the USSR launched íts 
Earth observation system: with 
the 'Meteor-piroda series. 
Also, •the -SoviettJnion carried 
out extensive Earth 
observat ions. programs during 
several inanned Soyu and 
Saylut missions with a 
sophisticated Multïspectral 
Cosmic. Photográphic .(MKF) 
camera deveioped jointi.y with 
the German Deinocratic 
Repub].ia. .A1s.o, the Soviat 
Ünlon .obtains. data, currentiy 
froia theMi-R 5P.CP: station and 
Resurs:sateilite using: the 
RFA-1000 camera: that prøduces 
Very shjgh.  ('up to .2) 
•resolution. (Space News, 
Other remote sensirig satailite 
systems incl,ude the Frenclt 
remota senstng .satellite SPOT 
first launched in 1986.. .To. 
ensure 'continua]. operation of 
the Spot systèm, France 
4unchedspot2 in January 
199.0.. 	The Spõt system 
providos Iiigh resolutión (10 flt 
and 20 m') and.:  aliows varying 
observation angles which õffer 
the advantagesof repeated, 
observatiop and stereo'scopic: 
vewing. In 1988, India 
).aunchedits remote senaing 
sateilite, the. Indian Remate 
senaing:. Sateilite'. ('IRS), that 
carried sophisticated 
instrumentatlon and with a 
ground resaLutjon of . 72m and 
36m jr. tbe visibie and near-
visibla infra-red. regions.. 
Also., ..bØ. European 'Space 
Agency (ESA) tias carried twa 
major romote. s'ensing. -. 
experimente on the'. $paçelab 
and expsctsto launcb its 
Earth Resource. Sateilite (ERS-
1) in lata 1990 to provide an 
all-weather remote sens.ing 
fac-iiity capable. aí .observjng 
and monitôringthe.ocean, 
coastai, . zones, land and polar 
regions using inïcrowave 
technology. ' The ERS-i viii 
comprise, a, complex systems af 
sensors .incLu4ing a synthetic 

aperture' aèar for iinproved 
meteorological informatiõn 
system through tbe collection 
data on weather conditiõns 
abova the oceano, Other 
systems for the. very near 
future include the Canadian 
Radarsat planned for launeli ia 
1994 to provida for a :space'" 
based radar system exploiting 
the appiications øf :synthetic 
aperture. radar and the 
Tapanese Rarth Resource 
Satéliite (JE,RS-.1) and Adance 
Eart...Observation piatform, 
A1E65., .planned for launcb in 
1995. Thus, since te 
lauriching of Landsat,. the 
availability and qual-ity of 
earth. ôbservation remete 
sensing data have increased 
treinendousiy and. with. expected 
international launcties õf 
remoto sensing 'sateilites in 
the 1990 1 s there 'will be, even 
.greáter and more diversa 
amount ei data. 

Market Petential 

Witb the advent of remote 
sensing technology, land use 
planners, meteorologists, 
envirornnentalistg and other 
devél.opment specia3,is.ts, have 
expanded their lçriowledge. 
about the quaiity and extept. 
af the Earth's natural 
resources. 	In addition, 
private entities and. locál 
governments are, beginning.to 
apply remoté .sensing'data. 
According to a TJnited,-States. 
Commerce Department 'study 
(Department of:Conme,..,the 
reveriue from Saies ai non-
onhanced and valué added data' 
will grów from.74 billiont.õ 
$9 biilion dóliara froin 1987 
to1997. 

Major cornnercial usersof 
remota sensinginclude dl and 
mineral exploration concerne, 
enginéering and construction 
companies, agribusiness., 
forestry, oõean transport and 
fishing :i'd11atie5. , land 
develppment, cartography., 
researciz :ánd academic 	-' 
conununity,, etate 'and local 
goveruments. In addition te 
serving co=mercial needs, it 
iá possi'ble throügh': remote 
sensing to monitor the .effects 
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ef commercial activities such 
as the inovement of cii slicks. 
to iceberqs r  the effects of 
acid rain.on foresta and 
lakes, and the influence of 
ground erosion on faralands. 
.Also, the legal prôfession bas 
discovered that remote sensing 
can provide supportive 
evidence iii cases dealing with 
iliegal waste dumping, oil and 
gas disputes and in 
alternative dispute resolution 
cases. (Marks, 8.) 	In 
addition, the developsent of 
Geographic .Inforrnation Systems 
(GIS) that can combine 
rernotely sensed data with 
other types ef data such as a 
niap, census, and property 
ownership is expected te 
accelerate demarid. Phere are 
over 20 state operated systein 
iri the United States, many 
univez:sities have impleinented 
a.. GIS and. wlthin the United 
Nations there are several 
remõte sensing data bases, 
such as the United Nations 
Environment Prograinme's Global 
Resource Informatiori Database 
(GRID) and the Global 
Environmentai Monitoring 
System- (GEMS) 	Therefore, 
econpmic potential for various 
.appicatíons is great and 
shouid increase w±th greater 
knowledge about, the 
applicability of the data. 

Coamercial ization 

WIth . such graz-id inarket revenue 
proj ections,. nationa 1 
governinonts have 
established private (or quasi-
private) commercial cempanies 
te inarket remete sensing data. 

The United States Land Remete 
Sensing Coinxnercialization Act 
represented the first effort 
to conipietaly :coininerciaHze a. 
remoto sensing system. Te 
ensure against exploitation of 
the Conversion of remote 
sensi.ng data te a commercial 
comrnodity, the act epecifies 
that private company must 
provide for nendiscriminatory 
accees. te uneihanced, civiliari 
data for ali potential users, 
and inuat honor j:ts 
international obligations (See 

Land Remoto Sensing 
Conunercialization Act of 1984, 
15 J.S.C..secs. 4201-4292 
Supp. 1989). The Act provided 
for the saie of Landsat to the 
private sector, with the 
intention that Landsat 5 would 
be the last reniote sensing 
sateilite fully that the 
United States government would 
fund. The goverrunent awarded 
the Earth Observation 
Sateilite Company (EOSAT) the 
contract to assume operation 
and ntarket t,andsat products. 
Aithough the Landsat almost 
carneto a terinination, funding; 
was renewed and Unitéd States 
government. will construct 
Landsat 6. 

Other nations support remate 
sensing connnercial activities. 
lthough the French CNES ouns 

Spot, the private coinpany, 
spot image manages, narkets 
and distributes the data. 
Since its inception, Spbt 
Image saies have risen 
steadily, from $3 miilion in 
1986 te $22 inililon in 1989 
and the comp!any expects à 25 
per cent growth over the next 
three yoars. (Space News). 
Also, the: Sóviet Unionha 
established a marketing 
colnpany, Soyuz1arta, te 
distribute its remoto serising 
data. It is. likely that as 
ether governments implement 
new remota sensing systems 
they will establish some type 
of comercial mechanism te 
rnarket and sell the data. 

be Legal Ordar for Reaote 
Bening Activities 

With the widening use of 
remote sensing data, 
international legal and 
political implications have 
intensif.ied over access and 
ownershipof sertsed. óbjeôts or 
territories. Due to its vide 
scope of coverage, remôte 
sensing affects practicaily 
ali nations i  eitber as 
operators, users or õbjects of 
resote sensing applications. 
Nations have differed over who 
has the right to retrieve 
sensed data, who xnay 
distribute it and whethér a 
sensed statestiould haveàny 
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priority over.access: to the 
datà about its territqry:. 

The .expioratjon and use. af 
outer •space Is a global: 
prolern affecting. . .he.. entire 
jfltorn&tiQflal comunIty.. 
.Therefore, the Unitedl Nations 
has prov.ided the forum for 
estabUshing :.rules and 
treaties governing activities.. 
for outer 8pace.. inciudi.ng 
remote sensing.. Sirica 1971, 
foliowing the T3nited.Nations 
General Assetb].y : Resolution 
2778,(U.N, DopA/RES141/65.,. 
22January 1987) the .Coznmittee 
on Peaceful Uses ,of Outer 
Space (cOPUOS) has inciuded 
the agenda itein of sateilite 
remate.. sensi.ng. Dl attempt. to 
..establish a legal order.  for 
Ireiiote sensing, the. ijnited 
Natioris. . General Assembly. iii 
198:6: adopted resolution 41165 
entitled the Principies 
:Reláting -to Ramote sensing of 
.the Eaçth . from Space. 

Phe Principies on Remate 
Sensing derive from. h •  
doctrine•set forth j the 
various outer sp8Ca:.treaties. 
Accordingto Principia 1, the 

term "remete. sensing", as the 
sensing of tbe, Earth's surface 
from space for tbe purpõseof 
"ilnproving natural resourçes 
inanagenlent, laxid use..and the 
prote.ction of the 	•. 
environment." Principie.. 
aisõ defines the terss .primary 
data, processed data.. and 
anal~ inforination. 
Principie TI requires rernote 
sensir1g.açtivitEs.to:. be. 
carrled out. .fothe-ienefit 
and in the intereta oí ali 
countries..Tis.issind1ar..to 
articie 1 in the. Outer Spacè 
Treaty (167Treaty.ori.. 
Princip1e Governing the 
ActivitiesOf States..in the. 
Expipration 	Use af Outer 
Space, tncluding the.Moon an4. 
Other.. Celestial :Bodjes) that 
calIs. for the.èxp].oration and 
use of outer space ±ncluding 
the. ;inoon and ether celestial 
bod.ies, to be carried..out for 
the benefitaridin te 
intérests.óf alI countries.Ir 
Principies Ç11.. and IV, 
essentiaily. provida that 
remote ..sensing. should•be. 
conducteci in accordance with 

intérnationai iaw ;  -Principie 
XV adds thát reniõte sensing 
activitieS shouid.:.not 
carried In a manfler .that 
detrimental to sovereign.... 
rights... PrincipIes V throuqh 
VHL genera1iy cail .on states 
to cooperate í n:equitabie and 
mutuaiiy acceptable terins. 
i'rincipie. ...IX. provides that 
êtates cõnduct..their remota 
sensing programs. according to 
Article IV of the Registratian 
Treaty. tCl974, The.Convention 
on. RegistratiOn  of Obiects 
Laünched.. into Outer Space:) and 
Articie XI of the Outer Space 
Treaty... 	. 	. 

Also, the. Principies contam 
general provisions regarding. a 
state's sovereign rights, ôver 
intormation,about its 
resources.. Accordirig to. 
Principies X. and: Xi, sensing 
etates need to.discloseany..: 
iníorination thatwouid assist 
another state to avoid . 
mitigate a natural disasteror 
avõid harm :tÕ . the: Earth 'e 
anvironment. Principie XII:, 
cone idered critical . te the 
Principies, . providas the: 
sensed statewith acesa te 
the priináry and processed data 
cõncernirig: its o.wn terrítory:.. 
T1e remaining. Prinóip ias. 
require etates te cortsuit ith 
sensed states to provide ways 
for their participation 

Ifl), 
responsibility for national 
remote. sensing ativities in 
space (XIV) ,nd providas for 
a dispute raso iut:ion. 
rnechanisns through estsblished 
procedures (f) .. 

The Princp1ea ou gemote 
Sensing estabiish a fairly 
•broadinandate and leave 
unclear thè j,sue. .of. 
sovareignty and. :territoriai 
juri$dictIõn:and the roleOê 
private operato 	.i.t relates 
te sensing of. natural 
resources (Desauss.ure, •H 
.1989). . Principi:e 'IVs 
provisicrn;that calis for 
states to notconduct their. 
activities:jn amanner 
detrimentai. te :rights of 
etatesover :theÍr own natural. 
resources raises: a questior 
about natiónal sovereignty,.' 
that is, the extent that 
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information about natural 
resources applies to 
territorial jurisdiction over 
natural resources. Principie 
XII that provides for equal 
access to the data, may ixuply 
that a sensed state does no  
have priority over data about 
its oun natural resources. It 
also leaves ainbiguous 
proprietary rights over 
ana].yzed i,normation. 
Principie XIII requires enly 
states to cônsult with other 
sensed states, it does not 
address the role of the 
private sector and whethsr the 
private operator has a duty to 
consult iith a target state. 
Also, Principie XV provision 
for dispute resolutiori may not. 
be  relevant for a private 
company that. may avo Id taking 
a claiiu to foreign court. 
system. 

For con%par.iSOn, remate senaing 
laws in the United States 
Landsat Act iliustrate a. 
nationai government's affort 
to establish a legal regime 
for remote sensing. With the 
establishment of this Act, two 
policies of "Open Skies" and 
"Nondi.scriminatory Acâeás to 
Data" becaine law. TIie .tbOpen 
Skies"poiicy is based onthe 
principie that non territorial 
sovereignty extends into outer 
space (Nationai Aeronautics 
and Spàce Act of 1958, 42 
J.S.C. seca. 2451-2484 Supp.V. 
1987). This is similar ia 
article 1 of the Outer Space 
Treaty. The Act also embodies. 
a poiicy. of Nondiecriminatory 
Access. According to the Act, 
unenhanced data (15 U.S.C. 
sec. 4204 supp.II 1984), data 
that is "únprocessed ar 
minixnaliy processed signaIs ar 
fila produots collected fros 
civil rernote sensing spacc 
systems must be made available 
to ali potential usera 
"without preference, bias ar 
any other apecia]l, 
arrangement... regardirlg 
delivery, format, financing or 
technical considerations that 
would favor one biyer ar class 
af buyers over another." The 
sane information that a 
foreign nation could receive, 
an private company could also 
receive at the sane price. 

The governments of developing 
countries, that do not have 
the financial rescurces to 
purchase remate senaing data 
ar the technological 
capabilities to process and 
interprct the data have an 
unfair advantage. Even though 
the data is made. equal.ly  
available to ali nations, some 
nations lack the ability to 
analyze the data.. For some 
couritries, outsiderá with 
accees te remate sensing data 
may know more about the ti-urU 
world and its resources than 
nations do themselves. This 
is the reason that developing 
countries urged the right 
prior consent to the sensing, 
as weli as the r.ight of first 
access to ti-is data. Ti-te Land 
Remota Sensing 
Commercializatiôn Act rejected. 
the right af dísclosure. To 
ensure, however, that reunote 
sensing reinains within the 
bands of internationai 1.aw, 
the United States Landsat 
coinaercialization provides the 
Secretary of State with the 
requisite authõrity for 
ensuring that private 
cominercial earth remate 
sensing activities are 
conducted in strict accordance 
with recognized international 
spacõ law. 

Obetacles 

The future .growtb for remate 
sensing ivay depend largely 
upon educating the potential 
buyer because inany poteniiai 
buyers do not yet know how te 
use the data nor do they 
appreciate jts applicabillty. 
For developing countries, the 
obstacle are worse in terna of 
education duo te the costa and 
lack of training in the use of 
the data. Remote sensing 
data, however, are 
particularly pértinent for 
their economic development as 
weli as for the support of the 
world's ecological balance. 

In addition te data 
dissemination and education 
obstacles in developing remoto 
sensing systems, a .remate 
sensing systani requires 
exorbitant financial and 
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technoloqical coiuitments. 
Along with the satelilte 
systeia that can cost over $200 
aillion, the sensed data that 
is transrnitted to Earth 
require. epecial groúnd 
receiving sta.tion eguipped 
vjth .suitabie deccdïng 
facilitiea are needed. Earth 
observation sateilites such 'as 
the United. States Landsat 
missione require ground 
etations :that cost .about $15 
inillion in capital investaent, 
with annual exponses running 
at a levei hêtween $1 and $2 
million 	In addit.'ion, to use 
these' faciiitje .reqjires 
fairly advanced. techn±cal and 
scientific knõwiedge. 

The. enormous •technologicai and 
financial jflvestment for a 
remõte sënsing system even 
lii,nders conimer'oializàtion 
pfforts. The Unitsd States 
Landsat prograrn, despite the 
establishment of Eosat and the. 
~date of the Landsat 
.Çõmmercializat±on Act, has 
nearly .termir*ated on several 
Occasion. Por a purely 
private coinpany to stay 
cornpet3tive., it is flecessary 
to invest in nw spacecraft. to 
:deljver tirnely high resolution 
products. At the sarne time,. a 
private company nust sell iots 
of prõducts. ancl make aprofit 
and this is difficult in light 
of cõmpetition from other 
companies that receive 
euppprt, financial, technical 
and poJiticai, trem their 
gvernments. .Theref ore, it 
appears that the requisites 
for building the remote 
sons ing industry require more 
tha'n. commercialization, but 
4k1so some fõrm õf cooperativa 
arrangement vith. a 
governmentai or international 
institutiõn' 

In addition to the 
technoiogicai an4 cost 
aspecte, no un±form 
regulations exist. As.more 
nations launch and develop 
.remote sensing programs, their 
.dcnnostic 1,aw5 governing their 
remote sensing systems viii 
extend along vith tite remote 
sensors beyond territorial 
bordere. :.To eSure 
internationai harmony, notas 

and standards for 
internationai coiupatibi].ity 
UBt exiet. In au eftort to 
iinpleinent internationa 1 
guidelines for remete senaing 
activities the UnitedNations 
esta'blished- the Principies for 
Remete .Sensing. The United 
Nations Principies, thouqh 
provide for  basis for 
international cooperation, do 
not. establish áÁY mechanism 
for internationai order ef 
remota sensing. These 
obstacles point te the need 
for estabiistdng some form of 
international coordinátion or 
cooperativo for renote 
s:ensing. 

Pxornõting Internationai i sation 
of Reaote Sensing - 

coopèrative Arrangemente 

To ensure tte widest possibie 
use of remate sensing 
technology, muitinational ar 
even bi-national aliiances may 
faci litate technoiogical 
developinent and data 
distribution. Within the 
United Nations, tere are 
varlous programe initiated to 
assist deve].oping countries. 
The United Nations Outer Spacé 
Affairs Division, as part of 
its Programnme on Space - 
Ápplicátiõns eponsore meating, 
serninars, training cõv.rses and 
worlcshops ou remota sensing 
for parttcipants in developing 
çountries. Its ef forte are 
often in càoperatión or 
couaboration wjth ather 
tln!ted Nations organizatons 
and specialized agencies. 
Not one internationai 
organization, hovever, deals 
specifically with space-borne 
remota sansing ativities. It 
is possible, however, that 
soae type ef international 
cooperativa arrangement couid 
te established and tbose 
organizations like TNTELSAT, 
rNMABSAT or ESA may of ter solte 
insight in establishing such 
an arrangement.. Although 
established outside of the 
United Nations, these 
institutions have incorpõrated 
the baslc tenete. õf 
interrmational.space law tbat 
time 

'
uses of outer epace should 

benefit ai]. niankirmd. 
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The launching of 
communicationa sateilites and 
the anticipated deniand for 
international coiblnunicat ioris 
prompted the establishment of 
the International 
Teleco3rnnunication Satel fite 
Organization (INTELSAT). With 
the interim agreement signed 
mn 1964 and the definitiva 
arrangenients signed in 1971, 
the organization's purpose is 
te inake available global 
corninunications on a non-
discriminatory basis in light 
of the. techaical and operation 
expertise and signifacant 
levei of financial investrnent 
required for sateilite 
conununications. 
The organizational operates as 
a not-for-profit cooperative, 
with ite oWnership and 
investaent to finarice capital 
expenditures based on actual 
use of the systain. Revenues 
which derive fron utilization 
chargas with ali users paying 
the sarne charges, are 
distributed te Signatories in 
proportion te their investnent 
shares. 

The etructure involves both 
goveraments and 
teleconirnunications entities.. 
The organization has a four 
tier structure consisting .of 
Assembly ef Parties, The 
Meating Qf Signatories, the 
oard of Governors and the 
Executiva Organ. The Assambiy 
of Parties consiste of 
sovereign states and consldérs 
general policy. The Meeting 
of Signatories of the 
Operating Agreement considera 
future programe and their 
financial impiicatiõns. The 
Board of Governora, is 
responsible for tha dasign, 
developaent, construction, 
establishfltet and operation of 
the INTLSAP epace segment. 
The organization began with ii 
natioris signing an interiin 
agreement and at the end of 
1989,. mora than 117 nations 
belonged to INTELSAT. 

The International xaritime 
Sat.ellite Or.ganization 
(INMARSAT) established ia 
1979, providas sateilite 
teleconnnunicatjons services 
for the shipping and the off- 

shore: industry, inoluding 
conununications for distress 
and safety at sea, efficiency 
and management of ships and 
alrcraft, marjtine and 
aeronautical services. The 
objective of INNARSAT is 
similar to that of INTELSAT in 
that itaseeks te prõvide 
global., though for inaritime 
use, coininunications te ali 
usara on a non-diecriminatory 
basis, •Pherefore, the users 
af INMA2SAT, do not pay a 
differentiated s.cale of 
charges and reg.ardless ai 
levei gi developnient, they can 
benefit froni the use of 
sateilite tachnology. 

Although the organization 
operates niso as a 
cooperativa, it has the 
characteristic ci being both. 
public and conirnercial 
enterprise iji 'that each 
IPD(ARSÀT Party is required te 
either slgn the Operating 
Agreement or te designate a 
ccmpetent entity, public or 
private, subject to the 
jurisdiction ci that Party. 
The Organization is required 
te operate on .a 'sound economic 
and financial basis having 
regard to accepted cominercial 
enterpri.se. Like INTLSAT., 
Signatories, ia proportion to 
their irivestnent shares, 
receive capital repayinents and 
compensation for use ef 
capital. Unlike a. comercial 
enterprise, however, when 
there is a surpius of 
revenues, space ségment 
utilization charges inust be 
réduced. The etructure 
consiste of-an Assembly ei 
Nembêr states te consider 
policy, a Council compo'sed of 
Signatories that donate the 
largest investment shares 
together with four iueunbers to 
ensure eguitable 
representation, and a 
Directorate that is 
responsible for .operating the 
cozununications systain. 
private 

To proziote European 
cooperation andu  se of outer 
spae, a Convention was 
ratified iii 1980 to form the 
European Space Agency (ESA). 
Presentiy ESA includes 13 
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Nember States: Federal 
Republic of Gerivariy, Austria, 
Belqium, Dennark, Spain,. 
France, Ireland, Italy, 
Norway, the Netherlands,the 
linited Kingdozn, Sweden, 
Switzerland and an Associated 
State, Finland. Canada is 
bound to ESA though a 
cooperative agree1neflt and 
•particlpates in several 
optional agreetnents. Like 
INTELSAT and INMÃRSAP, ESA 
seeks to erisure equitable 
representation. The average 
income of Meuber States is 
calculated te fora the basis 
for deterrnining contributions 
to the budget and each state., 
regardless of its financial 
and technologiçal 
capabilities, has one vote for 
inmtters concerning finance, 
science and technology, unlese 
the vote is. on an optiona.1 
prograin. Accordíng to ESA's 
Conve.nt.ion, however, for 
optional programs, such as the 
ERS-1, õnIy participãting 
States vote and finarice 
optional. prograsis. 

Conalusion 

Although not ali countries 
have equal techriological 
access, they are part of and 
participate in the 
international, interdependent 
framework. Phus, it seerns that 
remate sensing information 
that provides glõbal coverage, 
detecting ali the various. 
eleiaents ef the worldts 
resources as well as the. 
hanges tliat we cause, should 
receive the greatest 
internationa]. utilizatiori. 

in otlier arcas of spacs 
technology, interriational 
cooperative arrangements have 
been estabiished. These 
organizations haved operatad 
suoceGsfully, in terms of 
financial and interriational 
cooperatiori, because af the. 
need for efficient 
communications technologies. 
Although INTELSAT, ItMARSAT 
and ESA are institutions 
outside the United Nations 
structure, they have an affect 
on the harmonizing 

International opace co-
operation. 

Inaddition to well 
eètablished internationai 
cooperativos, however, there 
is growing trerid for 
inultinational space efforts. 
Due to the leve]l, of financial 
and technological expertise 
required for space projects, 
governinents havo found that 
they need te coliaborate. 
This requisite, along with 
international ef forte and 
legal support, may set the 
foundation. for cooperativo 
arrangements for promotin4 the 
internationalization af remete 
sons ing. 
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ABSTRACT 

Approval of RADARSAT for construction and launch brings the dream of an active microwave sateflite 
dedlcated to operational earth resources nanagernent closer to reality. Foliowing the example aí 
the Landsat and SPOT series, RADARSAT Is destgned to makeremotaly sensed data availableto earth 
resources managers ort a routlne basis at a reasonable cost. 

Tropical forests are one af Earth's most valuable resources, from both economic and ecological 
perspectives. Their large areas and frequent cloud cover make them prom1fng candidates for 
management strategies whi.ch incorporate RADARSAT data. Optical satellíte data shouid also play 
an important role provided less frequent coverage is .acceptabie. 

We have reviewed nuch of the publlshed Jiterature concernlng tbe use of op.tical and rnicrowave data 
for vegetation assessment In the tropics, and discuss how both data sources can contribute 
information for Inapping and nionitaring of resources over a very wide range af scale and coverage. 

RADARSAT wilt provide data ln.ttree basicmodes: ScanSAR (500 km swath, 1.00 o resolution), Standard 
(100 km swath, 28 x 30 o resolut.ton), and High-Resolution (55 kin swath, 8 o resolution). TF1s 
range of capabilties, cóupled with frequent revisit possíbilties, wiul enable RADARSAT to 
coritribute to tropical foreat resource management over the fuli range of scale and coverage. Ne 
have also ldentified information whlch can be pravided by low ãnd hlgh rasolution optical sateltite 
sensors and by alrborne SAR. 

In arder for RADARSAT and other data sources ta becorne ai integral part of tropical forest 
managenient, work is required to better understaiid the inforrnatlon content of these data sources, 
to develop irvformation enhancement and extraction techntques, and to foster technology transfer 
to agencies wlth rrtandátes for tropical forest management. 

1. INTROOLJCTION 

Tropical forests are ana ai' Earth's moat 
valuable resources. From an ecolagical 
perspectivé, they play a major rale in the 
hydrological cycle and in recycling 
atinospheric carbon dioxide. Ttiey stabilize 
soil and preveflt exceas runoff of silt and 
dlssolved siibstances into streams. Their 
effects on climate through energy and water 
exchange with the atmosphere are not woll 
understõod but are expécted to be very 
signiflcant. Much .of the Earth's specles 
diversity is represented by the plants and 
animais which make up tropical forest biomes. 

The aiarmlng rata of destruction of tropical 
forests has been widely documented and 
publiclzed (Myers, 1986, Nelson, et aL,1987, 

Repetto, 1988 and 1990, Booth, 1989, E1lIs et 
a]., 1988., Wilson, 1989). For most tropical 
countries deforestatien Pias beco= a drain of 
an. increasingl.y valuabie resdurce. Local and 
overseas interests alike. have over-explolted 
forest resources. Failure ta coilect 
royalties, export taxes, and related fees has 
led to a cronlc undervaluation of tropical 
forest resources (Repetto, 1990). 

Tha pattern of tropical forest conversion 
Varies Froni ano cõuntry and region to another. 
In some cases there are deliberate conversians 
to seali ar larga scale farmlng ar ranching. 
In other cases clearcutting is practiced, or 
partial harvesting af commerclally valuable 
treos causes enough damage to prevent recovery 
of the original forest. In yet othor cases, 
construction af roads, canais, ar raliways 
permjts accese Into praviousl:y aparsely 
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populátd areas, and the subser4uent lnf lux of 
migrant fanners causas degradation of the 
original forest envfronment. 

In most cases tropical forests are niuch less 
li Içaly to reqenerata to thair pre-disturbance 
plant and animal conimuÁlties than tetnperate 
latitude forests because oI severo )oss o-f 
nutrient, seed sources, and vital ity, vigõurous 
cornpetltlan by ear.ly seral apodes, tho 
inabi'tity o  iate seral shadá tolerant species 
to becomo established tri larga opon areas, and 
the lengthy time required to reach climax 
stabil ity.. 

Whiie it is appareot that improved management of 
tropical. forests reqiji,'es substantial economlc, 
political, and institutional chariges, It also 
requires additiofial 1nfornition about the 
forests themselves and changes which are 
happening In and around them. Huh f the 
additlonal iiForniaton can be supplied by 
satelilte and airborne jomote serising systems 
(wlth adaquate fleid checking). 

The purposo.of thls paper isto identify some of 
these Information requirements For tropical 
fóreats, and examine the contribution that the 
Cariadian RADARSAT .system may raake In conjunction 
with other readily available data sources. 

2. I'OTENTrAL ROLES OF REMOlE SENSINO 

Inforniation about tropical foresta Is requlred 
over a range of áreas and leveis of detail. 1r: 
other words it is a.multlscale problem which 
rnust be addrèssed w.lth sensors havinga range af 
fields of view and spatial resolutions. 
.Internatlana] agencies such as the United 
Nations Fóod and Agriuitura1 Organization, ths 
World 8arik, and the World Resõurçes Instituto. 
require 

1
strateg1c' data. at national, 

continental, and global sçales (106  and 
smailer). Global scale environmental programa 
such as the Iriternational Geosphere. Blosphere 
Prograra and the National Aaronautics and Spaca 
Adrninlstratlon. lisslon te Planet Earth also 
require data at continental and global scales. 
Ihese organIatlõns placecons.lderable emphasis 
cm nionitoring activities. For thase 
organhzations, data must baacquired frequéntly:, 
when needed, not .when weather may permlt. 
Frequent, reliabie coverage Ia assontial; 

sound tropical forest management by nationai and 
state agencies begins wlth regional basaline 
data about undisturbed areas before development 
if at ali possible. Information about 
tpography, geoeorphology., drainage networks, 
and vegetatiori cover requires data wíth higher 
epatial resolution, on the order af 10 to 100 ru, 
than -that considèred by the internatIonal 
agencies. However, the área to be covered for 
specffic sites is smal1er A base] lneinventory 
does not need froquant temporal coverage, so thé 
data volume remains nianageable. Once anarea is 
opened to human accesa, changes In vegetatiõn 

cover are often rapid. Frequónt, reilable 
coveraga of activo areas at. hlgh resolution is 
required. At the samé time, there is õftén a 
requirement to monitor changes on a regional 
acale (state/province, and nationw.ide) for 
goverrirnontal resource management and policy 
forrnatlón. 

Iri order to assesa the potential contributions 
of reniotely senaed data to effectIve troplàal 
fornat martagemant, we have reviewed publlshod 
a000unts ~ribing appllcatlons of optcal and 
microwave data sources to tropical  forest 
management 

Our re,iew, although by no means complete, 
includes accounts af aei- ial photography, the 
Landsat Multispectral scanner (MSS) and Thernatíc 
Happer (TM), and the Systme pour lObservation 
de la Torre (SPOT), as well as reports of 
nirborne and spaceborne imagIng radar data, 
Proven abihities and lipoltations af variou 
optical and microwave data sources are 
lndlcàted, leading to predicted roles af 
RADARSAT iri cambinatian with other readily 
aval lable data sources. 

2.1 Studies with ot1cal data 

AerjJ_hotoqraphv Aorjal photography has 
been used in the tropica -for many years, just as 
in ternperate latitudes. Tire difflcul.tles ef 
storing and ustnqfllm In hothumld envlronrnents 
are described by Leshack (19??). Additlonàl 
problems such as frequerit cloud cavar and 
turbulent air are well known and also menti oned 
by Lêshack. These problema have maànt that 
aerlal photography has been rnuch lesa 
etansIvaly employed In the troplcs thanr ia 
temperate latitudes. Nonethe]ess, It seems safe 
te say that aerial photography of tropical 
forests can be acqulred If it Is essential, 
given sufflclent patience and persistance, and 
a budget whlch can accornmodate hlgh standby 
costs. 

As ia temperato latitudes, aerlal ptrotography Is 
particularly useful for lnformatidn regardin 
vegetation (nventories, lnciuding specles 
coruposition 	(P4yers 	and 	Benson, 	1981, 
Stehhingwerf 1986) and for envlronmental 
and forest resourca management plans (Terchunlan 
gj....i.,l 986 ) Largo scalephotography can also 
be used for -forest inensuration, such as helghts 
and diametera of crowns (Aldred, 1976). 
However, crown diameter generally cannot be 
used to infer trunk diameter, as Is often 
pôssible in temperate latitude forosts. The 
review. by Stellingwerf et ai.. also demonstrates 
the use of aeria1 photography for mapping 
mangrove forests, foroat damaga and drainage, 
inapping plantations, and detecting and inapping 
roada and land use change. 

Landsat Multiseectral Scanner Data 	The 
ready availàbilfty ef Landsat I4ultispectral 
Scanner (MSS) data foliowing the launch of 
Landsat 1 in 1.972 resulted. ia a sign1f1cant 
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nuraber õf studies and attompts to use that 
revolutionary new data source: for tropical 
forests. 	Many of the early resultá were 
reviewed by Baltaxe (1980 and 1987). 	The 
majority of successful appllcatlons of Landsat 
data to tropical forestry have rei led 
predominantiy on visual iriterpretation of 
biack-and--white single band Images, colour 
composites, and computar onhanced colour irnages. 

Steilingwerf.et_aL,.(1986) llliistrated tho usa 
of Landsat NSS data In tropical forests. They 
showed how MSS data could be usad. ta .map broad 
vegetation classes ir' indonesla and Colombia, as. 
weli as vogetation charige and iand use changé In 
Colombia. 

AS in temperata latitudes, Landsat 1188 data have 
been found particularly well sulted for mapping 
broad vaget.ation classes -in previously unmapped 
arcas. Examples of successes for this 
application have been docuniented ir' Brazil 
(Novaes, 1979), Bõlivia (Baltaiçe, 1980, Papua 
New Guinna and the .Phillipines (Wltliarns and 
Comer, 1975), and Peru (Sadowski and Danjoy, 
1980), whlle Keech et pl.,(1918) used Landsat 
MSS data for a more detalIed vegetation 
inventory In Brazil. 

Mangrove forests represent a particularl.y 
lmportant but threatened resource Ir' many parts 
of the tropics. A number af studies, includit,g 
one by ERIM (1979) have demonstrated that the 
Landsat MSS can be used to rnap mangrovefcirests. 

Landsat MSS data hava been utlltzed for mapping 
regional drainage natworks and roads In 
Indonesla (Stellingwerf et al..•,1986). 
Changes In vegetation related to agricultura] 
conversion, sottlement, and harvesting have been 
lnterpreted ir' Landsat images of Columbla 
(Stalljngwerf et al.,1986), Brazil and Thailand 
(Baltaxe, 1980). 

Joyce and Sader (1986) have revlewed studies af 
Landsat M88 data for deforestation in the 
trbplcs and conclude that foreat clearing can be 
detec€ed and mapped at seales o? 1:200 000 and 
ssnailer, for detectin plantations of 4 ha and 
largar, but that It has only marginal utiIity 
for partial cuttlng, successionai changes or 
detecting changes causeci by Insects, dlsease, or 
other stress agents. 

L.andsat Thematic Mapper and SPQT HRV Data 
Relatively few resuits have been pubiished ef 
studies wlth the Landsat Theinatic l4apper and 
SPOT HRV sensors for tropical forestry 
appllcatlons. Those that have appeared suggest 
that the signiflcant. Increase In Capablllty of 
thsse sensors relati,e to the MSS will generally 
be valuabie ir' the trop.lcs. 

Rosenqvist et al,,(1989) úsed three dates of 
Landsat 714, MSS, and SPOT Imagery to ldentify 
deforested and landslide-affected arcas ir' 
Thailand. The intent was to ldentlfy the causes 
and effects ol' the heavy rainfalis, floodlng, 

and severe iajidslidestjiat hada.ffected a Jarqe 
area In soutnern Tlial4and. 	Digital analysis 
techniques were used to show that over 350b ha 
of forest had been cleared, and bare soil.  
exposure tiad lncreased by over 230 during the 
four year nionitoring period prior to tha 
disastrous floodlng and landslldes. 

Gulilon (1989) used Landsat 714 (Bands 2,3 and 4) 
for pine plantatbon mapping In Inaccessible 
areas of Argentina. Broad classes of pina 
piantation cover, age, and densities cou.ld be 
i.dentified on the 714 Irnagery. 

Artiada (1989) analyzed muititernporal Laridsat 
MSS and TM Imagery. Ir' tbe Ecuadorian Amazon for 
the purpose af deforestation monitoring betweon 
1977, 1985, and 1986. Both visual and digital 
analyses were emploed tu identify 16 dlfferont 
forent and land covar types, which were 
compressed te six types (forest, cultivation, 
forest/pasture, pasturefcuitivated, open water, 
wat arcas) for the purpose of change detection 
between years A 58 reduction ir' for est .cover 
was ineasured betweer 1977 and 1986. The larga 
arca covered per scene, the periodic revisit of 
Lhe sarne stüdy arcas, ease and efficlency of the 
digital .analysis approach and cost effectiveness 
coinpared wlth conventional sir photo and fieid 
approaches were listed as definite beneflts. 

Ekstrand (1986) was able to map 8 vegetation 
classes with the Thematic Mapper ir' Ethõpla, 
compared te only 4 with the MSS. Both visual 
and digital techniques were combined to give 80% 
classification accuracy. 

Wilkie. (1.990) used TM data te detect and map 
small settleVnents near the Okapl Rain Fnrest 
Reserve in Zaire, The author was abie te 
dlstlngulsh active from abandoned sattlernents, 
and also te sugest which of the settlements 
were agrlculturalist, and whlch were gold 
nilners' camps. 

Khan et al. 	(1983) found that visual 
interpretation of slmulated SPOT multispectral 
Images could be very effective iri monitoring 
the condition af mangroves ir' the Ganges deita 
of Bangladesh. 1hey were able te dõteõt 
deforestation, afforestatlon, original forest., 
dyles, roads, and other features linportant for 
thls densely populated and vulrierable area 

Low Resaititj.on Optical Sesoj-s With 
lncreaslng concern over tropical deforestation, 
researchera have examlned data from a numbér af 
iow resolution, wide arca sensors te explore the 
utiilty of thesa 1ristruments te provtde timely 
infonnatlon over wide areas for national and 
internationai agencies, 

Thelr findings, plus athers not speclficaliy 
meriti.oned, are surnmàrized Ir' Tablé 1. This 
suemary Is not lntended te be exhaustive, but 
slmpiy to portray the most important 
applications which havebeen demonstrated wlth 
optical sensor data wtien applled to tropical 
forests. 
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Justice et ai. (195) dernonstrated. that low 
spatlal resolutlon, hIgh temporal fraquenc.y 
AVHRR data are useful for monitoring temporal 
d~mics for the entire globe. Norrnalized 
vegetatlon index Images,wer 9. analyzed te átüdy 
the phytophenalogy of tha African grasslands 
Indian tropical forests and ferest clearancõ 
In Brazil. Nelson and Holben (1986) coinpared 
three low resolutton data sources (1 kmAVHRR, 
4 km AYIRR, and data from the spin-scan 
radiometer on the Geosynchronous Operational 
EnvlronmeritaT Sateilite ar COES) with the 
Landsat MSS Tor deteoting fõrest cieariigs In 
Braz 11. They found the GOES and 4 km AVHRR data 
to be too coarse for meaningful estiinates. 
1-towever, they found that the 1 •km AVHRR data 
couid be used to rnap forest clearirigs, in 
Rondonla adequateJy 

Buliding on Nelson and Hobens work, Woodwell, 
eta1., (1987) used the MSS to determine the 
forest/nonforost thraho1d In AVHRR band 3 
radiance and then used the AVHRR scene to 
estimate the deforested area for the entire 
state ef Rortdõnia. Their estlniate was 
cana Istent wlth otter data sources. 

Matson and Holben (1987). investigated the use af 
AVHHR :data for detection of tropical burning. 
They showed bow band 3. 0.55 to 3.93 
microrietres) can dotect sub-pixel f ires, while 
the use af bands 3 and 4 (10.30 to 11.30 
micronietres) cari •be used to estimate both the 
temperatura and area af the burn.. They found 
that the larger burne were assoctated wlth 
decreased values of the. Normallzed Difference 
Vegetatlon Index (NOVI, the difl'erence botween 
the band •2 and band 1 1ntens1tl.es divldad by 
thelr aiim), lndicating a decrease in vegetation 
greenÃess irt areàs whlch had .been extensiveiy 
burnad. 

Mal lngroau and Tucker (1987) summarlzed the inain 
contributions of the AVHRR sensor as detection 
of f Ires and detection ef cleared armas over 
wide reglons af active foroat ciearlrig. They 
indicate that band 3 is more sui.table than the 
NDVI for dlfferentlating cleared frõm uncleared 
armas. 

2.2 Studies .wlthmicrowave data 

Tha advantae aí radar remate sensingto operata 
iÁdependently af solar iliuminatiõn and In armas 
of persistent cloud cover. such as the tr.opics, 
was deraõnstratedln the succeasFul completiori of 
the first Imaging radar mission over Darien 
Provinca af Panama In the late 1960s (Wing, 
191Q). 

Numérous atudies aí the applicatiori of radar 
remate sensing ín the tropic.s haye been çarried 
out since than. Most of the tropical 
experience with radar lias been "ao the job 
learning" as part aí aperatianal svrve', in 
.contrast with temparate latitude studles, whlch 
have been generaily of a formal research nature. 
A few reviews of the use. of radar for forestry 

app.lications have been pub:lished., Inoluding 
thosm by Churchill et aL,1985, Simonett gI 
.i.,1987, and Werle, 1989b. 

Alrborne SAR and SLAR surveys 	Airborne 
SynthetlnAperture Radar (SAR) and real apertüre 
Side Lookin9 Airborne Radar (SLAR) hnagery of 
tropical arcas around the globe have been 
aquired during more than 50 major comniercial 
recorinàl.ssance aurveys,  ernplaying mainly X-band 
SLAR and SAR systems with HU polarization and to 
sarne  exterit a Ka-band SLAR system wlth H4-I and HV 
polarizations. Regional and natioriwide surveys 
lo Southeast Asia, and Africa as well as Central 
and Seuth. Amarica to-date exceed more than 15 
mililan krn2  in reai coverage. With the 
axception aí more recent investi gations 
eriiploying digital SAR data, image analysis. 
procedures have mainly relled on visual 
interpretation techriiques. During the 1970s, 
rnost data sets were collected by the 

estlnghousè SLAR, the Matorbia/MARS SIAR and 
the Goodyear/GEMS SAR systems. The data were 
optically càrrelated and processed onimage film 
sultable for qualitative iunage analysls The 
primary objective was the assessment af natural 
resourca,terrain mapping "d map revislon, 
whereas In rnany.  Instancés the analysis aí 
tropical vegetation was aí secondary Importance 
(Werle 1989a). 

The developinent of digital SAR imaging and 
processlng technology by Canàdian industry and 
tTie Envi ronmental Researob lnstttute of Michigan 
(ERII4) during the early 1980s resulted In. 
advanced operat.ional systems. Digital SARA  ata.  
wtth a spatial resohution as good as 6 metera 
and of'fering high geometrlc and radiometrio 
fidelity were used in cornputer asslsted image 
analysis prcceduras for the construction aí 
Irnage mosaica, and in topographlc mapping 
programs. Si mcm the mld 1980s, intera 
Tochnológles of Calgary has employed a1rborn 
SAR systems -In the troplos for a varíety aí 
coflerclai frestry aÃd land cavar surveys 
inoluding those with a facus on natural 
vegetation, (Thompson and Dama, 1990). 

Regional and nation-wide tr.opicl Vegetation 
survèys, prlmarily using X-HH data., have been 
reported by a rtumber of investigators 6.9.. 
Thompson and Dama, (1990) Furimy (1966), Parry 
& Trevett (1979), Trevett (1966), Gelnett 
(1918). Major vegetatian formations and to some 
eXtent zones experienclng ecological transition 
and atrasa within the trop-ics have been 
identified including savanria, densa and open 
trapicál forest and waodland mosaica. 
Dlfflcuittes were encountered In identlFylng 
speclflc formations In hiliy ar mountainous 
terrain. De Molina and Molina (1989) were able 
ta map thlrty dlffererit vegetation cover types 
In Colombia át a scale of 1:40 000. Áreas of 
selective logglng and dlfforing tree crown 
densities were elsa identified. 

There Is further evídence that mangrove foreat 
environ'nentscan be rnapped accurately because of 
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thelr general ly strong radar backscatter 
coinpat-éd• to surrouhding forest stands (Léwis 
1977, I4acDonaldi.,1971).Tharnpsonand Dams 
(1990.) report success dlg:crim.inatfng primary.and 
secondar.y forests, and in mapping a variety of 
fcrost covertypes, tnclud.lng.mangrove/Nypâ pam 
swamp, beach forest, peat swamp. fôrest, PM
dipterocarp forest 1  jiigh scrub 'forest, ta tree 
and. wailum cover, eucaiyptus forest,. and 
ml,mosold legufle and paim fôrdstls. Thelr data. 
source was bigh quality biack and whlte stereo. 
print.s mádefroin X-BandHH digital SAR data with 
resolutions of 6  .x :6 rn and 6 x 12 m. 

Plantation types which have been distinguislied 
on airbõrne SAR imagery inciude paim and bananas.. 
(bell.wig etal.. 1918, Thampsonand.Dams, 1990), 
and pina, eucaiyptus., and rubber (T.hompsori and 
Dams, 1990). 

Several stud:les indicate that.forest disturbance 
can be detected: and niapped (Dams et ai. 1987, de 
Molina & Mo)ina 1.086',.de Molina et ai. 1973, 
Siccõ Smit i97, T.hornpson and Dams, 1990). 

Ãirbofne radar data acqulsltlan Was aimnt 
excius1vely restrlcted to the dry season and 
hardl.y any multi-tempõrai data sets have been 
õbtalned ao far. Trevett (1936) noted that. 
si9nifícant changas In radar backscatter were 
identified comparingdry and wõt seasori irnagery 
acqulred during the Nigerlan NIRAD.sUrVey. Thase 
changes Were mainly attrlbüted to moisture. 
dl fferéflces. 

Spaceborne SAR investiqations 	Spaceborne 
SAR imagery of tropical torram has boen 
acqulredduring ths experimental SEASAT (1918) 1  
SIR-A (1981) and SI-B (1984) missions.. These 
radara operated at L-band with horizontal 
transmit and receive .,oláriation (L-14H). The 
spatial, resôlutiõn achievdd. by each systeçn 
ver led between 25 metera, 40 metors and 1-60 
meterá, r.espetle1y,. .SIR-A and SIR-B provided 
°'l:Y relatively narrow swath coverage of 5.0 km 
aná 15-40 km, respectively The combinod total 
cóvarage in the huniid and 5easonally hun.id 
tràp1cs exceededa iandarea of 1.5 iniUlon km2 . 

ML!1tL-ternporal SAR data is extremel y liinited. and 
Is restrlcted to some repeat çoverage of the 
SEASAT. SAR withi n the .ma&ç ofthe Morrit taland, 
Florida, receiiing stat.ion, and te occasionai 
overl.ap of SIR-A and SIR-8 Image swaths. With 
the excep.tion óf One study (Pope 1987), thls lias 
vlrtuaiiy preciuded the use of existing 
spaceborne SAR data for change dOtection with:in 
tropical forest envjroninents. the few studies 
that havé been carrled te assess envi roneental 
conditions and dyriamic land use phenomena thus 
relied àn:sfngiedáté spsceborne SÀ8 data. 

Both computer assisted andv -isuai interpretatlon 
.praedurs were. ernployed in the analysis ai' 
spaceborne SAR data. for tropical vegetation and 
lands use investigations. Most. of them suffered 
frorn a lack of ground Information and knowledge 
of spéciflc environrnental and target parameters 

at the time of data acquis'Ít.iofl .thus limiting 
the accuracy ai' lnterprotation results. 
The irnagery acquired durtng ths SIR-A niisslon In 
Novémber, 1981 prôvidea usful yet little known. 
source of infarmation for examining foreat 
converslon In ali major tropical forest r.egidns 

af the globe. There Is evidence that SIR-A 
imagery (L-HH) at i scale af 1:250,000 Is 
sultable for identlfylng the Inature and extent 
of tropical forest conversion such as comrnercial 
ttnber harvesting operations, mafl-rrade 
grasslands for cattle rancht.ng prbjects as well 
as natural grassland zuces1ons, and, to a 
lirnited extent, settlejnent colonizatlon and 
agricultura] echemes (Werle 1986 and 1980a). 

Stone & Woodwell (1987) and Stone et ai. (1989) 
found éviderice that çleárinqs wthih thá 
tropital forest af Ainazonia .rnay exh.ibit 
different radar backscáttéring behaviour as á 
funotion ef age and clearing practices. They 
fõund that L-band would be hèlpful in 
determtning prlmary foreat compõsition, but 
thoir data were lnsufflctent in areal covõraga 
te determine exact rates õf defõrestation 

Haffer 8 Lee (1989) evaluatedthe. potential o.f 
multi-temporal SEASAT and SIR-9 data for 
def4nIng arcas ei' forest change, différent 
forest categories and reforestation altas in 
Florida. PriRary cate: gories of forest change 
such as deforestetion and reforestation were 
ldentifiod wlth relatively higli accuracy. 
Reforestation atages were detécted with rnodest 
success. 

Fórd 8 Casey (1988) distnguished ánd mapped 
swanip and llatid for est, tida] forest, wetland 
nd clearôut. àrea8 in the cõastal rainforest :° 

Borneo uslng SIR-B data At twa different 
incidénce an9ies. Radar backsatter, aluas for 
swamp arcas wel-e ríoted. to áhange S' a fuflótiori 

of inoldence angie. Thá SIR-S datã were not 
suited for 4i:scriminating betwaeri different 
forest types within the mountainous interior ai' 
Borneo. 

Irnhoff 	et 	ai. 	(1986) 	havé 	studied 
rnuiti-tncidencé angle S1R-9 datã bi' Siigládeh 
n order te characterize forast canbpy and 

asséss radar penetration capabiUties. They were 
able te "Pf1ood boubdarles beneath níartgrove 
vegetation caopies. Brèaches and boles In the 
natural canopy structure wre alsõ éasl ly 
detected. 

De Molina & MolIna (1986) exaniined SIR-A data as 
part. of a multi-sensor study,  for 	forest 
clasaificatj:an irr the Coloinbian Amazon, A!though. 
thelr fàrest tSping eyercise met wlth no 
success, a clear discrlmination af faristed and 
nori-forested arcas was npted. Boundaries between 
savanria vegetation, tropical farests, floodplaln 
vegetation and c.learings were: del incated without 
difflculty. 

Ford and Da Cunha (:1985) examined the radar 
backscatter properties of floodpiain vegetatlor, 
using multi-frequency SAR data Ai1-3'via1 forest 
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areas were clearly dntif1ed on S1R-A L-band 
data, but dou 1.d not be separated írom 
surrounding fcrest áreas on X-band alrborne SAR 
data, 

Popa (1987) was able to monitor -seasonal 
flooding of lowlaridterrain in tropical forests 
aí Guatemala Using muitl-temporai SEASAT SAR as 
well as alrborne SAR data. Radàr backscatter 
values of vegetated fioodëd terrairi was found to 
be at a rnaximum under sniall i.nàldence ángle 
1 Iluminatiori. 

These fjndings and athers, arè sunarized iri 
rabie a, which áhows that, as iii the case of 
optical serisõrs, man9 di.f -ferent klrids af 
Information üseful for tropical fórést 
management can be obtained from siiitabie radar 
data 

Studies at -band are noticabTy abseçt from 
1ab3e 2. lith both ERS-i and RADARSAT incltiding 
C'-band SARs there is a serious }çr*iedge. gap 
about the capabilites at this frequency. 

3. POTENT TAL ROLE OF RADARSAT 

.3.1 Characjrj,tj,sLEADARAI 

The Governntent of Canada anounced cri 13 
1eptember, 1989 that RADARSAT Canada's planned 
earth resourcs romote sensing synthptie. 
aperture radar (SAR) sateillIte was fiifly 
approved for cõnstructiori and opmr.ationt, with a 
design .lifetiine af f'lve years from its 1994 
1atrnch. The approved deslgn is outllned iii this 
sectlon(Langham, Lt ai,, 1989). (More complete 
discussion of RADARSAT may be found In a 
companion paper (Raney, et ai., 1990). 

The SAR is. an advanced multi-rnode.. instrument 
(see, for example, Lusconibe 1.9B9.) that operates 
at 53 Hz (C-Band) having a waveIength aí about 
5 cm. It has a cholce af three transmitter 
pulso bandwldths and nurnerous .beam selections 
(ànd thus Incidence angies) to give images wlth 
a variety af swath widths and rasolutlon (see 
Tabie 3). The beam pasitions and swath widths 
are electonlcall.y selectable, and each rapldly 
acçessible In: response to a varlety af user 
requirements during .each orbit. Although the 
RADARSAT rnission has been optimized for Ice 
surveiliance in. Canada's north, it lncludes 
haracterist1cs which ara very favourable. for a 

variety of applications: ároundthe g1cbe 

The SAR can be, turned on several times por arbit 
to a maxiniuni accurnulation of 28 minutes. Host 
parto- of the wõrld aro .àccesslblè for 
observation from RADARSAT wlthin a three day 
period although tlie repeat .cyle is 24 days. 
If lan area: needs coverage at a speclfled 

incidenice angle, the larger nutnber appiies.) 

The NASÃ lai.rnch of RÀOARSAT from .Callfornla is 
schedúlod 'for S94 using a mediurn'c1ass 
xpendabie launch vehlcle. RADARSAT wifl use a 

sun synchronous dawn-dusk arbit. Perhaps the 
greatest oparational advantage of the dawri-dusk 
orblt Is thát the SAR can be turned on at any 
time without consideraticrnof conserving battery 
power. This rnearss that there Is nó dlstlnctlon 
between ascending and descendlng passes from an 
appllcations point ofvie. Anothar operationai 
advanitage is that. tha data reception perlõds for 
RADARSAT will riot conflict with other rernote 
sensirig sateilitos most of which use near raid-
day erbit timing. 

3.2 Three leveis af use. 

In approachlng the use of RADARSAT, airborne. 
SAR, and õpticai dáta for tropical fõrest 
management, it is very halpfui to recognize a 
reiatiorishlp between the area for whlch 
Information is requlred, and the levei of dotal] 
desired (soa Sectiori ). 

There are alto corraspondiiig reiationshlps 
between thm area covered by a sensor and its 
spailal resolution (see Table 3), and between 
the spatlal resolution af sensors and the levei 
of detali available f rara theni (see Tables 1 and 
2 and the review by Molina, 1981). These 
reiationshlps result in natural groupirigs 
between the Inforination requlrements aí various 
agencies,and the appropriate sensors to sattsfy 
the informatian requlremerrts. We havé 
ernphaslzed three such groupings in Tabie 4, 
where wo màtch irvforriiation reuirements with the 
sensors whlch appear, at present, appropriate to 
satisfy the Information requirements. 

Stráteglc forest managernent Infarmation Is 
requlred at global, continental, and natlonal 
scales. Typisal mapping scales range from l : lOn 

to 	wlth approprlate resolutions In the 
range 0. 1 to 10 km. 	Strateglc Information 
requlrements are wideln scope but quite general 
In nature. As indicated in Table 4, the 
inforination about tropical forests Is related to 
the overali characteristica of the vegetatian, 
and san be supplied by 10w resolution sensars. 
The use of the NDAA/AVHRR for mapplrig broad 
vegetation classes, inonitoring vegetation growth 
and vigour, and detecting laige areas 01' 
signlflcant vegotation change has beenveryweil 
documented (see Tabio 1). In the ScanSAR modo 
(500 km swath, 100 ai resolutian), RADARSAT 
should be able te detect cases of vegetation 
renova) ovr largo areas. 

Numeraus 	studies 	have 	shown 	microwave 
backscatter to provide lnforrTiatlon aboUt 
vegetation whlch is complementary to the 
iformation provlded by optical serrsors (0.9. 
Aherrlet a l. , 1978, Gu1ndont,],., 1980, Brisco 

1983, Wu, 1985). It is reasonable to 
expect, therefore that RADARSAT data will also 
prove usefuT as a omplenient toóptical data for 
rnapping broad vegetation classes over wIde 
areas. 

The second levei af detail requires à variety  of 
information by national, state and provincial 
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natural 	resource, envlronnient, 	and. parks 
departments. BecaUe of the diversity af thelr 
mandates, these agencies require a wide variety 
ef information. apping scales Of 1:10 to 
1:106  are typicai, and spatial rasolutions of. 
10 tu 1000 e are apprópriate. 

For this levei of dataii, RADARSAT data in the 
standard (28 x 30 m resolution) and high 
resálütlon (8 e résolution) rnodes will 
con tribute valuabie forest rnanagernent 
rifonnation Again its tititity may be enhanced 

further when •combined with optical data High 
resolutiorj alrbõrne SAR can provide addltIonal 
inforaat1on an forest type and density b 
dépictingthe:texture of the canõpy. RADARSAT 
data iii tbe standard and high resolution modos 
will probably be valuable for rnppinq drainagé 
networks includirtg, in some cases., standing 
water under tropical forest:canopíes (as In the 
case of mangrove swariips). Ttwlll probably also 
be usem for mapping roads, se.ttlements, 
plantations, agricultura] ccrwersion, and other 
evidence of intensivo land use. Since SAR 
image:ry, particularly athigi incidence angles 
depicts topography very cleariy, RADARSAT data 
may be parti.cularly eftective when combíned with 
hih resolution optical data from the Landsat 
and SPÕT sateilites ín a way whlch a.11c,ws 
interpreters te visualize topography when 
rnapping vegetation classes from optical images. 

The ability of RADARSAT te. p.rovlde reiatve1..y 
ilgh resolutiori images whenever desi.red. will 
ailow government agences to closély monitor 
reas which are developing rapidlythraughthe 

road-bu11d -ing and land clearing activities 
asseciated with developnient. 	Such tirnot.y 
friformation wiil enable governments te deal wíth 
deviations from approved forest managment plans 
euct more quickly and therefore much more 
effectively than has been possible in the past 
RADARSAT data will also enable fõrest manageinent 
agencies te monitor forest inventory depietiãns 
due to clearcüttlng, but select.i'de cutting wili 
probabiy nat be detectable with RADARSAT data, 
aithough access rõads ruay be vIsible. 

Theersistance of haze, srnoke, and cloud cover 
In the troptcs rnakes it virtually impolssible to 
monitor largo arcas, w i th high resôlutlõn optical 
sensors .over short pari ods. of time. 
Nedertheiess, these serlors rnay contribute to 
eappinqd1erse vegetationtypes and vegetation 
condítion, and to initial mapping and te mnap 
revision at less froquent intervais. 

It is worth noting that such mapping infármation 
can àlso beobtainedthrough aerlal photography, 
as indicated in Table 1. However, we believe 
that the usa of sateilite data wiul prove to be 
far more cost éffective for most af the 
information at this intermediate sale. 

In compiling Tabie 4, we have emphasized the 
Laridsat rhematic I4apper even when the Landsat 
Multispectrai Scanrierar SPOT HRV multispectral 
data are likely to provldesuitable inforrnatiôn. 

bir experience in Canada, Jias shown that saies 
of TM data te the forestry sector greatly exceed 
MSS and SPOI mtiltispectra1 saies. TM is 
preferred over MSS because its spatial 
resolutien ánd spectral bands provide more 
tnformation than either MSS ar SPOT 
multispectrai data. SPOT panchromatic data are 
chosen whenthelr superior spatial resolution is 
deemed lrpportant enaugb te jústify thé higher 
cost per Unit aroa. 

Te third and rnost detaiied levei of Information 
is required by natural resource companlés, 
engineering companies, and lõcaigovernmental 
and non-governrnental organizations. Véry 
detailed informa tion about timber resourcesand 
the condítions such as topography, vegetation 
cover, and drainage is required. 

Stereo aerial photography has béen tho remete 
sensing tachnique of choice for siich infarmation 
for many years, and Is likely tõ remaín só for 
some time to cone, because much af the 
information needed requires stereo imagery wíth 
resolution lo excess ef that available fron 
-foreseeable satelilte sensors ar cominerclal 
airborne SARs. Howevér, the mnultispectral dáta 
availabie from Landsat and SPOT can often 
suppiement aeria1 photagraphy for detailed 
vegetation mapping. RADARSAT high resolution 
data niay provido supplenientary information on 
topography and may aisci prove particuiarly 
uséful for reveaiing standing watar under the 
vegetation cpver. Recent experience tnth high 
resolutíen airborne SAR is beglnntngto suggest 
that this data source can provida much of tho 
information traditlonally expected of mediuto 
scale aerlai photography. 

This assessment shows that RADARSAT Is expected 
to contributo inf'ormation at ali three leveis of 
detali because ef its wide area coverae and 
range of spatiai aro temporal resolutions. At 
present, RADARSAT's most irnportant rale appears 
tu be for monitoring deforestation and other 
signs of hurnan activity at a wide range of 
scales. It wiul probably also provido 
informatian whlch complements optical data for 
general and póssibly detailed cover type mapping 
at scales froni 1:20 000 te 

4. PROBLEMS TO SE OVERCOME AND RECOMNENDATION 
FOR FUTURE ÁCTION 

Tha experience we at the Canada Centre for 
Remoto Senslng have had over the last fifteen 
yoars in dsveloping remate sensing for lmproved 
forest manageaent lo Canadacan serve as a gulde 
te the steps necessary te help introduce 
microwave and optical remoto senslng Into the 
tropical forest management process. One lesson 
is particu'Iarly ciear fróm our axperience: 
introduclug new teáhnology, evéri very 
cost-ef-fective technology, Is a slow, 
painstak,ng process. 

Five áreas of activity must ali be pursuad te 
realize te potential of remote senslng for 
tropical forest management, 
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Te flrst is to establlsh a detailed 
understand i ng of.the inforfnation requlrements of 
the agencies wlth mandatos for varlous aspecta 
of tropical forest management. It Is not 
essential that. ali of the requlrements for many 
agencies be itemized in detail frota the outeet. 
ThIs can be dono initially for a few agencies, 
wjth .the aUtora f.ollowlng as thelr interest and 
projeCt re&ource.s peralt. 

The second areais ano af research: to ldentify 
the Inforruation content of operational niicrowave 
and optcaT sensõrs. As can be seen frota Tables 
1 and 2, much information is already avaflable. 
However, largo areas of uncertainty reinam. 
fliere is almost.no experience•wlth C-band SAR In 
tropical forests. This can be overcorne tiirough 
Investigations wlth C.-band sirborne data and. 
data froni the .RS-1 satelilte, followed by 
actual RADARSAT data. More experimentation is 
needed te address the inforrnatlon content of 
varlous opticai and microwave sensors in tha 
context of tua detailed inforinaticr requirements 
cl' particular agencies. Finally, mõst of the 
reults reported to date are qualitative; more 
quantitativa: assessrnents of forest vartables 
that can be measured, and mapping accuracies 
achievable are needed te assure prospective 
customers that lnforrnatlon derived frõm remoto 
sensing data can sat.isfy thelr needo. 

The third area, a comØanicn area.cf research, is 
the developeant of Information extraction 
technlquos. Once the Information content of 
varlous sensors is known, the approprlate. 
information extraction techniques may be 
õbvious, but tltis is no,t always the case. 
Research will prabably be needed to enhance and 
extract the inportant tona, texture, and pattern 
informatlon on SAR Imagery. Much 
axperimentation .rnay be necessary to develop 
effective ways to combine microwave and optical 
data and te extract the desired information from 
the combined data seta. 

Tho fourth area of activity Is the developtnent 
af suitable infrastructure in the agencies 
responsible for tropical forest inanagement. It 
is generaily eccepted that remota senaing data 
Is bast utillzed when combined wlth natural 
resource Inforrnation iii digitál form on a 
geographlc Information system. The Canadian 
provincial foreat nianagement agencies have found 
that a very largo effort is necessary to convert 
a ,detailed existing ,forest lriverutory Into.. 
digital form on a GIS. Davclop.lngcõuntries inay 
be at an advantage in this respéct since they 
nay have the opportunity to establish thelr 
resource rnanagement data base lo digital form at 
the outset. CIS technology itselfhas come down 
In price recently, and systems covering a wide 
range of sizas and, costs are available frota a 
raultitude o? vertdôrs. 

The final activity Is technoiogy transfer the 
adoption of Um technology by,  the resource 
managetnent agency. Experience has shown that 
this is most eI'fective when tha resource 
rnanagement agency becomes a partner lo the 

technoloqy develooment erocess at. an earl 
stage,. 	moat approprate time is often a 
part of the deterrninntion õf Um detailed 
information requirements ai' the agency. Agency 
personnel can then either follow the technology 
deveiopinent processas observers, ar participate 
more actively. Participation can include 
contributlng te investigatlons af Information 
content and accuracy to be expected 1' ram the 
data frota variõús sensore, and speclfylng  the 
system they will need to use the remotely sensed 
data cperatlonally. 

4.1 Recotmandation 

One effective way to carry out activities lo the 
1' iva areas descrlbed abovú Is through a 
partnership between organlzations supplying 
reinotely sensed data., organhzations wlth 
tropical forest rannagement fliandátes, and 
organizations speclalizlng iii the developtnent af 
remate sensing techno.logy and appllcations. In 
preparation for thnt RADARSAT mission, the Canada 
Centre for Remate Sensing is proposlng 
Investigations of tua lnfommation content o? 
C-band SAR data, optical data, and inforrration 
ext,raction.technoiogy tobe carriad aut jointly 
with flations, having responslbility for 
management of: tropical forests. Such jolnt 
projects could pave the way for increasing 
activities af thls nature, leading to wi.despread 
operational use of inicrowave and optical data 
for lmproved tropical forest rnanagenient. 
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Table 1. Summary o.f Opt.iIcai App1catiohs Resu.1ts 	1ropici Forêsts 

ÀppUcations Área Oount,ry. Sensor Rs;tnh •Refereric 

Broad veg:n  clases. 
Indonesia MSS 80 in S.teiiíriwerf et ai. 198.6 
ColUmbia' MSS 80 m .stellingwerf et ai. 1986 
various. MSS 80 rn Baitaxe 1987 
Sr'az'ii t1SS 80. m Novaes. 1979 
Soiiv -ia• MSS .80 rn Baltaxe 1980 
Papua N.G. MSS 80 m Williams. and Comer 1975 
Ph'iiippines MSS 80 rn W -iiiiams 	and. comer 1,975 
Peru MSS ao m Sàdówski and. Danjõy. 1,980 
Ethm:opi.a TM .3.0 in Eks.trand. 1986 

Vegetation invento.ry 
Brazil HSS 80 rn Keech et ai. 1978 

Species composition 
Indonesia Pan 20 000 Ste]lingwe.rf et ai. 1986 
Mexicõ Pan 30 000 •Stõiiingwerf et ai. 1986. 
Thail.and Pan 60 000 :Steil'ingwerf et 	ai. 1.986 
Austraila Nat. 	col. 2 00Õ Myers and Beinson 1981 

Marigrove Foresta . 

columbia Pan 45 000 Stellingwerf et ai. 1986 
Bangladesh MSS 80 m ERDI 197 
Barigladèsh SPOT 20 m Khan et M. 1983 

Forest •damage Columbia Pan 20 000 Stelljngwerf et ai. 1986 

Drainage Indoriesia MSS 80 m Steiiinywerf et ai. 1986 

P•lant.ation inappin,g 
Xrtdonesia Pan 30 000 Stellingwerf et ai. 1 . 985 
Indonesia Pan ló 000 Steu1ingwerf et ai. 1988 
Brzi1 • MSS .0 m náltane 	1980 

•Vegetation change 
Cólumbia MSS 80 m Steliingwérf et ai. 1986 
varlous . MSS 80 m Baitaxe 19.87 
Brazul MSS 80 ni. Baitaxe 1980 
Thaiiand MSS 80 m Baltaxe 1980 
Brazil AVHJR 1 km Maiingreau and Tucker 1987 
Braz ii • AVHRR 1 km Neison and Holben 1986 

Land 

 

use change 
Indonesia Pan .50 000 Steiiin.gwerf et ai. 1.98 
Cõlumbia MSS 80m. Steiiingwerf et 	a.1. 198€ 
varous. .MSS 180 m Baitaxe 1987 
Brazil MSS 80 m Novaes 1979 

Road detection/mapping 
Mexico Pan 30 000 Steiiingwerf et ai. 1986 
Indonesia HSS 80 m Steiiingwerf et al. 1986 

Firo dtection Brazíl AVHRR 1 km Matscn and Ho.iben .1987 
arzii ÂVHRR 1 km MaTingreau and Tucker 1981 

1 For aeriai .photography ('pan),.the contact scale is used instead of resolution. 
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Table 2. Summary of SAR Applicatiõris Results in Tropical Forésts 

Appli'cations .Area 	Cõuntry Band Res'n Reference 

Poad .detection 	 Saraw.ak X 6 m Thompson and D'ãms 199.0 
Peninsular X: 6 m Amad et ai. 	19.88 

Mal ay's ia 
(Cameroon L 4J0 	in W.erie  

CI earcut detect.i on 	Cameroon. 	L 
Yeneul'a. 	L 
Indonesia L 
Brazil(?) 	L 
Colunibia 	:8 X., L 
Casta R ira 

(learcu't rvwetat nn C'amer'oon 	1. 
Vene.la 	L 
indÕne s ia L 
Coata Rica X 

?.ett. is me nt a 
	

Ni9eria 
Par acivay 	L 
Indonesia L 

'rawaI 
Col'ombia 	X 

Agricultural 
	 Paraguay 	L 

conversion 	 Sarawak 	X 
Peninsular X 

Mal ay.ia. 
Col'ombia 	•'X 

Tree p.lantat'jons 
	

Guatemala 
tndories'i.' 
Australia 
coflio 
Pen 1 tisui.a'r 
Malaysia 

	

40 ia 	Werle 198 

	

40 rn 	Werla 1958 

	

40 rn 	We'rl'e 195 

	

40 Ffl 	Stone & Woodwell 1987 
0-22,6.,40 'm de Molina' 4 Molina 1986 

Sm 	Dam 	 1.987 

	

40 rn 	W.erie lgàâa 

	

40 rn 	\sr1e' 19ia 

	

40 n 	Werie f989a 

	

6 m 	Pams et. a I , 1987 

	

3 Q rn 	FUnting 1,984 

	

40 m 	War'Ie 1989a 

	

40 rn 	Werl'e' 1.989a 

	

( m 	Thornpón and DaniS 1J90 
6rn.,2rn de Molina and I49ina 199 

	

'40 rn 	Wrie 1986' 

	

6 m 	'fhornpson 'and Dãms 19.9 

	

6 m 	ïhomon and tarns 1.990 

6rn,12m de Moiira and to1ina 180 

10 - 22» rn Del1w9 etai.. 1978 

	

40 rn 	Werie 1989a 

	

12 m 	Lowrv.'et_ai. 1986 

	

6 m 	Thompsen and. Dams., 1990 

	

6 m 	Mrnad et 'ai. 1988 

K. 
1 
x 
x 
x 

Mang:rove forests Indõnesia X, 	L 4.0 m King 1985 
Panama. K L~É & MacDonald 197'3 
Sar:awak X 6 m T'hompsort a'nd Drns 	1990 
Australia X 12 m Lowry et -ai. 	1986 
(Bahqladesh L. 16' - 33 m Imhoff èt a]. 	1986 
(Floridai L 25 m MacDonald eL.21. 	1. 981 

fioOdi9 •Bén.1:desh L 28 'rn iiihof 	àt 	ai". 	1"96. 
Austral ia L 40 	'j Werle 1989a 
Indonesia .L 28 m Ford &, ,Sabins r  195 
Guatemala L '25 	rn Pape. l987 

lobia. X 6m, 1'2m de .Mõ'i'fa and Molina 1.989 
Indonesia', L 20 .-- 30 m Ford & Casey 1'98 
B'orn'eo 

Drainae 	. Ni.gsrla X 30 rn Si'c.co Snnt 	198.0 
Columbia '.XL 10-22,16,40' rn de Molina & Molina 1.986 
Braz'il , .16, 	40 rn F'ord & 'da Cunha 198& 
Cameron. o L 40 m ' 1 erie 	1'989a 

,Sarawak '( 6 m Thornpson and Dam,s 199.0 

Broad iegetaLibp Brazil ,X' 16 m Furl'ey, 	1986 
classes t'icaraguà Ka  1'Õ-20 m Treve.tt 1986 

Togo K. >2.0 m Gelnett et ai. 	1978 
'N1ge.iá X 3d :ni HUnting 1984' 
Colomb'ia X 'f0.-22 rn de' MOI ina gt al1973 
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Tábie 2. Surnrnary af ISAR Applicat,ions Results 1n. Topícal Fore.sts Cont.'d 

Appli,catons Area 	,Country 	Rand 	R.es'n RefëreicQ 	 . 

Colombia 	 rrvott 19.86 
Colonibia 	K,X,L 10-22,16,40 a de Molina & Molina 1986 
Colornbia 	X. 	6m, 12m de Molina, and Molina 1989 
Au'stralía 	X 	6,  m 	Lowry et ai. 1986 
Indotiesia, L 	 20 - 30 a Ford & Casey .198 
Borneo 
(Brazil 	 16 m Disperati and Keech 1978) 

Forest iriventory 	Peninsular X. 	.6 tn 	Áhmed et ai.. 1988 
information' 	 Malaysia 

(Nigeria 	X 	> 30 m S,iccõ Sait 1978) 
(Ca lümbia 	IÇ,,L 10-22,16,40 a de. Molina and Molina 198.6) 

Studies in parenthèses () report: negative findings for tha:t application 

Table 3. Basic Char.acterist.lcs of Optical and Microwave Sensors 

enspr mode Swath(krn) Resolution Incidence 

L-MSS Standard 185 rn -ii' 

L-TM Standard 185 30 m -31 	- 1i. 

SFOT/HRV Multispectral 60 20 .m -31 	- 31 

SP.OTIHRV Panchromatic 60 10 	rn -. 

AVFIRR Standard 2000 10Õ 	ni 45 	- 45 

RSSAR* Standard ido 28 x 30 m - 

49: 

(4 looks) 

RS-SAR High Resolution 55. 8 x 8 m 20: 49' 
(1 	loôk) 

RS-SAR Extendéd 100 28 x 30 m 49 	- 60 
(.4 	looks): 

RS-SAR :SGanSAR 500 100 x 100 m 20 	- 49 
(8 iooks 

'RS = RADARSAT 
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Ta.ble 4. Summary of Information Requiretnents and •Appropriaté. Sensors 1  

Broad Scale: Global, continental, national Agencies ccncerned: 

Typtcal maping scales , 1:106  te 1:i0 7  
Spatial resolution: 0.1 te 10 km 

Informatiori reciui:rement. 

Broad vegettion classes 

Vegetat on cover/vi gour 

Length cif growing season 

L3rg€-' area vegetatiõn change 

International organi zat ons 
!ntenátional. development agencies. 
Global Gnvironmntal. resoaroh groups 

ADDrODri ate sensor( s) 

NOAA/.AVHRR 
RADAIRSAT Scan.SAR 

NOAÃ/AVHRR 

NOAA/AVHRR 

RADARSAT ScanSÀR 
NOAA/AVHIRR 

Hediurn Sca.le: National, regional 	 Agencies concerned: 

Typical mapping scales: 1 :10.4  te 1 :1O 
Spatial reso1u.ticn: 10 to 1000 n 

infõrjon regui rement 

Topo.graphy 

V.egetation invéntories 

Mangrovo forests 

Drainage fletwórçs, standing water 

Stand'nq watér under canõpy 

Roads and settlernents 

Change détecton 

FOr.est daage 

RQvegetat i on assessrnent 

P1 antati on ruappi ng 
TM 

Agr -icultural convers -ioh 
(vegetation change) 

Fire detectiõn 

National, state, and provincial 
Natural resource, envirohme.nt, and 
parks Departrnonts. 

Approri ate sensor( s) 

Air phõto. SPO1/HRV 

ir phbto, Landsat/i.M, RADARSAT/Standard 

Landsat/TM, SPOT./HRV, RADARSAT/Standard 

.Landsat/TM, SPOí/HRV, RADARSAT Standard 

RAD.ARSAT Standard 

SPOT/HRV, RADARSAT Hi.gh Resõlution 

SPOT/HRV, Landst TM, HADAIRSAT Standard 

Air photo, Landsat/Ti (based an •temperats 
latitude studies) 

Landsat TM, SPOT/HRV 

RADARSAr High. Resolution, SPOT/HRV, ta -Lt 

RADARSAT Standard, RADARSAT High  
Resolutioh, SPOT/HRV, Landsat TM 

.NOAA/AVH RR 

In this tâble we have indicated Laridat/Ul aiid SPOT/HRV where stucies have hown tt 
Landsat/PSS is effective, because oir experlence with forestry applications at temperate 
latitudes has indicated that cutorners are usually willing to pay the extra cost for the 
additional inforniation coritent af these sensors. We have n. indicated aerial photoraphy 
("Air phôto") for applications which can be dõne wlth satell.ite data .because cuttomers 
gerieraily prefer the rnuch lower cost per unít area of satellite data. 
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Small Scale: Local 
	

Agencies concernad: 

Spatiai resolution 1 to 10 m 
Typica1 mapping scales: 1.:10 3  to i:io 

Resource colnpanies, Municipafltles, 
Natiorial and local parks administrations, 
engineering companies, non-governrnental 
organi Zations 

Aopropriate senaor(sj 

Air photos, airborne SAR 

Air photos. Landsat. TM, SPOT/HRV, airborne 
BAR 

Air photos 

Ar photos, SPOT/f-IRV, airborne SAI, RADARSAT 
High Resoluti.on 

Ai  photos, airborne SAR, SPOT/HRV, Landsat 
TM, RADARSAT High Resolution 

Informatjpn reciul rerient. 

Vegetation specles mixes 

Wildlife habitat 

Tree diameters and hejghts 

Roads, trafficability 

Plantation inapping and assessrnent 
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AHSTRACT 

T1e Ever.Green Pian is long  range
1 
 ained at effectiv. tropical crestry 

inanagement (uinq especially spacecra.ft radar data) before the end õfthe decade. 
It has both technical and insttutiona1 theines It builds on basic sci.ence and 
institutional foundations, and is intended te culm.nate n an effe n ctive etwork 
of resident technical capability and effective institutional linkages rooted Lfl 
tropical regions, joind toutiiïze the infornation from quiititative observations 
of the key environmental parameters for appropriate resource iaanagement reponses. 
Provision of economic, political and mnsti.tutional incentiNeS aré incorpprated 
In the .Plan., and are lntendad te over.corne those impedinlents freqflefltiy encountered 
in remete sensing technology transfer progralts This paper elaborates on the 
rationale for the systems approach and incÏudes a .brief description ci thê ten-
. year plan for impiementation of EverGreen. 

.INTRODUCT1ON 

The Amazonian iegion c9ntains a 
significant. proportion of the wprld'.s 
tropical forests, one ttiird õf whiçh is 
.found in Braz ii. Brazil lias taken a 
leadership rolé in national and 
internationai :actjvjtjes  aimed ata better 
understanding of deforestation processes 
through improved monitoring. In 1988 the 
Brazilian government initi:ated a program 
caiièd . tlõur Nature 01  te establish 
conservati,ori poliçies for the country's 
natural resotirces (IMPE M. part 
qf this prograin, the Instituto, de 
Pesquisas Espaciais (INPE) conducted á 
survey of .the axtent .of deforestatiort in 
the Brazilian Legal Amazon in 1989. INPE 
is: leading the International Space Yéar 
(ISY) Deforestation Project and bas 
proposed a séond ISY project, the 
Syntheti'c Aperture Radar Deforestation 
Edudation Worishops. In. ordér to tnform 
the public about these. efforts, INPE lias 
recently: iriiti.ated a quarterly 
newlsletter. 

These significant activitiés are. 
représentative of an increasing nner of 
private and public responses to. tropical 
:defàrestatión, biit th2re is stili no 
system for 'nonitoring tropical 
deforestation on a global .sca1é. A 
contributing factor is the lack of 
appropria€e tchnõIogy. During the198.Q,s, 
thé anly sateIlite. systems avii'lahle 
carried optical. sesing systems which.have 
not :been 'abié 

n
te provide côinpiete and 

timely covera.ga due. to aLoud cover over 

tropical régions. Beginning jn 1991, a. 
series of radar remote..sensing sata].lites 
.zi1l begin operation. These' inicrovave 
viewing. systéms. cán penetrate cloud, 'fog., 
and:iuist. It is-  timely te prepare for the 
liest use of data from these. systems in a 
glõba:l tropical forest nenitering proqran.. 

Establ.ïslunent ef au effec*jMe 
indigenous monitorinrogramwiii..requi're 
inorèthanjust.the provisian ef radar data. 
and supporting' tàchnology. Tf radár 
sensing is te lia applied successfully to 
€his j:ue., it inu'st lia accõmpanied by an 
effective 'teehnology trans fer progra. 
Such a prograiu will lis 'successful onl:y  te 
tha extent that it recognizes and responds 
e t the motivating forces found iii 

.deveioping Cøuntries, pàrt iu1 arly 
eccnõmic concerne. The systems approach 
te technology transfer in suoh 
circunstances is inost apt 1  but it inust go 
beyond the. conventiortal bounds õf remõte 
sensing praõtice. Within. the fraine ef, 
reference of a given developing country, 
the systeius'approach will help to'directiy 
relate the information content of data 
producta te local issues of jnmedjate 
importanCe.. Use of reniotely.sensed data, 
much lese demáhd for it, .wili occur only 
if it is. seen to be essential 'r 
.effec± iva action 

TECHNOLOG.Y .TRANSEER: A SYSTEMS APPROACH 

Pliere are thrae major echoola õf 
scienõe and technólogy policy whïõh have. 
contributed both to the theoretical 
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literaturé and te the deveiopient af 
scientific and technologicai ôapacities 
in the developing countries (Weiss and 
Ramesh 1983). One school e3nphasizes the 
building 0ff national scientific enclaves 
to serve as centers o.f ecce11ence from 
which science and technologi.cal advances 
will "trjckle down' through the rest of 
the economy. Another school is based on 
the fundamental principie that 
technolog.icai resources should be 
cOmmitted based: on the xnost pressing 
social issues as identified by societal 
iueinbers, a "bottom upu  approach. 

The third school takes a systems 
approach to developing. techncicgical 
capacity. This approacti begins with an 
understanding of system objectives, i.e., 
getting the technology int.o the hnds Of 
the users. Attèntion is ..ocused on the 
relevant institutions and the technology 
transfer netwarks which coni -iect them. 
The intended strategy is to .irnprove the 
fiow of technology from developed country 
donors (getting the technolagy more 
cheaply and under iéss restricted 
conditions)., to and through loca]. 
institutions (diffusirtg the technoiogy 
through the system, developing local 
expertise), and adapting the technology 
to local needs. Writers in this school 
have extended their field 0ff study to 
include economic and political forces in 
the enviromnent surrounding the technology 
transfer process, as these are viewed as 
having significant impacta on the succesa 
of the system and can be influenced. .by 
system managere. 

Numerqus authors have taken this 
perspective in ana].yzing techrtology 
transfér and diffusion processes (Frase 
1983, Rogers 1983, Rogers and Eveland 
1975, Robinsõn 1989, Roman 1980). 
Likewise, a number of professionais In the 
field õí remete sensing have urged that 
knowiedg.e gained trem remote sensing 
technology transfer (RSTT) be úsed to 
build a conceptual model 0ff the transfer 
system (Hankins 1977, Levin 1978, Pala 
1980, Voute 1982). 

Iii :responaa, a study of reinote 
sensing technology trans Ler to deve loping 
countries was completed recently, based 
on the sYstemo perspective. The study 
began with the deve.iopment of a systems 
modal of the technoiogy transfer.process 
througli case studies of the transfer 
procesa J.n Thailand and Zaire. Further 
research, based on the inodei and a fïfteen 
year literature review, ied to a global 
survey of experts in the field (Specter 
1986). Resulte of the survey reveaied 
critical factore related to s.ystem inputs 
(the lack of appropriate computer 
equipinent, inadequate data distribution 
patterns and costs., and the lack off 
experienced persoanel); the transformation 
prõcess (lack óf cooperatiõn and 
coordination asong relevant organizatiens  

in 	developing 	countries);. 	and 
environmental considerations (economic and 
political constraints, and the uncertain 
future of Earth-observing sateilite 
systems). Later studies have supported 
the systems perspective as a tool for 
better understanding of the technology 
transfer procese (Specter and Gayle 1989, 
Specter 1990). 

Empioying a systems paradi,gm te the 
study of the trans Ler procese has proven 
successful to the extent that it tias led 
to the identification of system elemente 
and their interrelationsiaipe. A more 
practical r.esult of this approach has been 
to provide managers in the field with 
additionai knowledge about the system that 
could assist them in controi],ing and/or 
influenclig critical elements in order to 
irnprove the flow 0ff teohnology to end 
users. However, this does not riecessarily 
niean that the information that the 
tecl-iriolog-y can providewou].d be integrated 
in national decision making processes 
regardingeconomic development or iniproved 
envirosmerital managenient.. 1ff that is our 
fundamental goal, we must look beyond the 
technological system to ttie role of 
technoloqy in society, taking a rniss.ion-
.driven, context-oriented approach. te 
objective setting. 

ENVIRONNENTAL ISSUES AND SYSTEI4S 

The 	human 	race 	is 	facirig 
erivironmental degradation 0ff global 
proportions. Many cleveloping countries 
have experienced inassive lesses of their 
major sour.ce oL economic capital: natural 
resources. Some hover on the brink af 
"environmerital bankruptcyT' (MacNeill 
1989). The Club 0ff Reme warned us of 
these environmental perile through a 
process of "world niodeling", using a 
systems perspective. These experts began 
by outiinin4 five major parte 0ff the 
global predicament: population, poilutiori, 
industrial capital, agriculturé, and 
resource depletion. They believed that 
mankind could no longer deal with such 
problems individually, but had to attack 
them in a unified fashion. However, the 
Club of Roine approach has been criticizéd 
for attexnpting to throw ai]: major prob].ems 
into one "problematigue", niaking the 
system far too. large and too cõmplicated 
te encourage actiõn ãnd response 
(churchman 1979). 

Nora reaently, the World Coinxnission 
em Envirornuent and Development (WCED) 
released a report stating that future 
survivability on this plariet reste with 
our ability to integrate economic and 
environmental planning iii order to achieve 
sustainable deve1opent (WCED 1987). 
Traditíonaily these activities have been 
handled as separate programe by separate 
groupe (MacNeill 1989). 
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Proponents. of the systems apprõach 
would arque that this p±edicament is th 
result of not having the overail mias ion 
clearly in .ird when the relevant 
organizations and netiorks were 
estáblished. SomO groups have seen the 
objective as economic development, others 
have focused àn environrnental 
conservation, and those exigaged in 
technoloqy transfer have concentrated 
their ef farta on .getting the technology 
into the handa of •the and users. As a 
consequénce, each group's problem-solvirig 
.context, has enconpassed 'a re1ativly 
narrow range of orqariiZations, 
:professions, and sôIutipn which are 
inadequate. to. meeting the chalierige we 
face. 

The systems perspective encourages 
us to take a broader view. If oür mission 
is to saintain a sustainable resource base 
iri the face of. growing economic demanda, 
a systematic response must be designed 
tha.t brings togèther experta and 
organizatiónal. resources from various 
subsystems.. one major oppõrtunity for 
those. of us in the remoto serising 
coiumunity .to apply this integratíve 
approach is in response to tropical 
def.orestation. Remota sensing technology 
has a major role to play iri the nõnitoring 
of tropical forasta, and can coritribute 
te sustainable forest management programa, 
provided that our data. collecti.on and 
distribution efforts are integrated jnto 
environmental nianagernent and .eccmnomic 
developnent decisions. 

RESPONSES .TO TROPICAL DEFORESTATION 

Lesses directly associated w!th 
depletion of the tropical foreat resource 
base, inclúdïng fuél, food, shelter, 
.pharmaceuticals, trade, etc..., are 
tangible, and attempts ta quantífy these 
lassas have been undertaken (e.g.  World 
Resources Institute (WRI) 1985).. Lesa 
tangibie, but perbape of more importance, 
deforestation threatens global scosystems 
fundamental te lifa. as we •knõw it. 
Deforestation is the. second largest 
contributor to the global warming.process, 
(after the burning of rfOSSjl. fueis), 
releasing 2 billion tõns .of carbon dioxide 
inta the atmosphere annuálly (Houghton and 
Woadweli, 1989) Whereas the relativo 
imortance of tropical blomass j 
moderatirig the. Earth's atmosphere is .a 
aatter' of research, there i is growng 
recognitian that increase jn atmospheric 
.carbon dioxide and ather aspecto of global 
charige are aggravated by continuing 
tropical forest depietion ('Cowen 1988,) 

Wi.th growing awàreness of the 
tropical deferestation issue, 
institutional respõnsés have. oeourred at 
the . internatjonal, national, and local 
levai. Some of these initiatives focus 
on the need to provida adequate monitoring  

data. .Others focus on the need for polioy 
refàrin, g.iving consideration to econoic, 
politic1., and institutional factors. 
}Iowever, there have been few .attempts 'to 
iacorporat remnotely sensed dáta into 
global natural resource inventory and 
mnonitoring activities,' nor to ,  tie 
resotely sensed data te enviroxunental 
action plans. 2  Nora, then, is a real 
world problem that requires the 
application o-f remate sensing technoiog 
as part af thê .soi:utiõn. Given the new 
genáration of radar sateilites that will 
begin operation in this dècade, there. is 
even more reason te harness the technology 
for tropical forest inoni,toring. 

Tropical deforestation is the inost 
important global problem. . çonfronting 
mankind .that is directly observable by 
environmental surface senaing imaging 
radar systems. These radar remate senaing 
sateilites will be added to the optical 
sensing sateilites (Landsat and SPOT) and 
passivo micràwave radiomnetric systems 
ÇNOAA-7 Advanced Very .l{igh Resolution 
Radiometer (AVRRR)) currently flying. The 
Eurdpean Spa.ce Agency's Remoto Sensing 
sateilite (ERS-1) will fly in 1991 the 
U.S. Shuttle Imaging Radar-O (SIR-C) is 
scheduled for launch in 1992, and 
RADARSAT, a fully operatirial Canadian 
systeiu is scheduled for 1994. Ground 
ràcéiving stationel te receive and proces.s 
the data are .being established in several 
developirig countries.. Theae high 
resolut.iõn systems cõnpleTaõnt the proven 
global capability of the lower resolution 
inicrowave radiometria systems and the 
optical sensing systems. However, there 
are no current plana te intograte these 
systems in an effective global monitoring 
program, ând improved monitoring is only 
part of the solution. 

FROM SATELLITE HONIPORING 
TO EFFECTIVE ACTION 

Catastrophic depletion of tropical 
foresta. is not the "problem" The real 
probiem. may be viewed. às our current 
inability 'te move from sateilite 
mõnitoring te effectiv.e actiOn.  Ia arder 
to iniprove institutional responses te this 

This was the conclusion of many of 
those who partiõipated jn the 
international conferarice, Glchal Natural 
Resoúrce Monitoring and Assessrnents 
Praparing for the 21at Century, Venice, 
Italy, 24-30 September 1989. 

.Põr example, the advisory group for 
the FAO Tropical Forestry. Actián Piam, 
which includes over 60 tropical countries, 
has expressed increasing cõncern over ita 
inabiljty to monitor and evaluate the 
levei ef progress being achieved in 
implementing the Plan. 
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significant area af global change, we xust 
address three issues in an integrated 
manner: 1) available data regarding the 
status and rates of depletion af these 
ésources are often inadequate, 

insufficierit, anã unfocused as to econonUc 
and political decision making processes 
at the national and internationa]. leveis.; 
2) programs of technology transfer, 
iristitution buiiding, and those designed 
to encourage indigerious capabilities to 
u. sé the data fôr environsental analyses 
within the tropical nations need to be 
ei fectivêiy ecpanded; and 3) economic, 
political and institutionai incentives to 
ehçourage use of the data iri the service 
of environinental policies, manageiusnt., and 
regulation are lacking. Each of these 
issues is discussed briefly below.. 

.The Data Base 

It is. widely believed that changes 
iri policies wiii not occur without 
increased understandjncl of the local 
consequences of deforestation and 
degradatiõn. Therefore, iinproved global 
nonitoring ai tropical foresta is 
essential (International Task Force cm 
Forestry Research 1988). .Satellite 
technology is the key to carryirig out such 
a inonitaring procesa, (World Couimission 
cm Environment and Developrnent 1987), and 
it is recognized as such. in the. science 
for global change •initiatives (Edelson 
1988) Ecologists and remate sensing 
experta have joined together in caliing 
for the establishment ai •a global 
monitoring prõgram for tropical 
deforestation using existing and planned 
sateilite systems (Booth 1989, WRI and the 
Internationa]. Institute for Envirorunent 
and Development 1988) * 

In such research efforts aiaed at 
redressing the inforruation needs over 
tropical foresta, remote senaing systems 
such as Landsat and SPOT are being used. 
However, conventional remate serising 
sateilites eznploy optical viewing systems 1  
and thus are limited by optical 
visibility. As has been provem 
repeatediy, tropical forests are 
frequentiy cloud covered, ao that optical 
remate senaing inethodecannot prov.ide the 
accurate, complete, nor timely coverage 
rquired.. adar sateilite data can play 
an important role in providing data that 
can augment surveys currently underway. 

Teohrioloov Transfer anã Indicrenous 
Capabilities 

The ei fort to provide remate sensing 
data as input for po].icy tnakirig in the 
tropical nations would be. set niost 
constructively within a broader program 
ci technology transfer and education in 
order to build indigenous capability to 
utilize it. Without local motivation, 
attempts to trans fer remate sensing 
t 4chnology to developing countries would  

encounter nuinerous õbstacles 'which would 
hãve to be overcome if the process is te 
suaceed (Specter 1988). 

Economic 	constrainta 	are 	a 
fundamental concern in such a procesa. 
The size. of capital investment reguired, 
coupled 	with 	foreign 	exchange 
considerations règarding imported 
in-fonnatiori and hardware, are major 
õbstacles to the establishment and 
operation of mõnitoring programe in 
tropical natioris. Policy makers •need 
information about the potential role that 
remate sensing technology can play in 
addressing their own national tropical 
forestry issues. Without their support, 
the success of any tropical forest 
inanagement effort is questionabie. The 
lack ai experienced personriel who have 
training ar education related te the use 
of remotely sensed data in the developing 
couritries is a serjous hurdie to be 
overcome. Often €here is inadequate 
physicai infrastructure to support data 
processing, analysis, and interpietation. 
Finaily, increased networking and 
cooperation among the varlous ministriôs, 
agencies, and user groups is a necessary 
inqredient. for succese. 

Econoinjc, Political. and 'Institutional 
Motivatiàn 

Withiri the economic framework, 
evidence is building that the yields of 
alternative land uses have been greatly 
overestimated, while the revenues that 
could be obtainsd from standingtracts of 
forests have heen ignored ar 
underestimated (Peters, Alwyn, and 
!dendelsohn 1989). Also, the negative 
consequences ef large acale development 
projecte have not heen quantified (Repetto 
1988). In general., given the lack of 
cost'/benefit 	analyses 	ci 	current 
practices, . long-terni économic 
considerations are losing aut to short-
term, epecial interests, and often 
illUsory .gains. 

Within the po].itica]. decision-making 
framework, efforts to deal with major 
isues, such as the size af foreign debt 
owed by tropical natiens to private and 
international banks, often lead te plana 
and policies which, in effect, further 
degrade and destrby tropical roresta 
(Sinith,, Bluestone, and Yanchinaki 1988). 
The situation is complicated by very 
understandabls. sovereignty sena itivities 
concerning the right ai each country te 
coritrol and exploit domestic natural 
resources. Furtherrnore,internal 
oiitiai pressures inay tempt those im 

power te consume national farest resources 
in attempts to solve social and political 
conflicte, related to poverty, 
overcrpwding, uneinployment, and growing 
dissatjsfaction with land tenure policias 
(Repett.o 1988). Government. ownership and 
contrai of foreat resources ntay lead 
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gevernment officials, speçial intrest 
gloups, and others favored by those in 
pówer, te benefit financially from their. 
disposaL In ali of these politicai 
decision, both at the national and 
international leveis, trade-offs are made 
by organizations and individuais 
presuinabiy lacking inforination aboút the 
foret inventory, and the ultimatciiapat 
ei •their decisions, leading te resource 
depletion. 

TRE EVERGREEN PLFiN:. A SYSTÉMS APR0ACH 

This reveiw ei the problein Indicates 
the need for large scal.e, 
multidisciplinary• action. Remote senaing 
technologists inugt joiri forces with 
ant.hropologist:s, soci.ologists, 
politicians, eçpnonists, and bankers in 
arder te fully address tbe issuesraised 
here. Furthermore, the solution will 
requi•red a massive coiiuuitinent of financial 
and insti.tutional resources. The 
Evercreen Flan currently being developed 
:at Florida International TJniversity with 
the coopera.tton of the Canada Centre for 
Remete Sensing, is a long range initiative 
designed te asist tropical countries with 
forestry management. EverGreen add.resses 
the próblem by seeking •to capitalize on 
resources already committed te tropical 
deforestation nonitoring and. amelioration, 
within a prograiti dos igried te integrate 
data .collection, technoLlogy transfer, and. 
.responsive action. 

Uniquenessof The Everreen •pIan 

Any tropical forest oh servation 
effõrt would be enhanced through inclusion 
àf data irem radar sateIlites. nata troa 
the only radar based environntental 
sateilites that have fiown to date (SEASAT 
(1978), SIR-A (1981), and SIR-E (1984)) 
indicate thát spaceborne imaging radars 
cou.ld be used to monitor tropical 
deforéstation. Although the feasibility 
of this .application tias been reiniorced, 
there exista rather little effort 
world-wide to •exploit this valuable 
capabiiity. A torestry radar data base 
does exist, but it iargely exciudes 
tropical data. Many airborne radar 
missiono have been flown in the tropicS, 
but almost exclusívely fOr mapping, ar, 
ironically, for locating otaride of largé 
tree specimens for the timber aarket. In 
short., there is a job to be dona for which 
systematic spaceborrie radar data is 
eiainently suited. 

Ground receiving etations to reçeive 
and procesa the radar data epected in 
this doe de are be!nq established in 
severai of the tropical countries where 
thé rates of tropical deforestation are 
most severa. An Initiative such as The 
EverGreeri Plan is essential te prepare for 
the effective use of data from these 
systems in a global tropical forestry 
monitoring program. 
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Phe EverGreen Plan will encourage and 
capitalize: on deloyinents being pianned 
by remete sensing agencies ei experimental 
airborne imaging radars to tropical 
foreeted regions, supported by SAR 
(Synthetic Aperture Radar) scierttists 
knowlodgeable in forestry applications. 
Thë program will expand to include data 
trem imaging radar sateilitas, ERS-1 and. 
SIR-C during the perlod 1991-1993.. The 
primary value ai •thé use di these data 
sources will be te prepare for the 
operátibnal use of satell.ite SAR dat.a is 
tIie latter haif ai the decade. The firot 
SAR sateflite planned te support 
operational data reguiremento is RADASÂP, 
a Canadjan mias ion tó be launched by NASA 
in 1994. 

Goala of: the EverGreen Plan 

In arder to provido a ccupling 
between nonitoring and manageiaent, the 
.EverGraen Plan bas scieritific, 
lnst itutional, and pai icy-related 
objectives. Achievement of EverGreenTs 
scientific objectives will improve 
significantly the qual ity ai information 
avaUable concerni.ng ratos of tropical 
ferests 1  depletion and thetypes ci human 
activities related te such lassos. The 
scientific objectives of EverGreefl are, 
interided te support quantitativo remate 
sensing inethodology for tropical forest 
observation,. eopeciafly by. C-Baricl radaro. 
Tbe tecbnical objectives are to 1) 
coord inato independent investigations 
directed towards obtaining specific forest 
radar siLgnatures; 2) compile a iistingof 
tropical for.est radar data base, one 
which, where appropriate, is related te 
existing teaperateand boreal forestradar 
data bases; 3) identify and qualify key 
radar and forestry paraaeters af 
importance to global monitoring; and 4) 
encourage and contributo te the 
development of a strategy for effective 
tropical forestry monitoringusing remoto 
senaing systems ia the 1990s. 

Itowever, sirnpie availability ai 
forestry inforntation is insufficient by 
itself. If data coilection is te play a 
significant role ia reversing tropical 
deforestation, the terma of data 
availability, and local mechanisms for its 
use must be designed and implementeci ao 
that constructivo fórestry management 
plano are encouraged. 

Ia light ei this. perspective, 
Everreen's institutional objectives are 
directed at strengtbening individuals and 
institutions comxnitted te sustainable 
tropical forestry management practices. 
Institutional objectives are te: 1) foster 
establishaent pi expertise in radar 
tropical forest observation resident in 
participating tropical nations; 2) build 
linkages betweera participating nations 
and radar sateliite sponsoring nation(s) 



fôr on-going tropical, forest assesslnentF 
and 3) côoperate with appropriate 
international agencies (such as FAQ) 
engaged in tropical forest ameliôrative 
action, particuIarly to establfsh 
information réquiretents in support .of 
ini.tiatives such as. the Tropical Porestr 
Actiàn. PlAfl as well as national and. 
.international econcttic. programs. 

Even with institution building 
activities, effective aanagenient. of 
tropical forests will not occur uniesa and 
until policies. and incentives are put in 
plàce to stinu1ate international and local 
response. Thr9ugh. this. third set of 
objectives related to natters af po•licy f  
The Evercreen Pian seeks to: 1) initiate 
creative national and international. 
policies regarding data availability; 2) 
encourage tlie establishment of necessary 
techriology trans fer policies froa radar 
sate1.lite launcbing stãtes; and 3) àonduct 
policy researcfi to identify politicai, 
ecortowjc ãnd institutional incentives, 
tied te teras ef data availability, that 
would énõourage a redirection õf 
international and national :pól.icios toward 
sustainable tropical foréat environmén€s 

Resources and Respçnsib±lties 

2he 	EverGreen 	S.ecr.etariat, 
haadquarteréd at Florida Internationai 
University, will cail on the abi.lities and 
directed energies of two central .groups.: 
the international steering cõÚnittee and 
the international •advisory board. The 
international stee.r.ing committee .will be 
colnprised of individuais who are 
internationally recogriized for. their 
ieadership •iri issues related to 
environtuental policies and planning. 
Optirnally, five such experta will •agree 
to serve on the cornmittee. individuais 
.currently beingcõrisidered includC a. past 
official •.with. the .United Nations. 
Environment L'ràgranune, a U.S. chief 
execu.tLve who previously directed a 
federal government agency concerned with 
environiuntal issues, and the director of 
a p.ubiic policy institute concerned with 
envirõninental issues. 

The internatiorial aclvÏsory board will 
be comprised of representatives froni each 
of tua threa countries which agres te 
participate in the deutonstration projects 
in Africa, Asia., anã Latia Ainerica. These 
individuais wil]. bemoat likely governnient 
officials froni ininistries of. selence and 
teçhnólogy, or environinental Tninistries, 
at sufficiently high leveis to conniut te 
prograin activities and direct 
inipiêinentàtiôn. 'he board wi]i. include 
representativas .of .the remoté sens.ing 
nations. whõ would be providing data: 
e.g., the U.S,., Canada, and The Eux-opean 
Spacé . Agency. 

The EverGreen Tierame: 

The overali Plan isdivided into. four 
phases. Eãch phase is ccinprlséd of a 
re:search coznponent and a 
networking/iinpleinentation cóutponent. 
These are discussed briefly. below. Phase 
1 (18 nonths) Networking áctivjtles 
include establishing an internationaJ 
steeritig conimittee te set EverGreén Plan 
policies; establishing an . internationai 
advisory board te represerit nat.ional 
intereste in prograin iutpleentation; 
establishing linkages. te key, active 
progranis and orgenizations. Research will 
be iriitiated ia three armas related te 
data policies, technology transfer 
proceses, and current patterns of 
decísion inaking involving trade-offs 
betw,een environinental and developutent 
concerna, and the role that satelljte data 
may play  ia these decisions. Also, 
regional workshops will be held in Africa, 
Ãsià, and Latin Anerica. Phase TI (2-3 
years): Field research viii be conducted 
to establish radar data sets for tropical 
foresta; efforts will be niade te estabiish 
radar capabilit ias lIa denonstration 
projeot countries, including teãhnology 
transfer througheducation, training, and 
equipinent, in order to build indigenous 
capacities te use the data. Phase III (2.-
3 yeàrs): Demonstration project activities 
wili. be  carríed oijt and the tõchnology 
transfer program will be continued. Phase 
IV (3 years and beyond): An ongoing global 
monitoring progran fór tropical foresta, 
with central participation by local 
decision niakers, wili be established. 

Current Status 

The EverOreen Plari is currently is 
Phase 1. Work is underway to bring 
together a corpa of experta te serve on.. 
the internationai stearing and advisory 
cõinniittees. The Plan uas galned 
recognitiori through presentations at 
international meetings during the past 
year. Researcl has been initiated ia key 
areas which viii provida foundatioris for 
EverGreen' a long-terni activities. Funding 
support is beiTig sought for this work. 

Ia addition, progreas is baing nade 
tbward The EverGreen Workshops, te be heid 
ia 'conjunction with regional sy]nposiuins 
ia Africa, Asia,.. and Latia Ametica., Based 
on a proposal at the Internationa]. Spaee 
Year (ISY) Conference on Education and 
Applications ia early 190, plana are 
underway to hoid the firet wokshop in 
1991 At the Institute for Space Research 
in Brazil, ini cooperation with Dr. Roberto 
Pereira da cunha, Director of Reniote 
Sensing. Phe workshop will serve as the 
first ia a sanes of SAR Deforestation 
Education workshops. The Workshop 
proposal was moat recently presented a 
the Space Conferõnóe of the Ainericas: 
Prospecta for Cooperation and Deve Iopment, 
heid inMarch 199.0. As aresult, there 
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is groving interest ia 'Everreen 
throughôut Latin Anterica. 

This paper is offered as 'a vehióle 
for dicussion and to' encourage cominents 
and part'icipation from thosa attanding the 
ISPRS Commission 1 International Syniposium 
on Primary Data 'Acquisitián. The. authors 
hope to use this opportunity te increase 
awãrenéss and suppoi± for .the Plan among 
Latim 2mérican remete sensing experta and 
others who are oncerned.with the delicate 
balance betweea the magement of tropical 
forest resources and econõmdevélopment. 
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THE WORLD OZONE bL t*A: 
RESEA!CH AND RESULT WITH REMOR SENSiNO 

Dr. J. J. Hurtak, Ph.D 
Technoiogy Markétinge Ana lysis Corporation 

:P..O. 'Boy  rE 
Los Gatos, 'Calif.arnia 9501 tJSii 

ABSTRCT 

In order to study the cheniically petubed. region of the Antarctic 
and the Arctic, NASA initiated airborne and sateilite 2.magIg of the ozene 
depletion through the ppedialized ER-2 plane (at 18 km) and the uiodified 
DC-8-72 aircraft (at - 12.5 3<in) with emote sensing systems onoaxd 
In*tument's .onboard 'the R -2 and DO-8 14A~SA research airràft. aureyed the. 
atrnosphere from vàrious altitudes and instruments on •the Nimbus-7 
sateilite anaiyzed refiected sunl.ght Measurem w çles ents ere 	igned to gaiqe 
not. on1 the extent of ozone. depletion over the AntarcticiArctic but. 
other chenn.cal changes in the stratosphere Activities carried out witLu.n 
prog-rams of réinote. sensing ánd in situ measürements by aircraft are 
cornpared with are compared to TOMS ônboard the Nmbu-7, as W611 as Dobsa 
ietwork ground statons Th;oçg these rnethods, enists have been 
extremeiy succesefui in mapping the huge holez in the ozone layer tbat 
appeared over Antarctica which is pazt.cularly extensiva for about two 
.months o± eachyear and tø confirrn ozone loas in t.he Arct±c arca. 

BE HECI{ANisHa FOR--O ZONE DEST.RUCTIØN 

ác-íe .nt-ia 	:at NASA, Lhe Natioal 
Snce P0andatí ó. ri, thé Ntional Ocean.io 
and Atmospheric Admixustzat±on .(NOAA) and 
othe'r institution8 after careful study now 
beijeve that the primary .triggers of á .zone 
depletion take place when a ing1e ã tom pt 
chiorine (Cl) combines with 03  to fora 
molecules of Cio and 03 . In som intaxes 
sünligh. accelérates the change focusing 
.o ice cryatal.s in the stratosphere wi.h 
attached chlárine mo1eu1es react ing with 
.ozoneyielding 0 3  Seientists believe that 
many of the sarne conditions of wind, light 
and teniperaturà t-hat causa the ozone 
depletiori over t:he A arctic -- the "ozone 
:hie" may alab be Õoourrinq around .the 
Artic. th addition the •coatinual 
pailutionof CFCs and alons appear to ldd 
te thjs phenornena. 2  

Although the kay reactin for 
destruction of ozone takes placa when Cl + 
03  react,. ii 18 believed that this rnight 
begin with the CiO dimer mechanism, whêre 
th.re.actiôri f CIO + Cio yiel:ds d1 2 0 2  which 
photolysesto atornic chiorine and C100 and 
ends with a catalytio destrutjoi ef ozõne, 
heré atømic chiorine (Ci) reacta with 0 

to forrn- CIO + O,.. Several procéssea may 
actuaily be taking plane.. For. e,çample, the 
chlo.rine mnoxide dirner, couid breakdown 
Í

. , 
nt-o C12  + 02? eventuall.y yielding two 

atomic chiorine, rtecessay for .the key 
reaction. - . 

The tJiory that chlorofiuoroãarbons 
(CFCS) could be desbroying the ozone layer 
in lhe earth's strat.osphere was orgna11y 
presented ip 1974 by .Dr. F. Sherwood 
.Rowland of the tJiversity ef Çalifornia 
(Irvine) and llariq Mõiin w b rc at Jet 
Populsion Laboratory, Cà1iforiia. 3  Theír 
concern was that CFC compounds are cherni- 

çaliy inext. and could reinam in the 
atmo.aphere for 40-150 years eentually 
polyzing to Èea .Ctaht. Cl. 

:Chemjcais are removed from the 
environments vià "ainka, namely ph9todis- 
sociation, 	rainout, 	and 	oxidation. 
Rowever, th. oftiy impottant s.ink for 
ÇFC-i1 and CFC-2 is .photodissociation in 
themid-str.atosphere bygol-ar 0V radation 
with waveiengths shorter than 230 nm 4  
whLcb "ver reach, the. lower atmoaplieres.... 
The CFCs enly d.f'fus.a when they reach 
aJ.tjtudes of 25 to 40 •]qn (with the 
greatest ozorte region lying :between 1-35 
km) • On.ce they are broken down, ia the 
stratosphere., they yield .atornic Øi1oine:, 
-which then rnakés it way back. irtto the 
lower stratosphere through the ozone layer 
and f3.natly into the trcpõsphere depsited 
as hydr chloric acid (14C1). 

Ona must look at the rate õf the 
reactibns in the uppex atinosphere under 
.full sunlight, as weli as with oloud-
cover. Q1sntitative1y there is a correia-
tion between thE àbuncjarice of CiO and the 
amount õf ozone Loat. The important. 
factor in the Clo chain ia :that afterthe 
ch1oine reactaM initiates the process of 
ozone destuction. .(gt thé deatruction õf 
ány odd xygen, i.e. 01.  or 03), thaC1 is 
:not removed (ia a dentrified envirozuneat) 
but is able te oncó again repeat the 
plzticess. And éach chlorine atom couid 
destrorapproxirnateiy 100, V.00 mole tias of 
P zie. 

A complete: understanding of kay 
chemibál reactiori rates and photodia-
assocition pQducts within tbe cataiytic 
proces.s is atili. incomplete. If t1e pho-
tolysis producta of the Cio dimer are 
Ci-ClQO then ozone destruçtion occurs, 
but if theproducts ar ci +.:0 + tio, then 
this would not b  t .  he rnechanism that wouid 
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be destroying the extenaive arnount, ef oone 
loas obaerved 

The }C1 and C10NO2  that are ustlally 
present as nonreactive reservoir species 
are transforrned. ori aerosols. and cløud 
particles te a forn of active chiorine 
(CIQ) "Thiá efeet of aunlight appears to 
accelerate the reaction tôcusing. oft ice 
cr.ystals lia the stratosphere with attached 
heterogeneous (surface) chiori.ne molecules, 
ereating different amounta of ozone loas at 
various times of the yëar' lhe long polar 
vinter night produces stratospheric 
ternperatures as low as -90°C at 15-20 km 
which poducoa Polar Stratospheri.c Ciouds 
(PSÇs). ChemjEal reactions on their 
surface are thought, te convert hydrochloric 
aid :a:nd chicrine nitrate iate molecular 
chiorine and hypochiorous acid (Hbcl) and 
ã.lso separate nitrogen o4de3 as nitrir 
acid. Then when spring arrivesthe atomic 
chiorine is reieasedby the sin, triggering 
ÇiQ chain reactione. 

If nitrogen, radicais were in abun-
dance:, chiorine .monoxide wonld zapidly 
react te forxa chiorine nitrite, C10N0'., 
•which lLke HC1 is nonreactive to ozone 
Since little NO exista to react witb CiO, 
there is to .  stoppirig the .reaction for .5-6 
weeks, cauain :ozone deplétion of .  951 in 
the strhtospere and 60% in ali latitude 
surrounding the SCa. The chiorine oxide 
diiner reaction ia thought to .account for. 
75-85% of the ozorse depletion iii the 
Àntar.ctic . 

2:. 	STRTEGT FOR TR .AAOE 

The NASA reserch planés (the. OC-O 
and rnodified• tJ-2) utilized between 10 and 
13 instrumenta eaoh in surveying the 
atmosphere from. varicua altitudes. lhe 
fjigbts were based in Ponta Arenas, Chile 
(53°9, 71W) atzd flew. sóuthwardtowards the 

Paixne-r .PèninsuÏa ei Antarctica. The AAOF. 
(Airborne Antarotie Ozone Experiment) 
Ãugust and Septémber i.987 was desigrted te 
investigate the Antrc.tic polar vortex. 
lhe Vortx, a .pattern ef stahle but 
•sw±rlinc :winds, .isol.ates a large portion 
of the. polar stratosphére. inside the 
vortx, air temperatures decrease enough 
for tbe formation.o.f type I PSÇs (Polar 
.Strato.spheric Clouds). Locatins ei 
chemically. perturbed. regÕfls (CPR). within 
the vortex were made known by the TQMS 
(Totál Ozone Mapping Spectrozneter) aimõat-
-real-'time mapa and SJ1 Ireásurements, of 
the. PSCà. 8  

lhe DC-8 flew 13 ilights in ali 
±ncluding extended 4ght fiights using, 
lidar measurementa with a 30 na wãve-
length XéÇ1-Ranian laser having a:repeti-
ton rate o  up to 50 fiz whieh had ita. 
best signal-to--noise ràtig in darkiiess. 9  

lhe instxuments rariedaceording:to 
fllght t.mea lhe FTIR (Fourer tranforzn 
IR) required low sun angies, but théNOAA 
UV/Vis apectrometer used a wi4e range of 
angles .(ïn.cluding fl.ighta 87090B.-.870909.) 
which took plaoe at night dur -ing a fuli 
moõs tomeasure :O1O.' °  

lhe benefLt of the DC.-8 was its 
10ng-ange àf 11+ hours fiyirig time to 
achieve direct penetr4tion of tbe hole., 
Puring thé AAOE f1ig1ti. it encountered 
ter dratures coider th:an,  ita certified 
ii.mit ot -76°C. Ths problm was overcome 
by IlyinT 1ower or by pumping .fiie1 
between. the varÍous tanka. Cirrus ciouds 
Were found to prevent accurate readinga by 
the FTIR and lidar measuring deviea. On 
ene fliqht. (870905) the Dá-8 encountered 
a muni-heis on the outer reaches of the 
vortex and next. te massive PSCs. Sõhe 
théories indicáte that tiais is not due te 
large-scale transport ei ozoxte-poor. áir 
into .the vortex, but relates te 
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anticyc1oni flow around the vortex itse1 
creating a 1.ow-ozone column.' 

.The 12 ER-2 fli.ghts were iimited to 
m approxiately 6 hours of Ílying tine or 

200 nautical niiJ.es,, reaching their. 
turnarounci paint :by m±d-day:. The aircraft 
flew oniy in auniight and 72°S (8.0.-90°W) wàs. 
considered the soutbernmost part of the 
:fLight. (ccbrd±ng to OMS' dáta, the ozone 
depietion covera an area from the. south 
pole to ppo.imately 70°S ) 

The ER-2 pLane has. a iëngth of 19 
maters arid carnes eztensive payl.oad 
leaving room for oniy a •sing.le-eat. The 
pilot tnust operate. all of Lhe instrumente 
that are. ]oadéd .into the aicraft's wing 
poda, nose compartmen and aft. fuselage 
(See rigure 1). 

The plane carried. instruments ter i.n 
situ. measu:rernents .ôf .O, chlo.rine m0OK±4e 
(CIO.), BrO, and NO (sum of ali .ôdd 
nitrogen species) • In the spear-pod lun4er 
thé wing •vas á MRS. (nnitiil ftet sampier) 
usinq a celluloàe-type filter papai:and a 
Te:fion cloth filter which is eposed te the 
airstream at varying tames tron 7-55 
.Minutas. The MFS carnes up te 22 fiJ.te•rs 
w±th an 11.4 cm. expos.ure .diameter. The 
filtere are-  héld in á linear stora'ge 
magazine, and are aotivatd by .  •the 
pilot'. The san1es which neasur.s1fat, 
nitrate, chioride r  and flouride abundances 

.r wee ana1yed pn: base at P.unta .Areias 
iminediately atter :the flight. 

The plane also :caied a scanning 
m:içrowave radionieter te measúre 
temperaturas above and below the aircraft. 

1he average potential temperature 
surface ef the fLights were ef 425 4/- 25K 
at apprdx. ia km. 1ketúrh flights Were some-
timès lower in altitude, but followed a 
sim.lar flightpath.' 5  Because ef weather 
coridítjons and movèinent ôf Lhe •Antarctjc 
voztex iii 1987, only three fli.ghta were 
launched whjle the vortex wãs c1ese 
870902, 87Õ904, 870909. Other flights 
during the MOE ha to go atE f.light tk. 
to. reach theõrte meaáüring areas. During 
the MOE, there vera 6 days when. both 
a.roraft flew. Theáe were 8'7028, 870830, 
870902, 8.700g, 870916, 870921. 

The EX.-2 also made ferry fliqhts 
between Moffett Field, Çalifornia and ?unta 
Arenas1 bhfore 0n812-15) and af ter 
(810929-971043) the schédu],ed flightsôver 
tjiè Antarctj.. These fi±ghts wére 
extremeiy irnportant. in comparingozone 
depletion at. ínid-latItudes.'. The uipment 
onboard the aircraft wa8 calibrated •to 
measure the stratosphenic ozone(Q) which 
is normally found át a concettration of 10 
parte :Per  talilion, chiorine 'norna11y fQund 
as a Parte •pér billibn (ppb) with 
Zeactivé. chiorine meanured ín parta par 
tri]L1ion. 

Ás NASA'e. Antarctic data was 
analyzed, large amounta ef chiormne 
inonoxide were. found at 18 kmin 1t:itude. 
Concentràtiona ot ch1rine morioxjde (CIO) 
reached 1 p-pb, 11  ã.bout two ardera 
magnitude larger than is found over the 

teaperate. zonas at the sarne altitude. 

3. 	AIREORNE ARCTIC STRAOSPflERIC 
EXEDIiION 

Compared with the .Antarctic, PSCs 
ará not as abundant and. have a shõrter 
existençe due te warnier temperaturas in 
the Arctic he warmer temperatures (-80°C 
as opposed. te -90°C in the Antirctic) are. 
in part cáused by the.greater mssof.1and 
in Lhe. Nortiern Ilemisphére. Only in 
approxirnately five of the last 30 wintérs 
have Jánuary temp era turés in the. Ncs±thern: 
polar regiôïi been eol enough foÊ ice 
clouda. Lo form. The polar vo.rtex is 'not. - ot as 
constriçted 

'
and there is little sunlight. 

due te the polar nzght Itowever, more 
than 100 scientists trem the rJ..K., Weat 
Germany, Nor.ay, Dernmark, and the United 
States took part in Lhe $10. inillion dàliar 
six-wek oone study (J;s,nuary-Pebruay 
19.89.) in the north polár ±éq,on sponored 
by tASA and N0 A. 

Before the flights, acientista knew 
tht e ozone depleti9n vas not as 
advanced as the hole over the Antaret±c 
and expete a. lesa ia Lhe: range of abQut 
2-8 1k in.  sttatospheric ozone te ha ve 
qcurred. ov e p er .thãst 	 a two decdés.' 
The depletion was antiôipated to he 
greater at h±gher latitudes and greatest 
:j winter. 

The ER-2 and ...DC-R planes recorded 
the chioríne nionoxide 1ev1.s in the 
Northern stratosphere. The: piarias were 
bãsed at Stavanger, Norway 59°N.) and 
each flew approxiinately 14 flights. The 
DC'-8 usually targeting.. -t---her .  North pole as 
their .turn around point. The Canadiana. 
partieipa.ted by àendíng experimental 
bailoons iii to the Arctic stratosphere from 
Alert Bay, Canada and findings were 
coordinated with TOMS en board Lhe 
NIMSÜs-7 :sátáilite. 

The major part ef the expedition 
was ché ld for Lhe mpxths dE, Januàry 
and February, but findings iadicnted that 
the expedition :should hlav,é been scheduléd 
to:z.emain úntil Marchor April venthough 
the majonity of Lhe .PSCs had broken up by 
mid-February.  * 

4 	S.t1FVY F1øINGS 

:Ozone 	rneasi,irenjents 	have 	been 
underway snce Lhe 1920s USLng 
groun.d-based ultravi olet spectrometers 
krown as. Do6.con inatrurnenta.. :4.axten2±ve 
network hás úow been éstablished: with one 
epereting at iIailey. Bay Antarctica 16°S) 
1y the British Antárctic Sbirvey team lwbich, 
noted zone chânges aseariy as the late 
1.970.s. 0 

 Signifinant ôzone loss iá the 
Antarctic lower stratosphere duning 
September ad October (Spningtiine) Were 
E irst. reported in 11985 by i.-C -.Farman, et 
a1 This was confirmed ín 19,8.6during 
the NOZF. T expedi ti.on that .noted evidence 
0t hiçh chionine. cheniistry ànd low 
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nitrogen compounds wi.th dzõrte leveis. 
depieted in .the. .12 	20 km region. 

4.1 The.Ántarctic Findings 

Within the chemicãfly perturbed 
region (CPR) of the Antarctic., CIO lëyels 
wee fõund:to be more than 100 times tho'se 
ezpectad frorn niid-latitude rneasurements. 
Concentrations whére found to bé as high as 
1.3 ppbv,. as opposed to the total 0.7 ppbv 
chiorine avaiiable in tha atmosphere iri. 
1965. TheCPR areas of the vcrte wère, 
def.tned at thé abrupt rise in concentration 
0± CIQ. The hjgh leve1 ,of chloririe 
mõnoxide(C1O), hõwever, were not 
consistent throughoutthe year. The leveis 
weré very 1ó4 i. late winter when: thete was 
little sun whích has ied to the theQry that 
there is a correapondence between time 
increase in sunliglmt 1  the growth of 
chiorirme rnox3oxide, ,nd the élecrease j 
0QAe. 

Bromide (Br). may siso play. thes5flta 
role as reactive ch1õin he expos.ed t ó.  
ozone bui it does no appear .to: 	the 
dorninarmt •faátor. 	Although, jt jLn nõw 
beiieved that the éxistence of OClO. could 
be time rasult of a reaction that startd 
witim CIO + BrO. Significantly larger 
anounts :f Br were measured. is 1987-88 tban 
previously observed, lending to the. belief 
that some reactions may be taking placa." 

Reentlr metharme has also been taken 
as.a sericus target in both tbe rtorth and 
south hemnispimere. Findinga. have ahown the 
increase yearly of .ab3ut 0. 016 pprPv. The 
incremental greenhouse effect of methane is 
about 20 times that for 

Wimen time :  expedition firet arrivd ia 
August 1987; a consistent positiva 
corre1aUcx or ratão etween : 10 a 03  as• 
obsezved. By time rnicldieof Septenmber, the 
sarno .concemtratiorm began dropping at ER-2 
altitudes at 70-200 mimar. rnstead, a 
stong. anti-correlation deveioped between 
CIO -  ard 03  õn botim larga and aa11 scaies 
within time chemically perturimed region 
(CP.) f the vortex. 26  

MFS found that sulfate aeronoi, 
leveis within time CPR are lower time. 
leveis outside the .CPR. Thia would suggest 
that time ah 'mana irside originated from a 
different.region ef th4& atmoaphere adees 
not indicaté anyenha.rcement of sulfata due 
to periódic 'u-olcánic. activity. 2 ' 

NASIm a1so found in thei3z ER-2 
airb&ne oservations that time atmosphere 
was not oniy dehydrated, but also 
denitr.fied contalnlng unsually samali1 .

conceratrations of nitrogerm radicais. 28  
N±trogen compõunds convért reactive 
chiorine: back into ita non reactive form 
(eblorine nitrate), ao:  the presence p.f 
nitrie acid cIóds are clear:i.y ef 
importance. What was reçorded were 
extremely 1va].ue of nitrogenwithjn time 
chemicalIy perturbèci region ef the vortex. 

Th--e ZIFS was used to anaiyze the 
anmotint 0± stratospheric nitrate. 
Laboratory testa have demonstrated. timat the  

filtera coilect accurate data ora nitrie 
acid and dONO2  as nitrate.. Theae filtera 
also havë time ability to aàalyze.. the.  
amount of chiorine 1by colleeting Cl front 
.HC1 4n4 dONO2  in. the vapor phase and Ci;  
ia time particulate. phase.. Their findinga 
showed that. in ali cases time amount :Øf 
total iiirate: inside time CPR was., less than 
time amotmt outsidê time CPR. Obsermratjcns 
m a over a. 35-day .perid ahowed á loas of 
.06 ppbv total nitrate.» 

Et ia clear frmn time ER-2 f1ig1ts 
R ira the CP that the regioxm ef dChydrifed 

and denïtrified, .air: nmaintained a sbarp.ly. 
défined latitude gradient throughout moat 
of time expedition. On a purely meteoro-
logicaldefinition, the vortex egewould 
bewell outaide time dehydrified denitri-  
fiedregion. 

Sacifica11-y, NA$A recéived 
hernica1 data orm nitrogen. ira 1986 from 

bõth :ground-based ánd airborne exper-
inenta.. Jbundance of NO2  of 8-12 ppbv was 
observed outside time chemi.cally perturbed 
reg±n wimile 1. te 3 ppbv was. observed 
inside the vortex.. ! 1 NO3  observations 
auggést that NO 2  compo.nnt speeis ae 
incor.porated into polar stratospheric 
cl'oud PSCparticles. Itappeazs that time 
nitràus compoünds .hay.e beèrt taken ipby 
ice crystals., then precipitated out of •  time 
atmosphere. 

Observations support time picture 
that NO, is. low bacause it haS been 
removed from the atmosphere by beng taken 
up in ice crystais which gravitationaliy 
settle to rnuch lower altitudes. This 
picture is supported by observation ef low 
çõlumn abundaruces of RC1.ánd:by occasional 
obsetvations ef high laveis ef nitrate 
fout,d ix the. ice particles, and by the 
visual and lidar observations of high 
cirrus and PSCs. 

The lack of .nitrogen compçunds siso 
disproves varicus theoriea imhat have been 
used te expIam. thé ozone hõle, sucim- as 
time solar theory õr the cosmic ray theory, 
etc., that wouId require hiqh. leveis of 
nitrogen oxide. 

4.2 Time. Arcbic Resulta 

The recent findirtgs ira 1989,  during 
the airbórne .stratospherio expedition to 
.analyze thé .chemieal composition of time 
Arctic polar stratosphere found it te be 
amo highly di st.u,rbed with: time observed 
abundance of ozone depieting cimiorine 
rnonoide radical (ClO) elevated to e 

r factoóf 50 .in time Aretio strato-
sphere. Time observation added 'ip to a 
consistert picture with that of time 
Antatctic data in 19,87, .beliéved €o:be time 
'rest f cheinicaireactions occurring on 
PSCs timat forma is time extreise cold regiõns' 
.pf te Antarotio. regiôn. 

Teora alsc, reported timat leveis of 
CIO' ia time Arc.tic iegívo were as high as 
8 ppt which js. capable  of. destroyin4 àbeut 
1/2 - 14 o,f stratospheric'ozone per day. 32  
it was also discoveredthat time air in the 
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Arctie ,ortèx c.óntained SCa and 'held 
extrewely low leveis of hy4roclQric acid 
and .ch].ori. ze nittate which are reivc.r 
apecies iii the stratosphere and wpuld not 
be jvelved ji ozone destruction. These 
iow leveis wouid irdicate that there is a 
reaction. taking plane iii the Arcti.ç. 1trtex 
that converta inactive chlorine .compounds 
into active coes. The important factor i 
the .aona1 amount ef ozone deplét±on íri the 

xthern hémisphere. couid be directly based 
on the temperatura and stability of the 

Un1ke the Antartic, the .rctic 
showed highe leveis of nitr±c acid which 
couid be converted by. sunlight into 
niitrogen oxides , xide which would reôonvet the 
CiO into án inactive form. 

The key factor miit be that there 
are two types .f PSC formations. Type 1, 
iuost sormuon over .the: Artic, is cernpossd 
rnostly of UNO 3 ' 31120 (n'itri.c ,c:Id ttihydràte.) 
ah .d forma. at about -77°C. Type II conain 
mostly water ice and do no.t form uiti1 tbe 
temperatures are cioser to -95°c. Type II 
PSC.. providé the most active atirfaces co 
which inactiva frn o chir±nè are 
converted to reactant forms 3  and they 
seldom are fórrned over the .rçtjc. region.. 
However, during the 1989 xpedit±íon some 
Type II PSCs were õbserved. Scícnti~ now 
believe that. Type 1 PSC mih.t also 
o cntribi]te, ai'though to .a siower pace ef 
ozone destruction or that the ch1orie r±õh 
air wiIh reactant chIorine might drift into 
sunl.ight at lower latitudes to account for 
the wntertime decrease in ozone. 34  

lo the Aretio area, the Cio leveis 
were ao :high that acientistá be1:iee that 
èven after the vortex breaks .down, the 
molecules could •be sent ó13t to lower 
1ati.tue5 ~rã théxe will atill be limited 
ozone destruction dependin.g. npon how fast 
molecular diffuaion an .bring in NO to 
react with the Ci. 

Ia February, 199 Canadian bailõon 
eperiments over the Arctic measured a fali 
in ozóne of about 25% :o,v.er Scandinavia 
which is attributed. to a °ozoie cratet 
not an øverali rtét loàs 4  Scientiats are 
nôt willing te say if this is part of an 
overail chemi cal or only rrtèoro.og±i 
effect be.canse the loas coincided with a 
cyoione .frrn ±nterrnediate latitudes." 

5. CHEMICAL VS MT11OR0ÏOGICAL TUEOR1ES 

Sever1 theojes have been :put 
fcrth, and arious. causes for the ozone 
hole have been :proponed. There is some 
dirent effect ,o:f loas of ozone to 
rneteor.oiogical influences where a.urilight, 
wind and temperature. appear to be the 
oontroiiing factor. Oa event occurred bver 
the Pâlmer Pëninsi1ã on Septémber 5, 1986 
where over á period of .24 hours total ózone 
derea9ed 1y abóut 10% over Sri área of 
apprcximatel.y 3 miJ.Líon aquare iniles. Suh 
a rapid decrease is difflcuit to expiam 
chem:icaily. 

Lidar measurémerita from the DC-8 

showed iowr  ozone values and extensive 
aerosol 1ayer betwéen 14 and 15 km ia the 

the TOMS minimum of ozone.. 3 ' 

Such events ware Spatially correlated with 
deepening aurface pressure iowa and marked. 
meridonai Elos from: iniddl.é te high 
latitudes at iower .atratospheric Leveis.. 

However, it is also clear that the 
hóla is riot purely càuaed by meteoro-
logicai factora. Nor ia it fornied 
exclusively by au upwe].ling :cf 10w 
atmospheric materiais (in à sustairted. 
large acaiel from the. txopophere te the 
stratosphere—giving a purely dynamiç 
upiift mechaniam :to  the. loas of ozone. 

c' The cnclusion j:5  that chemical and 
meteoro ]ogical data nannot be separated. 
Ari iliustration of this difficulty to 
ciearly eetahlish chemicai or dynaminal 
mechanÏsrns is tho decreasing trends in 
ozona In régions ef tiO. outs ide ôf the 
vortex whose magnitudes are comparab1eto 
.thoe wjhin the ozone hole vortex. 
Moreover, dcwnward ttends ef ozone were 
obaerved at the lower alti tude: regna io 
here CiO concentra:tions were sub-

staritisily lower than at 18 km and are not 
adequate to eplain  the destnictiçn of 
ozone ia. the 14-15 km region. 

Low ia1u€s of CFC-11 (i.e., dii 
aerosol propeilant}, CFC-113, cFC-12 
U.. e., á refrgerant, CF2C12), CH 2CC1 3  and 

r e b we 	oserv.ed .t the uppar .e.vels of 
tha 	R-2 fiight tracks within the 
cheminaliy perturbed reg±on.. .TheNFS. .noted 
that there wereconsis.terrtly bigher leveis 
ef acidic fluoride concentrationa inaide 
of thé CPR veraUs outside. of tha CPR, 
showing that :the  air arrived from a 

c desent from à hiqheraltitudé. The rato 
of flC1/HF inside the CM was a nonaistent 
ratio ai neari  0 +1- 0.3), &fl4iCtiflq 
a losà ci :ac±dic chioricie either by the 
:rémoval of chio:ride from the airnraas or 
the partitianing of :chlóridé iate án 
uteasured species. 3' Where the Cl/$' 
ratos outside the CPR are consistenly ia 
the 0.5 3.0 nge oi a volume/volume 
rati:o. 

A keyquestion is how these va.lues. 
aie utnintained in the chemicaliyperturbed 
region Since 1986, ali data appeara to. 
çorrélàte with thê appearance and, 
forunation ot PSOs between 16 and 24 km 
with present cal.cuiati çns taken from 1 im 
11AM II shpwin the fotnration of type 1 
particies with an aerosol extirrcton :rato 
ranging in values from 2 to 5  and type. XI 
being tse greater than 502 Modaling 
the propcsed availability ,  of free c.hJ.o.rune 
reactanta dpeidi critically on the sxtent 
and character of these aurfaces whích 
prcide active sites for hetdrogenous 
reactions iiberatirig. reactive halogens 
whereby effectively immobiliz±ng and 
dépleting the NO,, reservoir." The, 
existence of. the PSCs was found to 
decrea3e with time after early winter 
which was attributed to the ios of i4NO 
and H20 by sinentati.on, and directly 
correlates te €he injor sequencesof ãzne 
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deplet±on at the polar areas. 

6. CHANGING TaE CHLCRiWE MOLECULE 

Evefl if. we immediately :stop fhe. 
production of aU CFCs, we will still :be 
aufferirkg at .laast for tho néxt 50 years 
from the chemical effects in our 
a.trnçsphere. .According to Prof - A.. y. Wong 
et ai., 'from the University of. California, 
Los Angeles, :there .iny be a Way of rducng 
the destruct.ion vate and removing theae Cl 
atoms. 'from th.el atrnospberic ozone region 
throügh íon kinetics. Given. Gibbs theory 
'ou free erier.gy on Cl,- and NO,- reactiõns 
with ozone which shõwa that reaction ratés 
of negativa ina. are .siower by aeveral 
ordera of magnitude, where the reaction 
rate with atõ,ii Cl. and O is AG m 

-l8kJ/mol the reactioninvolving Cl- would 
be AG - O ard the reaction j 15$ Ihan 
lO" C!fl3/$C. 

By using radio frequencies, çreating 
an inorease iri the electrõn temperatura ánd 
density in. tbe atmosphere, an elect'ron 
could'-be added to the, initial breakdown ;of 
halocárbons só thi. Cl réleased will not be 
atornic chlõrine but C1. The principie 
reaction given the conditjons and .êiements 
ia t•he, polar regi.on wou'ld then' be: cr + H 
-+ HCl -1- e-  . Depending upon the .ambient 
temperatures the rata from atomi'e Ci with 
His 6.5 x 102,  te rate.wouldbeC1 is 9. 3 
x 1O. For every 6% decrease' ia coa-
àeration ef the nost active ci there is 
a 1% increase in ozone which is a 3-10% 
increase ia the opt'ícal opacity. of' th* 
layer. 4 ' 

If this proves te be effective and 
safe, for the environmeat, existing 
facilities could be used that have high 
pow,ered grow2d-bae'ed HF. transmitters te. aid 
the fornat jon 'of L. Cro.und-based and 
spacéborne radar have aiready- given 'as., an 
understanding as to the physical bebavior 
of the ioXosphere. At présent there are 
thre.e high powered ionoapheriç heating 
faciIities in the Weatern wórid. that co'aid 
be consi.dered: 1) Tromso, Norvay; 2) luPAS 
at Fajrbanks,, A].aska; 3) Arecibo, Puerto 
Rico. HIPAS (Righ Power' Auroral Stimu-
lation) bgater can deliver a peak power of 
2MW is 1 na .a,t a repetition rata of 1 'Hz,. 42  
The pürpose ef 'h :p.rogram nt HI'PAS has 
been 'te underetand radio frequency 
interaction with theiorosphére at both' 
high, and low frequencies. 

Already ia the polar region, •there 
is a large aourcé: of free energy 
(approx. 10 1 'watte) existing ia the form.of. 
alectríç . fielde and currenta driven by 
magnétóspher.ic sourcés. Ueïng RF from 
ground-based facilit:ies, tha energy of 
electrons ctfld increane by heating the 
electrons by the oscillating. E-fiel4 which 
could in turn' undergo cóllisions with 
neutrais. 'According to Wong, increa.aing 
electron temperatúres ).eads to an increase. 
is the vertical dciwnwardpointing electric  

fieid which enhanoes the. upward tra.naport 
of negativa íons along. the inag.netic fiaid 
amplifying the, 'original power sourcG. 43  
Tbe next queótion then ia at.what altitude 
shotld thehea€±ng take placa. Sinçe  eariy 
research has siso shown that radio Era-
quencies can reduce ozone produotion, but 
mainly ia the tipper part of tha ozone 
layer (> 10km). It has beca shown., 
.,h9wever, thãt a deereaee in ozoné at the 
upper a'tntospherio regiona leada te an. 
increase of ozone. .t'liroughout the ozone 
ragions at mid- and low'.altitudes. 14  

7. 	'FOPtJRE S(JRVEYS 

The' new systemat'iø look et ..he 
zere -deplet.ing mechanísms and our abi.lty 

to allevíate them dependa on actual exper-
iinetS, ãnaly.Ses and measurementa which 
haze spin-o.ffs for environment'al 'science. 
A network of ground-based .spectrometers ia 
Canada', U.., Scandtnavia (Norway and 
Greeniand.) and the Soviet Uniøn wilJ. 
'c,ont:inué to analyze the chemica].. 
càmponents'of tua atmosphere above them,by 
measuring the modification9 these 
chemicais cause in the natural apectrum of. 
sunligh't. 4  The rnonitoriag and predcting 
õf changes in the earth's polar environ-
inént promj*s. foiIow-oa studies of world 
enviroamental scen:ce and increases our 
sensi'tivity 'to the fragiie biospheric 
balance. 

Even after the Jarnary-February 
1509 epedition of the :Arctic strato-
sphere 1  researchera iaNorway, and 
(veenian'd have continued te release 
baIloons te compile verÏcai datà da' te 
'ozone deplëtion o t f the sratoshere. In 
the U.S., TOMS sateilite data have 
continued to be cólieóted over these 
èpecific aeas. More sophisticated and 
diverse seasors are also baing designed to 
better undérstand aarth'a ozone 
concentrat'jons,. 

NASA hás proposed a system õalled 
Network,for The Detect lon of Stia,t'ospheric 
Change whiçh would epas 'táp 0.5. 
facilities from Goddard .Space Flight 
Center te JPL using 'remota sensora abõard 
NOAA and NimbuS satellités. VASA .has 
aiready developed some preliminary 
equipment Which inclú4e3 using mobil5' 
ground laser aystéina Tabie Mountain, 
California.) wfth orbiting. 'sateilites, 
sounding rockets and bailoon sondes Th.s 
network will. percit eath-based and 
sateilite meaaurenenta of' id-iatjtude 
ozone trends te he coriated.. 

The. new JPL equipment wili maka use 
ef excimer lasera to generate ultrav.olct 
light at two wavelengths whih. are 
absorbed differently by ozone. $ome of 
bis light will be reflécted back tewards 
the ground. by gases ia the atmosphere. A 
large telescpe wit'h vey sensitivo 
ultravioiet detectora will collect and 
measure part of the backscattered li'ght, 

171 



GLOBAL ÇO1SEQUNCES 
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Figure 2: CFbs In rrhe  O.&. ByPercentage 

and the amount of eaone will be calculatad 
by acraparing the tio retutn signais. 

Europe is alsó prepafin :ft 
sophisticated ozone studies through the 
EF.$-1 .(Earth Reniote Serising-l). ystern 
sponsored: by the European Space Agenay 
(ESA). tt i schedulëd for iaunch in 1990 
ixi. a near polar orbit at an ál .titudá, of 780 
km. Tha RS-1 isto be a  end-to-eridsyatem 
wi€h a spãcé árid gibundemnt to povide 

a. global onic and egi9na1 ie/1and 
coveragê . Every 3 hQUs it will de1voi-
standard producta €hat vili be used for 
supperting scienti.fic obectives related to 
opdn ocean ánd coastal zona 
pelar ice regiona, global çlimat.e, ard 
sateilite data. processi.ng  teobniques It ia 
ánticipated. that afte 2 yeár& õf orbit ali 
of the global and regional misaica 
obectaves of ERS-3 will have been met.  

Another unique oystem.-a European 
Polar Platform--will be launched withthe 
help of the British 1%erospace, Space and 
Comrnunïcations Division inFiltoniristo1, 
UK. This will bé a free-flying polar 
platform. that: is also a preSúrize module 
wh.ch will be attached pezmanently to a 
:space-'station and a maii-tended free-f1yer. 
The platform exploits the unique :advatitaqes 
of a non-synchronous polar orbi.t to give a 
daily view of the entire globe:.. These 
facilities wiii be operáted as. comple-
meatary .parts to address the temporal, 
sptial, and spectraL  coverage of the:õzone 
phenoinena. 

The "greerihouse effect" refers to 
an increnientàl increase in infrared 
absorptionwithin the atniosphere because 
à the inarease of vari.bus trace gases. 
Ca:rbond±Oida lias largely been ta.rgeted 
aè our greatest problein. Atmospherical 
concentrations liave increased from 315 
ppmv in 1957 to 350 ppmv in 1988, wtuch is 
•approximateiy 1,500 ppbiryearly. This 

re incase does accoi.rnt for haif ar more of 
the greenhouse effect However, iricreases 
have alo been note.d due to CFCg with 
CFC-1:L increa8.nq yeariy by O 011 ppbv and 
CFC-12 tncreasing 0.018 :ppbv. Phe, 
important factor is that each.molecule of 
CFC £0 10,'00 'timesi. móre efficint in 
abaorbirig infra•red radiation than that of 
co,. 

t ha:- been calcuiated ths.t our 
yeariy emission of QF :ía- -õn -,thg arder of 
ana inilijon 1oris par ,  yeará which 
trarislates inta sri ozóne lesa .10 times 
largar. Sayeh 1-s.ayad froin. Texas A&M 
Univer&ity recorded observat±ons :at 
Antarcti.c's PaLner sttion a: xneasured 
the . phtynthetic rate af rnarine 
hytoplankton at four d±ernt UV 
con4.itioris. Mis study howed tat whri 
compared to. p1opiankton raised under 
ambien light., those exposed to t. 
dnhanced DV reduced their ph.otosynthetic 
rate 35 to 7:5. :proent depanding on the 
source f he planta. This shows thát 
where the DV.. léveis are high (upper ana ar 
two metera ia th ocean) the planta. are 
substantia:liy reducing their 
pr.nductivity 

• The current. NASA invastigatioris are 
.binnin.g to reveal the, inadeqiiacy of the 
Montreal Protocol (UNE?-Sept 1981 stra-
tegy. wh±ch caI1eL for anly a 50% reduotioa 
in CFC produetion (20 reduction by 1994 
and 3.ø%by .1999.) . ew NASA repors on 
ozone have now shown the ozone dep1tion 
occurring at afastar rato thanpreviously 
recogin.zed in sc.entific modais EA 
e-a h.imrtes tha,teven ,j:th. 'thè Montreal 
?ratoco.L, chiorine leveis ia the 
.atmospherecoiàlçlriae tõa high o  2.ppb 
frõm th present +1- 2.7 ppb.. 

.ftez" additional expeditions sare 
sent .t:o the Nort.h P.1e ia 1989, 81 nations 
netat Helsinki ia Mày af 198and adopted 
a, elaration calli g. for a complete 
plias.e-out ofC?C's by tho. yeár: 200,: and 
a banorï the use of .the deatruotive 
,cõmp9unds halon. This activity .  •went 
:be , 1 the .Montreal Frotocol. whiah was 
adopted pri.ncpafly by the 1.3nite.d Stat.es, 
.Mexi'co and 17 o.thr atioils ia U97, 
calling for countries to ctrt ia half tlieir 

ouctiorr and use pf ÇFCs by 1999. 
tlany lesa developed nations such as 

China and india ha .vè yet te :màke eithr 
commitment because of their own. canecas 
abut the cost of discarding :equipinent 
which uses CFCs. To overcome this dilemina, 
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the Helsinki declaration cal].s for 
ovisions to assist developing crountries 

through fund±ng and transfer of 
tnology. 

In :thia reeent' :strategy, countries 
have also àhown súpportfôr setting limita 
o.n other harmful chiorine containing 
chemicais auch as methyl ehlorofor and 
carbon tetraóh1oride Until te. rtew 
declarationa of, Helsinki are: rat.fied, 
perhaps as. early ás April 1990, the 
Montreal Protocoi seta the oniy standards 
beinq enforced in coUntries that sgnedthe 
agreement. Aithough nt is far from 
auffjci.ent nany countries háve a]so• rnadd 
culta, well ahead of time due to publio 
concerns, inainly ín the area of aeroso,1 
cana and f.oan pacagtng. Three •of thé 
largest prqducérs of .CFCs•, tJ.K., •West 
Gernany andw the U.S. ha.re agreed to presa 
fór an 85% reductiõrt in CFC produc-
tion. However, lesa developed nations 
approx. 16% of world prõductin) have 
fewer restriction -and are not currently. 
niak•ing steps to stop .productin. 

Evén if .we s.topped ali pr.õductiori of 
CFCa, the problera could be with us for 'the 
next century.. Chief .arCh sc:ientis.t for 
both .epeditions Robert Watson is now 
convinced that the currertt teriis of the 
Montreal Proto1 are insuffjcient.. Under 
tbe. Montreal Protoco1 chiorina:: wíil 
increase from 3 ppb tu the atmosphere. today 
te 6 ppb by the end óf the céntury. £ach 
year chiorine: ïs added takes 10 addittonal 
years to renwveit. - 

CF-12 is thé iost widóiy used 
ch1oz-fiuorõcabon Thia year çherni-.s-ts. at 
:Di Pçnt, the inventora of CFCS., have 
developed twa new alternativa cõnipoun4s to 
repiace :Ç'Ç113 wich is the coimnon 
cleaning ageat in electronica and other 
industries. One. ô,f the new cosipounda. is. 
ai1ed HCF-3,24, but will atili tako a 
minimum of fouryears before it couid be 
tised wde1y in commercial applications 51 

The initÍal .findinga set -forth by 
the -EPA s.uggests, that each 1%. depletion -of 
ozone leada to a -2-3% increas.e4n akin 
cancer among faír-skinned peop1.e. 52  rhexe 
is ai'eady a ,arge data base indicating 
thát UV-H (280-32Oxim) is stressful .tõ 
biologicai life .even at current 
leveis. ;Suppreasionof the isunune system 
due to U'l-B may siso .be a fato± in t:he 
de.velopmsnt of s,3ciri cancere. 53  

• 	Whát. ia known ia that :the  cnt.inued 
déstznuction. of ozone. cõuLd have global 
ramifi:cations wbich. wo1dstart with the 
disruption af the food chain of marina 
bacteria. Ho.wéver, as we continue to 
anãlyze the data that we have acquired and 
expla-ih.the pictue that we have. develÕped, 
we wili. 6C': . irí á better póaitton to address 
thÉimportant questiona- of iong-tei:m 
effecta on tha huinan race. On the other 
hánd tropoapheric ozone abundance has 
accounted for :aout .90% of, U.S :crop los sds 
from a-ir p011uti'on as well as playing a 
significant role in foreat deç.1iÍe 

9. 	CONCLI3S I.ONS 

Concentrations 	of 	CFCS 	and 
haiocarbóns are risiúg faster than moat. 
greenhouse, gses and sch product 
ni anufactured as Halor 1301 and 1lI (firo-
retardants) both contribute te ga.nhouse 
warning, as wéll as stratospheric ozóne 
datruction.,. 

According te findinga, 1.987 was the 
wost year to date .wit-h 50% of the ozone 
over the Soutbern :continent destroyed 
during the áar.iy apring. Tbe cõnclusion of 
scientjsts who worked on the Arctic 
expediti.on is t1at t'he -northern ozone 
layer is. 'primed for destrctin 
alt'hôugh there is little evidence that it 
would acceleraté at the rato found i.n the 
Antarctic. Fhe prime culprit is chloxnine 
mono.xide and racent findings have also 
shown that PSC can heip. €hern accelerate. 
the o zona dest-rüctien. Reduced ozcn,e is. 
the stratosphere. can also result in less 
heating of the environment and further 
redict.iona in temperatures, which rnày 
ailow for. more extensive formations of P5C 
oVer longer perioda :° time. 

Reduáing the OInissiorts ef CFC will 
reduce the -qreenhnusa effect 7  be'caüse 

r thee is. indication that they could be 
account-ing for as much as 3,5-20% õf the 
global warming. The oz1d :o.aone dilema 
requ ires a uriif-ied approach betwean 
envirorunental scient±ats, energ-y experta, 
and futurista using mul:ti-disciplines of 
science-whicb concera the rêsonrce.s af the 
pianet fórthe next generation of nanki:nd. 
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ECO-CL IMATE MAP FOR GLOBAL MONITORTIVG 
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ABSTRACT  
Thpugh Uppen's climatological map is widely k.nown ali over tte world, a. 

.new Climatclógical .ands ecoáogical mining system thoilid. be  'cleveloPed 'ia 
:order to monitor the global change of vegatation. lha new zone is numa 
'Eco-Urimate Map". General:1bn Of -á .vegetation ap hased n 
Vegeta:non Index and weather ditais presente& ia this.paper. The 7 tYpioal 
patterns of.monthly 'vegetátion activity are anal.yzed from Global. Vegetaiion 
Index. Clitatological and ecologiCal chnraCteristirs 'ate classifled from 
these Pattérns:. Ttis vegetation map ia a base of Eco-Clitate maP. 

KEY WORDS : Eco-Climate map, Global vegetation índex, weather data 

INTRODUÇTION 

Nowadays, the global change -of the 
ol.imate: is one of .  the mest 'important 
Omblems for the human society, ,and this 
change can be detected from the condition 
ot the Sarth'á vegetation. 	Global 
Vegetation Index-  (GVIY indicates Lhe 
weeklY 	obildition 	of 	the 	Earth t.s.  
végetatiOn. Gyl , Which is produced 
NOAA's (United Statea .National Oceanic 
and Atmeapherit -Adminiatration) . AVHER 
sensor (AdVanced •Very . Higb Nesolution 
Radioléter)., ia used as a :UM to siudy 
•he continental and globakscale patterns 
of the. Earth's vegetatieh. The monthly 
change Cher-entejado. Of the Negetetion 
can be classifieá by - dividing áVI int° "7 
tYPiCal végetation. 'patterns. 	A . new 
yegetátiou •map based on theae Vegetation 
patterns tas been mede. 

atudy conaist .,pf- 

a) Monthly maximum valRe of GVI from 
january 1983 td.Deéémber. 1987: 
The .  original GVI data Which indicates the. 
weekly dansity and .vigor pf Lhe green. 
vegeta:Voe is : the resampling data of the 
Normal'ized Veget4tion. rndex (NVI).for the 
Whole Earth (eXcept parta :  above- 75 
degreei latitude nórth and. below 55 
degrees latitude south). The NVI is 
determined by te followiag eguation : 

NVI"".(qh2-Ch1)i(Ch2+Chl)  

where Chl. and' Ch2 are the .data from' 
channel 1: red•band) and 2 Xnear 
'In.frared bane» ef the AVARR. The spectral 
response of thè five. Allet zhannels is 
shown: 

2L DATA 

a DATA and METHODOLOGY 
h) Morithly average values. Of temperature,. 
rainfall and. 'misture from .January 198$ 
to December 1987. provided by the 
Japanese MeteerológiCal AgenCyi, detecte& 
at. 2344 Observatión Mations all-over the. 

The. data which have breai used ia this 
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Table 1 The spectral -Channels of the,AVHRR 

Channel wavelength (micrometer) 

1 0.58 —.0.68 

2 0.725-- 	1.10 

2 ...65 -- 	3...93 

4 10.30.  --- 11.30 

5 11,50 ..-:12.50 

1Z NETHODOLOGY 

In cliMatology, the. classification 
Methods óf the-climate are. AS. fol1ows: 

I) Thermethod based oh the clivaste 
factor 

'2) Theeeiliodbased on - the characteris- 
tio of the.cliwatologcal index 

3). The ,method.based. on the vegetation 
4) The method bated onnatural phenome 

ne.(except for the vegetation) 
In 'this aper, the wethod baSed-on the 

vegeta-tipo is used. Aforemotioned - Uppen 
sAso-used this mithod vben he-made his 
-famonS cliWatological map.. In .general, 
this methód is Separated into : 

(t) A method-based on the elementS.of 
the vegetai-íon 

(2) A method based on the life •orms of 
the eain vegetation 

In Case of the study of gIobel-acale 
:natternS of the vegetatioo, ihe tecond 
ene is widely used and eiktilso in this 

The outlihe of the method which used 
íg this. stütly is (Nig.1) 

1st Step; 
120 stable stations were selected from 

.2344 .obServatim stations. The stabílity 
mas 'complited .in this studr to avoid 
unstable .stations: The stabiiity was 
computed as follows; 

til 14 
SI4VC= ( É (NV.1 	Ibh ) 2,)  

SNVC :The stability of the monthly vegeta 
change 

:Average NVI for 5 years 
.•1983--1987) 

NVI,„,:llaximum 1W1 (year:y,Nonth:m) 

2nd Step: 
7 typical monthly change patterns were 

selected from the patterns of the monthly 
GVI data of those stable stations. TheY 
are tropical forest, evergreen forest. 
deciduous forest, tundra, grassland, 
semi-desert and desert_ 

3rd Step: 
Ninimum distance classífication method 

waS -  applied :for ali pi.xels.ln this 
classification, the MonthlY change 
patteth wat notmalized . by. 41sin¡ the: peak 
month of vegetation index. 

4th -Step: 
This ttep was to avoid Ma ander .  

abnorsal climate conditiona. Oben we 
observe - the Climate value that lias never 
been observed in this 30. years, thé. 
élimate - cari be cailed ahnormal xdimate. 
The data around the observation station 
(wheré abnormel cliente sag.observed) was 
avoided. Thtn the. vegetatión map mit nade 
nsing. the portálized aVerage.data for. 5 

. years. 

Choose stable points of 
monthly vegetation change 

Select 7 typical patterns 
of monthly vegetation change 

ClasSificetion of 
Vegetation foras 

Generating of vegetation map 
	 1 

Figure 1 Ficar chart 
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between 1984 and 1985. 	lhe arcas of 
vegetation form are shown ia Table 2 year 
by year. The area of forest is about 30% 
(including tropical forest), and the arca 
of desert and semi-desert about 30%. 

•- RÉSULTS - 

31 .7 typIcal -pátterna Cf monthly 
vegetaticm chafiga 

7 typical patterns Af lionthly 
vegetation change are shoWn in Figure 2. 
The vertical and horizontal. azes ia 
Figure 2 indicaté the Nyi and the nonths, 

• respectively; 
Tho NVI curve cf tropical forest in 

Figure 2 shows the characteristiés .c;t" 
tropical forest. The- Curve Is :a1Most. 
conStantat aboutNVI 0:3, Só it is'eáty 
to - cIastify Usn tb. be  Ai (tropical raio 
fores t) in Kiippens clipatological pap; 
lhe Nyi curve or`evergreen-in Figure 2 
Shows: tbe charaetéristics of eVergreen 
leaved forest. Thid NVI curve liaS a small 

:differenCe in NVI between suMMer and 
winter 'and only.his one péak f NVI per 
year. The •VI curve of deciduous forest. 
thows the. characteristics: of.dense forest 
in Figure 2, ThislIVI .  curve has a big 
difference •n NVI between suffiMer and' 

. wipter and offly 114 Orle PátÉ of NVI per' 

.year. The NVI curve •f tundra' inVgure 
Shows the characteristics of tundra. The 
NV1 curves of graiáland ia Figure 2 show 
various patterfit:Tliese obsérvation points 
Are grasslana iú KiippedS CliMatelogical 
:04. Th  e NVI - Corve-Af desert in. figure 2. 
shows that there almost no vegetation 
apd the curves sWw-almost constant low 
NVI.. They are-131W1(desert) in Koppen's.. 
.climatólogical Thé last one is- the 
VVI Curve: of'semidéSert. It hás a small 
peak of NVI. 

88 A NEM VEGKTATION'HAP 

figures Sare generated bated on the 7 .  
typical tonthlY , Végetation Charige. 
patterns. 2one No.1 is - tropical -  forest, 
sone No.2 is evergreen forest, sane Np. 3 .  
is deciduouS foreat.', sone NoA is tundra, 
sone. No.5 IS grassland; Sone No.8 is 
neárly desert and -sone NO:7 is. desert. 
Tho border between grassland ánd desert 
runs parallel -with the. latitude. Because 
el the abnormaI climate, there is big .  
difference in Africa and South America 

CONCLUSIONS 

Th. retults of thit study lead to the. 
conausions; 

iii It is easy to distinguish desert, :from 
other kinds of vegetation. 

O It. is Aasy ta distinguish tropical 
Forest from other..kinds otvegetation. 

It is difficult to classify grassland 
into steppe, savanoa. prairie etc. 

W Under 4nere41 cl mate, Lhe petterhe of 
the .monthly vegetation: change alto 
becomes. abnormal. 

Furthér Tesearch should ha paid 
attention -to the ciassification of 
graSsland :into more pategoriet. .Then .  
Eco-Ciimate map will be generated based 
on this vegetation map, ,caimate 
information, sóil- map, geological tap: 
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Table 2 .  taaállicatiOn'a Vegetátien 

Vegetatica in 1903 
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4.09 

836 
9.83 . 

436 
313 
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. 
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. 
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North 
America 
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3.08 
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8.16 
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1, . 
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7.25 

24253 

South 
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MONITORING DEFORESTATION IN THE TROP1CS 
WITH NOAA AVHRR AND LANDSAT DATA 

Thomas. A. Stone, Research . .AsSaciate 
and 

Peter Schlesinger, ReSearCh Assiãtant 
The..Woods , HoleReSearéh Center 

P. O. Box 296 
WOods Hate, MássachUtetts 

'02543 USA 
:ISPRS.Cornrnission - 1, Manaus June:1990.. 

ABSTRACT: 

Numero-as authors'have stig,gested: the fase of chinbined AVFIRRand LANDSAT data for monitoring. tropical' 
-fóreSt étrea and lates afehánge. Ezich sensor hasits own .  advantages; lhe AVÉRR: data has very high temporal 
.resolution with a daily revisit cycle end .  Landsat TM data hos high spatial and spectral resolution.. To twanitor 
ferest_ changeS:over arcas the size cif ontinents we must either sanapie with LANDSAT rir sample with 
LANDSAT and then uSe theAVHRR data toscale-tip..aur estimates. Using .hoth satellite.•syStems combines .  
high temporal re.solution and high. spadal resplution. 

We. have: -exarnined the use of .  comhined LANDSAT .and AVHRR data to define arcas and rates af 
deforestidian, in bati' .West Africa ;and ia. Brazilian Amam:frita. In Amazonia we haVe .eicamined the regioniof 
Marabá in Para, the .state of Mato Grosso and lhe tate of Roncfonia and have faund .significant carrelatiOns 
betvetuthe.. .percentage af forest and non-forest .determiriecrftom lhe LANDSAT data and lhe AV.HRR data: 

KEY WORDS: Tropical Forests, Deforestation, NOAA AVHRR, LANDSAT TM 

1. INTRODUCTION 

Tropical forests are being cleared nom; at rates that 
are about douhle the estimated 1980 rate af 
113,000 itmr-i(Houghtori 1990, Blasco and 
Aehard 1990). %restá are. being cleared fór 
agricalture, thnber products, pasture and for land 
speculation. Detritnental impada include the loss:af 
soa and uncciunted numbersof plant and animal 
sPecies, disruption of local and, potentially, 
regional (Lean and Watrilow 1989) and global 
ciimate patterni .(Shukla et al. 1999). The current 
rates of Change may mean neer complete and 
perhops irreverSible toss (Shulcla et al. 1990) of the 
tropical forests for many regions of the world over 
the next few decades. Already, some countries 
which were formerly rich'ia forests now have no 
primary forest ieft. Given such rapid change over 
large areas it seems clear that both extensive and 
detailed investigations of tropical forests of thé 
globe rnust occur before they are lost. 

Because .the changes, that are occurring are rapid 
and Cover large arcas the only way to 'quantify the 
proeess .  May h.e through the use of saiellite 
The.  areas 'are too large to rely only 	high 
resolutián data such as that fram the Ftelich 

Satellite Probatoire paur TObserVatiotrde Ia. Torre 
(SPOT) or lhe LANDSAT Thematié Mapper 
(TM). Severa! authors. (Woodwell et ai: 1987, 
IVersOn et al. 1989, .Tticker • et .al, 1984) have: 
advriCated taking- advantage .of the high temporal 
fréquency et' the .National Oceanic . .and 
AtinoSpheric Administration's Advanced Ver)+, Higli 
ResolutiOn Radiométer (NOAA .AVHRR) .  data' 
and the high nadai resolution .  rtf TM ..and ar 
SPOT data. We. explore .here orle tnethod of 
coMbining theSe tWo typeS of data. 

We have ia the past used AVHRR. classifications :  
and a simple scaleup procedure lo Rondonia to 
convert 'the areadeared as defined by TM õt MSS ,  
data to cover an entire. :state XWoodwell et aL 
1987). For this we defined the arca cleared as': 
détertnined fittin the LANDSAT data and then 
classitied AVHRR data for a cornparable arca. 
Astuming the foreSt/non-foreSt classification from 
the LANDSAT .data was corteCt, we ,scaled the .  
AVHRR data accordingly. In this first instance, lhe 
scafing facter was Very dose to uhity. 

In a. seCond effart.with the NASA Gócidard SpaCe 
:Fugia Center . we uSed UNESCO vegetatión ,tnaps 
and the AVHRR data ta stratify the - stateof Mato 
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Grosso and to .serve as .a basis for samPling with. 
LANDSAT .data. (Nelson et. al. 1987, Stone et ai. 
inprep.) The number Of fires lopbcels determined 
.frOm the: .AVERR Channel -  Three (3.5 miemos) 
%Vett assumed he corrolated to defdrestation. 
We fOund, however, a weak correlation hetsveen 
the AVHRR fire "counts". :and.the area •deforested 
and he.nce view the results from the. Mato GfOSSO 
work as unsatisfactory in deterraining the total arca 
defdrested and the rate of -deforestation: 

third .effort in the state of Rondonia .uséd a -
superyised maximum llikelihood dassIfidatiort .of 
AVI-IRR data .to estittiate the- araa deforetted 
(Stone et .al: subrnitted). This estimate was yery 
dose to the estimátes of others (Tücker pers.. 
c:orrim) hut later eXaMinatión. of of the 
AVEIRR data :arid a co,registered TM image 
showed a discrepanty ora least. 15%. This led *to 
thefondusián thatAhe use uf AVHRR data alone 
Overestiinated the total. .arca tleared. That -cair 
-eárirriates for the: entire state svere:similar to tose 
of- other authors qnId have heen either a 
:coincidente ór due .tcr•oftcetting over ,  and under-
:classification.of deforestation over the rouch larger 

-área. of :the -enfim 'state (243;000 km 2). 

We report here a oew e'dort .to understand the 
Mations-14s between AVIIRR .and. LANDSAT 
data classifications. for te: are.a of 'forest aná 
dearings id a portión of West Africa, .where o.nly 
patches cif tropical moist forest remam and 
Brazilian Annazonia, where an estimated 90% Of .  
the forest remains uncut (Tacker et ai. 1990). 

2, WEST AFRIC,A 

2.1 Data and Methods 

The data for tis pardon áf the work were 
supplied by UNEP/GRIDIGEMS ás part of a 
project to develop Cominar' techniques for lhe 
understanding of foreSted regionS it the tropics. 
ThiS dataset,.consisted of one AVHRR Loca1 Area 
Coverage (LAC) image df West Africa and a 
LANDSAT TM image of a portion of Ghana ia 
which there were fórest reserves. The LAC data 
was from 13 iartualy 1987 arid the LANDSAT TM 
data was from 20 December 1986 (scene no: 
Y510240946, Path Row 195)055 Quadrara 4). 

The first step was to reg,ister the 'LAC data to a 
map. We choose as our base loop a 1:3,000,900 
scale map of West Africm with a Lambert 
Conformai topic projettion (Defense Mapping 
Agency 1983). After determining more thari 50 
fornmon grourid: control, points in the inap and 
LAC data and creating a transfarmation matrix the 
LAC data .were co-registered with the rnap usino 

and ERDAS-PC :itnage processing Systern. After 
this step èach 1.1 by 1.1 km pixel in the: LAC data 
had a unique geographie coordiria.te. 

The second step Was tõ register the TM data. to 
lhe same map base as the AVFIRR data usino 
nane than 50 control points. This resulted in each 
TM pixd (30 by 30 m) alsd hriving a uniquo 
geograpbit coárdinate, Unfortunately, lhe TM:data 

•had some relatively Severe stripibg and a narrow 
range. of DN valuei for the forested region, 

We then sampled as• rnany as possible: doud-free 
blodcs of AVÉRR and TM data. We chose LAC 
blocks of 20 by 20 pixels (approx, 489 km 2), 
elassified those blocks„ and then compared tose 
classifitations With classifications of elpud-free TM 
data of the same arca (74) by 740 TM pixeli). 

1nitiaIl, 9. blocks of 480 km2  each were ciassified 
using a supervised inaxhinrin likelihood 
dassification aloorithrn. Thè 'total arca' sarnpled was 
thert 4,320 knil ar 25% of te total cominón arca 
of LAC and TM data of 17,500 km 2. 

2.2 Results West Africa 

When we performed a linear regression between 
the percent.of forést determined from TM and the 
percent o! forested determined froni the AVHRR 
data, the correlation or R2. was 0.68 (Figuro 1). 
The superviSed Maxim= likelihood classification 
of LAC data generally underestimated the amotint 
of forest and consequently oVerastirnated the 
amount deforested (Figure 1). Also, as the 
percentage Of.forest declined (as defined from the 
TM data) the apparent error in the LAC data 
classifiCation increaSed and underpredicted the 
amount of foreát and therefora oVerpredicted lhe 
amount of deforettation. The difference betvveen 
the meab TM Maximum likeldvacid classification 
and the meati LAC May:h-num likelihood 
classification of the percentage of fdrest (TM 
pereeat forest less; LAC % torest) was 24%; 

3. AMAZO/■I1A, BRAZIL 

3.1 Maraba Regton, Para, Data and Methods 

The state of Para is the second largest Brazilian 
state ia Arnazonia, covering about 1,248,000 ktri 2. 
Orig,inally, 88% of Para was covered by upland ot 
terra firme  tropical moist forest. By 1975, some 
8,650 luir2  of the forest had been cleared; by 1978 
the arca cleared had increaSed by 160% to 223445 
km2  (Tardio et al. 1980). Br 1980 the arca cleared 
had mcreased another 50% to 33,900 lan 2  (fide 
Fearnside 1984) or abola 3% of the total area, and 
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of the. orça of fdrests .of Para. Tardia • an .d 
DaCurtha • (1990) çstimated that by .1988 about 
88,700 . kiii2. of Para had ,been. tecentlY deforested. 

Par this portion of the. WOrk we fácussed on thç. 
.Maraba regio.n .of Para. -This• region: has been. 
undeigning.colonization andindustrinl development 
for lhe. last two ~mies. lu. addition to .a rapid -
infitor of coloniets; the world' .s fourth largest 
hy.droelectric reeervoir, Tucurui, which covers:about 
2,200 ktn2  and the world.'s largest high.  grade iron 
ore deposit, Catájas, have hoth.been opened.in..th .e. 
region within the.- last decade, 

We aço:atirai .  NOAA9 AVHRR LAC.  data (5 
bands) from ,July 30, 1988..and INPE LANDSAT 
TM data (hands 3,4,5)from July 6,1988 (Scene ID .  
5,23.123C005 Path-Row 22:3/63). Te co-regiSter the 
data sets we used a 1:2,500,000:Scale-maP from the .  
Grandas Projetos Carajas. (CIMI et al. 1986). 
Seventy-fiVe. 'central points Were selected and .a 
tranáformation matrix vias created to rectify the" 
AVHRR data 'to lhe .map. Mány Cominai) points 
(60-75) were fbund .between the inap-tectified 
AVE= and hie . .Coárdinates .of the LANDSAT 
TM tó co4egister lhe LANDSAT .  TM  and 
AVHRR iniagery tó 'the sarrie coordinate system. 
A .Window of , analágotts. xnap cóárdinates and 
diinensions was created. The. TM window (16 ;235 
km2) chosen was. 3151 X 5727 piiels (94.5 km X 
171:8 km) and the LAC wiridow (15,942 km 2) was 
(93.5 . km, .X 170.5 km), The two Windows differ hi 
area.by about :dee, partially, to .different obrei 
size.s. and .co .registration error. 

As .dçscribed earliçr for West Africa, we.sampled 
ali available cloud-free blocks ofAVIIRR data .and. 
TM data. We again elipse LAÇ .blocks ai 29 by.29.  
pixeis (approx. 480 km2), .classified those blocks,. 
and then comp.ared those ,classifications with .  
classification of cloud-ftçe TM data of -;the .sam.e 
arca (740 . by.  140 pistels). Telt blocks .of. 480 1cm2  
were classified using a. ,supervised classification 
algorithm. The total arca sampled was•then 4800 
km:r ar aboui 30% of the total common arca . - of 
LAC 'and TM data of 16,000 km2,. 

12 Resultá,. Maraba Regina, Brazil 

When .we pOrfortued á linear.regression betw .een 
the percent of fore .st  determined from TM - and.  the. 
percent of fórested determined fincar' the .  AVFIRR, 
data the Correlation was-quitestrOng (R 2  = 9.94 
It. . is .apparent from figure. 2 thAt lhe supervised 
.maximum likelihopd - classification.of LAC data that-
we used:always ,underesiiinated the percent forest 
and: overestimated the percent of .  deforestation. 

• Thie.finding was in agreement with our preyious. 

work ia Rándonia ($tone et ai. ia prep.) and in 
'West Africa where it appeared that a supervised 
classification of LAÇ data: underestimated thé 
pereent foreSted and overestimated the percént 
deforested. h is asso apparent ia this regiOn that as 
ihe percent of forest declined (as defiried frofn the 
TM .data) the error ia the LAC data iitéreased and 
underpredioed the amount áf forest and 
ompredicted the ,amount of deforestation. 

4. DISCUSSION AND SUMMARY 

'With both of these data seis, West Afriea and.. 
Amazonia, a supervised maximtint likelihoed. 
..classification of tbe AVHRR data. consistently 
resulted iit underestimating thé percent forCet ..and 
therefore overestimating the amount Df 
deforestation. For 'West. Afriea• the 'average error 
wás aboin 24% While. for Amaionia. lhe aVerage 
'errai waS abátit 13%. The linear regression 
betweeri lhe West Afriean- TM ,and LAC Moa 
forest.classifications hád mi R2  df about 0.68 while 
'the linear regreesiOn betWeen the AmazOnian TM 
.and. LAC classification had Mi R:2  of &Mout .993.. 
The two regressiorie differ. heçauSe .of the 
.weakening of the relationship hetween t.he LAC 
and . TM. estimates.:of the peroentpf forest as the 
aniaant .of forest declines- below aho.ut 
Anothet way of saying tbis .  the less .forest. 
.there is,. thç lowet Would be one.'s .  confidence ia 
the use Qf AVEIRR data -to define :  the amount of 

. forest.. 

We ;Uso .  .combined the, results of the hlock 
.chissifications of lhe West African and .Arnazonia 
.rgearch to Ipok for a generalized relationship. 
betweert AVHRR and.  TM cjassifieations. 
Corribining .the West Af*an 'and Antazonian data 
.setebas the advant age of allowingus to examine a 
.fuller range .of types and amounts of forest 
clearing. In the Maraba region of Brazil, alt biodts 
.examined were. greater 'that] 50% forested 
according to the TM .data cláSsification. In the 

.West African data -sete alaciut hrilf the: bloeks were 
chore than 50% forested and hW Were..lese.than 
.50% foreste.d acCárding to. the TM .data 
'classifiéation. Thesexesults should b conSideted 
preliminary, hoWeVer; because of the yast 
differences In lhe : land use hetween. the- two 
regions: 

The method cleseribçd ahove is appropriate for 
large regions and: for the purposes of monitoriog 
the area and rate of forest clearing. lt is not a 
substitute for the detailed inyestigations required 
for aational ar local planning .or for unclerstanding 
forest cornposition and land use styles. Also, frotn 
the resulte shown here, the rnethod becomes 
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-we.aker as lhe annount of forest declines. 

The majority-of lhe sourees ff error in this Method 
are due to .the, large ORO Ske and the ampunt of 
geometric distortion inherent m AVIIRR LAC .  
data.' T.he largo .pixel size of Lhe AVI-IRB. males it 
diffictilt to register .aod irnmediately introduces a 
ininimum error of atleast.haif a pixei ar about 500 
na.. The large pixel „size Also nnakes Lhe .choiçe of 
training sites - difficult.and makes Lhe acquisition .of 
grourtd .  reference data more. important than 
rnight if une were using only. high resolution data. 
The .geometric distortion in raw AVI-IRR data is. 
idifficult -to. correct. The. 95% .  confidence interval 
for the conibined .data sets indicates that use of 
the .regression-sbouid.be ac.curate within a rartgeof 
+/- 11% to +1. 5%. Despite th.ese problems, 
ItOwever„ it is important 'to rémember that for . 17 
tropical • countries the.  estimules • from diffeterif 
sources sof :the amourit of deforestation that had. 
oceurred ..hy 1980 differed hy 25 to 100%. 
(Molofsky et ai. 1986). 

5. CONCLUSIONS 

Combining the: data áets (Figure 3): leads us to 
.several. preliminary cOnClusiotts. AS mentiotied 
before it app.ears - that the quality of the LAC 
maximum likelihood classificatiáns for forest arcas 
'declines as tbe p.erceitt of forest declines, .Also, 
.that iri grço õt Jen than aba ai 50% foreSt .eoyer 
that tAC'. estimates of fprest .are expected to lie 
eyen. less reliabie. Finallv, it. appears that when -
there is less than about 3.5% forest that using the' 
LAC data alone may not..classify any.forest ai all. 

these. -regions„ the...use of.high. resolutipn data 
arai grou nd reference data is, even more unportant. 

One. eásentiai route to tmproving our 
understanding pf the size: and Change ar Loss c)f -
criticai ecosystems such . .as tropicallnoist..forests is :  
through the use of remotely sensed data. 'We .enuld 
have bati the inforrriation -we now requireavailable 
to. us -ou á yetirly basis for 'lhe last decade. A 
global' fórest -  inventory. that 'pays particular 
atterition to tropical forestS. etiuld. be . Coniplèted 
within twn to three, years -. using ciurrent data and 
-technology. The.  expe.cted errór for such an 
-inventory would be.abont of 20% to 'abou* 5% but 
wouldbe-a.substantiai hoprovernent to our currcnt. 
uRderstanding of the s arça ..and rates -  of loss of 
tropical mpist forests 
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Figure 1. Ghana, West Africa. Relátionship between the percent fOrest determined from maximum likelihood 
classifications of 20 by 20 LAC pixels arcas: (480 krn 2) and maximum lilcelihood classification of the same region 
with coincidem and :co-registered TM data. Each of the 9 points equals 480 1cm2  classified with both LAC and 
TM data. The linear regression une and 95% confidence interval are plotted. R 2  = 0.68. It appears that areas 
with less than 50% forest are poorly 'Classified when using AVHRR, data and arcas with le.ss than 25% forest 
may appear frorn AVHR12..data to have no forest all within the'''. 
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Figure 2. Marabá Regitm, Pára ;  BraZil, Atnazon Basin. Each of thé 10 points equals 480 km 2  classified With hoth 
LAC and TM data. Ft2  = 0.93. The linear regression une and 95% confidence interVal are plotted. 
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Figure 3. COmbined West AfriCan .  and Amazon Basin Data. Each of the 19 points equalá 480 km 2  elassified with 
both LAC and TM data. R2  = 0.87. The linear regression Ene and 95% confidenee intetval are plotted. 
ahnést ali cases using a supervised Maxirnuin likelihood classification of the first three AVHRR channels results 
ia an oVerestimation of deforestation when compared to the LANDSAT TM data. 
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UTILIZATION 07 THE BHurVLE IMAGING RADAR (SIR-C) POR MONITORING 
CHANCE IN THE AMAZON 

John C. Curlander, JPL, USA 

ABSTRACT: 

This papar describes the upcoming Spaceborne Radar Laboratory 
(SRL-1) experinent to be floWn aboard the NASA SpaCe Shuttle in 
1992. Thie experinent features a muiti-freguency, mUlti-
polárization synthetic aperture radar, SIR-C, that is capable of 
performing a variety of geophysicai aeasurements over a largo 
region tf the AmaZob independènt of cloud cover and time of day. 

The SIR-C instrument, the first fully polarimetric radar to be 
flown in space, will measure target characteristics over radar 
freguency, polarization, incident Wave geometry and season (3 
missions), This extended target signature can be used to derive 
•uantitatiye characteristics aboUt the forest canopy (relative 
biomaás) and the underlying sou (water content), 

This papar will review the characteristics of the SIR-,C 
lnètrument, describe the p1anned data produCtS (with eXaMples fron 

SIR-B and RASA pc-8 aircraft) and present an overview of 
the types of geophysical analysie algorithins that Can be applied 
to the polarimetric SAR data, 

(0- íginet not received in time -for publicatfon) 
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MOMS-02: POTENT1AL OF A NW REIRSOR POR 
1HQTQGRAETRY A14D REMOTE SERSING. 

Han-Peter Bãhr and Hermann Kaufmann 

University of Kàr1srüe•, Institut of Photograminetry and 
Remate Sena ing 

750;0 Xarlsruhe., Englerstr. 7, FR 

Abs traot: 

Phe German NOMS-02 sensor te be flowri on NASA's. apaçe •shuttie. 
Mi±on D2 iri 1992 presents a chailerige for ápplications in 
photogrammetry and reiiote sens.ing.. Phe fiexibility ef radiometria 
and qeometrlc resolution, coinbned with a sophisticated stareo 
systain offers new inethodologies for data processing. 

Starting but from this point, tha papar discusses basie 
possbi1ities and limitations ef advanceci automation for digital 
irriage. processing -. 

KEY WORlS:: MOMS-02, Acquisition-ódes, .Knowledga-based Systems. 

1. DEFINIT.10X OP TE .PROBLEM 

.When LANDSAT was launched in. 1972, the 
flultipectral Scanner (MSS) was the 
only operative sateflite-borne earth 
.observation system apart from some 
very low resolution weather sateilite 
systems. The •four MSS chairneis were 
highly correlated, and therefore data 
•seIection did not present a mayor prob-
Iam te tho user. This has changed very 
inuch during the past lo yoars, since 
LANJJSAT-TM and SFOT-1-IRV are, available 
on. a global .scope, providing extended 
inuitispectral and stereoscopic data at 
a higher resolution •than MSS and in 
multitemporaJ. mede. 

Since various r.emote sensing systems 
being more and more available, there is 
still a growing trend in putting natio-
nal systems into orbit, like the Gérman 
MONS-02 censor. Though NOMS-02 is an 
experimental. system operating in shut-
tia orbit, the general question is rai-
séd, .how thé user may determine the ap-
propriate data mede for 'his spocific 
'appiication. This question goes f ar 
beyond MOMS, because choice of the sen-
sor and seleotion of spectral 'bands, 
geometric resoJution, definition óf the 

appropriate season and possibie repeti-
tion cycles are basic .matters for most 
applications. T,he. more variabie the 
possible data modas are, tha more cõm-
plicated their correct :seiection turns: 
eut to be. 

The thesis 'treated in this 'paper is: 
Phe correct data moda selection has te 
be dona computer-assisted by a know-
ledge-based systexa. 

Analyzing this prableni, the complexity 
is evident. •Therefore, we wili restrict 
to HOMS-02 and not include different 
sensors into the discussion. Even re-
garding only MOMS-02, the task secas to 
be very deinanding, as five bands 
(including a panõhtomatic channei) and 
three simultaneous strips are produced. 
The different viewing geoinetry of tine 
three str±ps aliows stereoprocessing, 
but beyond that offers addjtionai: ra-
diometriõ inforniation of the observed 
terrestrial surfaces. 

At the. lonq run, knawledge-based sys-
ténis for data selection are a coritrbu-
tion to automatization. Autoniatization 
covera the entire area .of computar-
controlled processing. In remete sen- 
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sing it is not restricted to iiage pró-
cessing as sucb - ths usar in future 
has to be assisted by intelUgen.t sys-
tema 'offering alternaties. during the 
wboié procedure. The questiori of well-
directe.d data. selection is only the 
f'irst .step, representiri :the lJ.nk bet-
ween data acquisition and data proces- 

2. MOKS-02 SYSTEX- AND FLIGHTPARAKETERS 

MOMS, á'cronym for Modular Optoelectro-
nic Muitispeçtral/Stereo Scanner, is an 
Earth sending CCD-instrunient using tie 
I!pushbrooxfl!Y scan principie (Meipner, 
1988).. it is a second generation systam 
being develaped b.y Nessersdhntitt-Bdl-
kow-Slohrn GlltbH (MBB) under contraat to 
the German Aerospace and Researcb sta-
bljshmept (DLR) funded by the German 
Ninistr af iesearch and Techfloiogy 
(BMFT). MONS-02 will },e floun in the 
framework of D2 nission scheduled for 
1992 baard NASA's •space shuttle in' an 
2'8,5 inclination erbit. The- instru,nent 
U deslgned .Wi..th,  ao along-track, siinul-
taneously acquired fórward, nadir and 
back'ward looking atereo capabiiity and 
four apectral bande in the visible and 
near infrared range (Ackernànn et. ai., 
1989'). 

The atereo capabil.ity is prcvide'd by 
one nadir anã two tilted modúlas '21,95,° 
fora and' aft of nadir. The ground in-
stantaneoüs field of view. (I.FOV) at a 
nominal. shuttle õrbit at 160 nautical 
auiles wil]. be. 4.49m by4'. 49m e for th 
nadir module (band 5) and. 13.472 .by 
13.47m for both forward (band 6) and 
aft (band 7) of nadir looking modules. 
Ali three atereo devióe's hav-e an equi-
Valent pai,chromatic bandpass trem 52Onm 
tÓ 76Onm (Fig 1) that '!s. optimized for 
reflectanca properties' of 'v-egetatjon, 
rocks and seus, and aliows recording 
of a certain penetration depth In water 
bodies (Xaufmann et. ai., 1989). 

The C1FOV oÍ t1e four spectral banda, 
placed in ttis visible and near infrared 
will. be  I3.,47n by 13.47m. .Optiiui,z'ation 
«of ali 'fotrr banda '('Fiq, 1) is weli ba-
laced on the basia of 'reflectance dia-
racteristïcs of Vegetational and. Fe-
bearing targeta (.Kaufanri et. ai., 
1989). 

Band 1 (530nm-575nm) is placed within 
tio blue ab,orptieri of vegetation that 
is inainly caused by chlorophyll and ca-
rotenõid concentration. It is most va-
luabla for hydrolo9ic appijcations., the 
4etection ofchanges in: pigment ratio's, 
ta distinguish paved surfaóes from 
their surround'ings and to differentiate 

amang Fe-bearing minerais, rocks and 
soils. Band 2 (530nm-575nnt) is centere'd 
at the reduced levei of vegetational 
pigment absorption. tie "green peak". 
,It can be used to detect progressive 
statës of senescence ar stress and tu 
differentiate arnong rocks and sõlis 
càntaining ferrjc and ferrous iron. 
Band .3 (65Onm-685n5) is iocated at the 
principal ábsorption peak for chlor.o-
phyil-a molecules associated with the 
photosynthetic 1.ight trap. Is combina-
tion with ba'nd 4 it is moat usaful for 
biomass estimatíaTis. Band 4 (710am-  
alo na) is .placed into the high reflec-
tande plateau of vegetation, and. data 
derived traiu it can be related to bió-
maas, atate and type of ceilular arran-
geinent, denaity, geoinetry and water 
.content cf a vegetation canopy. Addí-
'tionaily' it shouid provida' soinewhat 
more detailed information about iron-
beared roôks and. apila tat can be de-
rived from existing operational serisõrs 
in tbese wávelength range. (.,Fig. 2). 

The possibility ef cmbined mui-
tispectral and .stereoccpic 'data acqi4-
sition providas new ways for data eva-
luation. This is true especially for 
those acopes, where tbe spatíal infor-
mation rendera major contributions to 
tie solution of a.problern. 

NADAR MODULE TiLtFD MODULES SPCTRM SAID$ 
# 54.51 #47 ss 12.34 
iAH t SWADI (km) 4 SW*TH (kn) 

MODE  

1 54+5B' 4k 7 -  
374 314 

5 - - 
'761 

til - 6.? 
764 

IV - 6 

*1 763 

V 7 

713 783 

VI SÃ -. L4 

239 43Á 

VU SÃ 
26,9 i 	46A 

Table 1,: 
Operating bands and associated swaths 
øf seven selectable modas for MOMS-02• 
ou D2-1nission. Pie channel markéd, as 
.outlined in .each actual moda wil1 be 
transinitted as video-sIgnal duringope-
ration. 
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Fig.. 1: 
Nominal bandpasses of spectral and panchrõmatic bands o.f ,  MOMS-02.. 
(a) meanradiance spectra ôf vegetational targets, (b) tenradiaie 
spectra of Fe-bearing targets after the. spectral properties .pf a 
miá-latitude, iid-stnniiier .atncsphere (LOWT - RAN6.) rias bn ee ap 	Lp1ie 
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Fig. 2 
Comparative iii tration f 	]] •baMpasseE f MOMS-02, 	- 
High Resolution Visible Instruinent (HRV), IANDSAT * Theiiiatic Map-
per (Til) first four bands, NOS - NuIt.ispeótral E].ectronic Self-
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overlain by spectra o Figure 1 
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Data will be stored on HDDT tape during 
the mission. Duo to limítations lii data 
transfer, I4OMS-02 cannot operate ali 
chanrels simultaneousiy, but will be 
recording in Q ne •õf sev.en different ao-
quisition modos (Tab. 1). 

The swath-width of the system wi.11 be 
up to 37.6 lan for the panchromatic na~
:dír module anã up to 78.1 lan for ali 
remaining channels (Tab. 1). 

3. DE&IGN OF A KNOWLEDGE-BASED STSTEH 
POR XOMS-02 DATA SELECTION 

Knowledge consisto ot facts, rules and 
heur.istics. A human operator in general 
does not exactly separate the .different 
leveis of knowiedge but integrates ali 
when generating a decision. For 
coiaputer-assisted decisions however, 
ali coniponents have to be thouroghly 
placed within ao expert system. 

Such a system was designed at the lo-
stitute of Photogranrnietry and Remoto 
Sensing (1PF) for the purpose of archi-
tectural photograinmetry iii order to de-
termine cameras and geõmetrical confi-
gurations (BEM, et ai., 1988). This 
task is very similar te MONS data se-
1ection Both appiications deal with 
data acquisition, and the geoinetric 
configuration of the imagery is very 
important for the next otepo. Moreover, 

the speciíic application may vary, 
standardized procedures do not seem ap-
propriate, and for subsequent data pro-
çessing many alternativos are avai-
lable. On the other hand, for both sa-
tellite-born MONS-02 and for terre-
strial photogrammetry many restrictions 
exist a priori: 

- imagery s.irnpiy not beíng existent 
(MONS) õr 

- required configurations not. JDeing 
possible (photcgrammetry). 

The componente of an expert system are 
shown iii Fig. 3. 

Regard.ing Fig. 3, we will explain the 
most important cômponents: 
The core of ao expert system consisto 
of. an  inference computer, which draws 
coriclusiõns from knowiedgé of different 
structure. The mõst fièxible procedure 
for data processing is the Irh1acoard 
principie 11 1  a rion-hierarcial, paralie]. 
working prograin system. Althouqh basi-
cally any prograxnming language may be 
used for taking the decisions, rule-ba-
sed languages 1ikePROLOG •(CLOCXSIN and 
NELLISH, 1981) of for many advantagés. 
Instead af defining procedures by coo-
ventinal algorithmic languages - which 
work segueritially -, rule-based langua-
ges take facts and rales for drawing 
logical conclusions. 

Kn owl e d q.e 
	

K n 0w 1 e cl g e 

	

(processeci) 
	

(externu!) 

KnowIede 	 I rife rericeKnowledge Base 

	

interrogative ) 	Computer 	( fcicfs and rules) 

1 	1  
Diu(og 	1 	1 Expicinafion 	

Knowledge 

1 acquisitiun 

User 

Fig. 3 Components of a general expert 
system (after SESTER, 1987) 
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We wi].1 take an example for PROLOG - 	of *rules* shows the advantage of a de- 
like programining of the infererice com- 	clarative language for taking logicai 
puter regarding the }I0MS moda struc- 	decisions. Oniy 3 very short lines are 
ture. 	 zecessary to formulate the conpiex pro- 

cedures. Tak±ng a procedural language, 
for instance FORTRAN the program would 

/*Facts*/ 	 look vary confusing. 

F (c6 mi). 
F (c6, m3). 
F (c6, m4). 

A (.c7, mi). 
A (c7, i!13). 
A (07, m5). 

N (c1/2/3/4, m2). 
(c3/4, m3). 

N (cl/3/4, in4). 
N (cl/3/4, m5). 
N (c2/3J4, 1u6).. 
N (c]./3/4, n7). 

/*Ruies*/ 

Stereo 1(X,Y):- 7* x and Y aliow 
first order stereoplotting*/ 

F(:X,J), 	/* if X is •forward 
view of J*/ 

A(Y,K). 	7* and ? is aft 
view of K*/ 

Sterso 2(X,Y):- 7* X and Y al].ow 
2nd order stereoplotting*/ 

E(X,J),. 	/* if X is forward 
view of 3*, 

N(Y,X). 	/* and ' is nadir 
view of K*/ 

Stereo 2(X,Y):- /*X and? aliow 
2nd order stereoplotti.ng*/ 

A(X,3), 	7* if Xis aft 
view of 3*, 

N(Y,X).. 	/* and Y is nadir 
view of K*/ 

(including J = K). 

First, *facts* have to be defined. The 
iist shows 3 different types: 

F ("forward mede") 
A (" aft xnod&') 
N ("nadir moda"). 

The parameter iist inciudes the avai-
labie chamneis (c 1/2/3/4; c6; c7) as 
well as the modes mi .. n7. 

Phe *rules* sbow 2 options for stereo 
viewing: "Stereo 1" means a coxnbinatien 
of F and A ("lst arder"), and. "Stereá 
2" a  F andN ar A and N, respectiveiy 
( 112nd order"). The PROLOG formu3.ation 

For "Sterso 2" two "ôr" alternatives 
are va].id siinuitaneonsly. 
The exampie treats ali stereo cases 
which uiay occur for NOMS-02. If 3 = 1< 
we have the "trivial" case 1. e. stereo 
effect is possible within orie nade at 
one arbit. 

The given example presents an inference 
procedure by a PRÕLOG progran. The 
knowledge, however, has to be definsd 
outside of thë inferenco computar. 

Fig. 3 shows the iink between the inf e-
rence computar and the otber coapo-
nents. There exiet niany alternatives 
for introduc:ing knowiedge. For MOMS-.02, 
"external knowledge" secos te te most 
important, as it consists of a list 
from available data. Phis includes in-
fornation about availabie data for dif-
ferent locations and .dlfferent modas. 

Besides this, the user introduces "in-
terrogative knowledge", working on a 
specific •projekt. Ons may fôr instance 
form "inter.rogative knowledge" for sur-
faces suffering from desertification: 
By a dialog procedure. the áperatur will 
transinit human know how about appro-
priate channels and seasons into tbe 
system. 

4. CONCLTJDXNG REMARES 

Since MOMS-02 is an experimental system 
on a shuttle platform, users may expe.ct 
anly relatively few data. Consequently, 
an expert nyBtem iri -order te assist 
channel and mode selection, seens ra-
ther exaggerated, as not many alter-
natives will ex±st in practice. But 
even for MOMS-02 the determination of 
appropriate image data for stéreoview-
ing turns out te be rather complicated, 
when severai orbits and different medes 
are feasibie. The task ef the inference 
computer so,ived by •a PROLOG program 
showed clearly, the .cornplex conditLons. 

Rowever,. the contplexity still grows 
considerab].y when various sensor sy-
stems are included, and this is more 
and more the case in practice. Opera-
tional earth observation systems are 
LNDSA'r-TM, S.POT and the phptographic 
<FA-1000. lo the yeara te come we wili 
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eertainly liave an increasing number 'of 
those observati6n systens.. 

In a. 'tirst step a general catalague of 
ali systems should be generated in or-
der tã faói11tte  appropriate data se-
l'ection. In. a second step data e1ec-
tión shou'id 1e :done problem-õriented. 
This nieans' taking a knowledqe. based. sy- 
sten'i, in .order to assist human decisi-
ons. Phis Inay partly lead to a fuily 
autotna'ted process for data selection. 

There are', hawever, inany restrictions: 
-The inost severe consists in not exi-
sting humnknowled:ge abõut the poten-
tia],' 'of sensor-parametera, li'ke geonie-
tic resõlution, .Spectrai bands and 
configuration of imagery. 'TImaqe under-
'standing."' Éequires knowiedge about the 
natural procees to be observed. Theré 
is generaily a blq lackof 'detai.led ao-
deis for describing. natural processes 
appropriately. 
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CAPABILITIES OF A NEW RADAR. SYSTEJ4 BASED ON .ADJrM10ED  BENSÕR 
TECNNOLOGTES 

J. P. Aguttes, CNES, Frane 

ÀBSTRACT.: 

The wellknown ali weather capabflíty gives. a clecisive advãntage to• 
RADAR for ali the appiica.tions having temporal requ.irernents. 
(surveiliance.., riewable résources.. ). The. oher points, af 
interest are in the specific RADAR radÏometric sensitivity for the 
môrphoiogy and the water content (geology, hydrology, vegetation) 
and in tbe inberent high geouietric performance ln termsef 
resciution aná positioning (cartography, surveiliance...). These 
properties complernent the ones of õptical iTnagery ratiler than 
cornpte with them. As one of the main actora of space remete 
senaing., CNES considers the RADAR as a way to consolidate 
applications already served, by optica as well' as te develop 
speciflc new applications. 

There.àre also imaging properties introduced by the emerginçj RADAR 
technologies. Active antenna concepta. allow highimage product 
versatility and high: systain efficiency, a sane system can serve 
most .of the RADAR applications. 

Economical value for .the applications, advanced tachnology for the 
sensor, efficiency for thewhõie system, these are the key points. 
of the CNES appràach for the implemerktation of a new program in 
the. 2000's. 

The paper exposQs the different aspects of the ongbing pre].ixninary 
phase application thematic .investigation, teabnology and oonoept 
validation, system and inission trade-offs. 

Or1gnat not recejved intime for 	lctforj) 
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AN X-SAR. EXPERIN NT FROM THE SHU11!LE: 
GRO1HD TECHNOLOGY AND, APPLITIONS (' ) 

GÁ Baconi, F. Lamberti, 
Selenia SpazioS.pJ.. 

Roma, Ital±a 
P. CorBi. 

Teais, Italy, 
ISPRS dcÂMssiçn. I•  

Ât the beginning of 1992, .an experimental e4can/Ruropean mission for Sú data acquiilion wiLi 
tdke place TLs nussion will be charncterized by severa]. OGW aspects, thnt ia muitffrequenty ana 
mui tipolariatfon, acquis:itlon, together with the, capabil.ity õt mu1t.iprarneters i:magizg radirs 
.(..t.e. wi(:i .y.ary.ing lodk angien, receiv.er qains, pulse repetiion freqencies). 

TI mtssion wifl consist oi two radars, to be flown on a Shuitie, oeratlng Lhe first :n  c and 
L-band (SIR-C) anã the merond ifl X-bnd (X-SAR). 
rhis paper preents thr' apdbtlltie of the X-SAR Ground Station (G 5 ) ieJntd to tbeso nw 
aspects for the radar sottin. nrd íistrument cntro1.11ng dring the nlasibn. 

1Pi C-SAR G.S. Ccintrol Secticn ali1 bá able .to determíne the moat suitable radár coands aicord-
.ing to ki'ia aclentiata' requirement;s Thi.. wili allow to obtain BAR imáges hving' the spatiai nd 
tadiometrc propertios as requosted by the scientíst.. Further on the bania af Uio incowunq 
lelemetry. data, it wili be possib].e Lo tnodify iscim radparameters.. 

Another important aspect of the •'É-44R G. S.. wili coraern the Processing Sactión facilibies. Thesc 
w13  1Low w real-Lime SM prbos1ng anã lhe storing of the resulting 1.mages. 

The catalagun at $AR: :i0&ggs wiLl be distr1buted to the scientists ori VRá. casaettes, ia arder (,o 
ve.rify ttie capability ar the auLtifreqtençy/n,ullipa.La.riZation sytm S1R-C/X-3AR and the pouaible 
fe.1ds af app1.1ction. 

FJYW(RDS: X-SAR, Ground Stit11en, Miasion Planning, Processing, Primary site. 

1 INT1WDUCT±1)M. 

tbe J.oint Iíis416aSiR-CfX-5AR, foreecn for the 
suminer ai 1993, will provida a powerfui tool for 
scLentjflc atudias of tLe eatth ad it wiLl 
reprene.nt a èigniftcan step 1-n Lbe evolutiàrt õf 
advanced ap me irndging radara. 

Ir wil]. prcivick': 

.the f.irst 	oppprtunley of ..s.inntltaneoua 
isulifmequency ia4ar. imagery frórn spacs:.: 

the firat space.borne imàging radar wirut 
simuitaneous wulcipolarizaUon capabiiity; 

chefirat 1i11i1..parameterz .acquíaLtion, to 
supply ovoag in different tLntes accord-
.ing to ieveral ílltanination geomecries. 

The f.trst expetitnent oE a. Shtttlà -basd imaging 
radar was held ia 1981, with the SIR-A. an  
L-band,. HH polnxizod radar. This ana iied 
paranetera radar. Tha aollected iaages, showed 
tba importance õf devaloping sya tens a1lawin 
:iu1tip1e acquisltions ia arder to c].assify 
torram features. 

Tha secorid.. experirnena, the SIP-S, ia 1984. w.is  
an improved v iéri stan of SUtA praviding a sulti-
look-angle radar systest, Tbis aliowed data 
.acquisition rt variDue angIrs frpiit 15 ,a 65 
degress on'suacess.ivs days. Theimagas wete lLssd 
for stereo napp.lng and far th praduction af 
curves .of backscatter as a furction af irícide1ie 
anglo 1Ør dffetent teXran types - 

After several yè,rs bf de]ay, dLle te Lhe tragedy 
of che' Shuttle. Ciiai1.enger ia 1926,. 'tute jotuL 
mias ion S1R-C/XSAR n'ow representa the De.xe s(,ep 
towards €he devopnienc of inato sophi:icaLo'd. 
technoiogies to satinfy Lhe í.ricreatAng acíenti-
fic tequirements. TI -se twa paylonds viii be 
mrnanded. and inon 1 tored by Lwo sepatare ground 

teain5. 

11'te aia of Lhis papar is to doscribe the X-SM 
Ground Station with respect to the 'facilili.es 
provicled'to accurteIy. pian and, contra] cha 
whole nission: 50, sEtor a sho.rt donriptin if 
fliss'ion. èharad Caris tids, emphasio wili bo gi'vert 
to, the. Ground Station. funcrional 4ascriptioi ánd, 
to ali. the. £acilities' to he used to 
and harmonize ibe scíentIfte mequiremente . Lti ib. 
inission 9perations. 

(*) The work described in this papar is part af á .prdject devéÏoped under a contract Eram Itailan 
Space Agericy (ASI) to Se],enxa spazao, walhin an intermationai co-operation between M1 aná 
the Deutsche Forschungsanstait. rur'Luft únd Rawnfaht't (DIA)., for Una realization õf. the X-SR 
Space Segment and Ground Seqment. 
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. MiSiON CHARACTERJ'STiCS. 

Atiorid above., the $IR-C/X-SAR iwlssion will 
allow data .acquisition with inuitiple 

'frequencie.s poLarizatLotis and parametzers. In 
fact, the. SIRC wili operate both i  L and 
C-band with HH, VV, HV or VH p1arizations, 
hiIe tbe X:ARw1l1  operátê in X-band with 7V 
po1arizaUon. 

In both cases. it will be 'possibie to vary t±e 
innidenee angles by electronícaliy steering of 
.the antenas beam for Che SX-C and .mechani.cal 
tilting for tbe. X-SAP. Theref.ore; it wili be 
pcssib1e to maga siiiiuitaneously .selected aitea 
ar 23.crn rt ind 3-tui velengths. 

The STR C/X SAR p.avloacts wi1.1 be iaunehed abord 
the Space Shutt1e Luto a ilomi.naIly tíreiilãr 
arbit with au •ï:nciinat.ion. of 57 degrees at an 
avérage altitude of .22.5 km. This orbit .conf i-
guration. will 5110W about 1-day rapeat cycle 
WÍth a sisali wastward. drifr. In .this ways. givén 
afta .cai be £meged during the mission .wit± 
se.veral different p.ralneters. Ths SIR-C/X-SAR 
ntissi.dn wiU PISO ic1ude two f1ights; planned 
at aighraen uiônths juta tval., to reard the 
eifect ol seasonal and climatic changes, 

This will offr tlbEi sc.ienista i wide range 	f 
e.periments to Ia perorned in tis areas af 
geolcYgy, hydroiogy, vegetation- alanca and 
oceanogr.apThy. A ,series of 45  sites has air,eady 
béen seleited by 'rhê Anerican an4 Eropean 
ciencé tese, inciuding tike fielda of appIica- 

tion and the experirnencs co be prorIaad. .Ground 
Truth activitlies, as welL as the use of comer 
reflectora or éctiie calibtators., will t.herefore 
be scbeduled. ia order te achieve váluabie 
resulta In tbe .ittarprc.r.ation .of SAR .iIn4ges. 

Owingto thë orbitharacteristi.cs it wiLl be 
pôssible 'for each Si-te te determiné a 1is.t of 
oppartunitias, that is ali. the aIiowed passes af 
the Shttt-1e ovar .the sites,. This info.rni'tton can 
.ha used ta date.rmine the srheduje for 4ta 
acqiisition under vüi&ile ii. m.inatian :coudi. 
tion. 

The activity to be per.forieed ia the Ground 
Sation is :tharefote Very porcant tõ -seleci 
the ruost appeaLing opportunicies- and. the beat 
radar tcumarzds, with th final goa]. Õf prduíng 
abig variety of Livages, haviag satisfactory 
-characterise ias. 

3...X- SAR GROUND STÀTION DESCRtPTLQN. 

The it-SAR Ground §tation wili be. characterized 
by a sertes ef computérs and software toola Lfl 

arder to guarantee tha succesaful monitoring and 
ontro1 of th, .abaard. ante-una. and Lhe -  :data 
acquisition during the whole inission. Owing te 
the short dura tion :O .the inissi.dn, 5:  days. thé 
X-SAR.Ground $ tilon shall be.eble te react to 
ruission var.ia.t,Lons and X-SAR sys.tem anámalias ! 
near xeal-tirna,, so ii taising che sciojiíic 
ae:eults al:so ia caie of contitenofes. 

Te . fu.lfill this. recjuirainent, the .X- AR Ground 
Station has been :decomposed ia twe asia aac-
tions the Gontrol and the rocessng SectLens 
(Figure 1). 

FIGURE 1 - X-SAR Ground. Station. Furtctiortal 
Description 
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Tbe ÇoritaJ. Sectian ..perfornis the 	Eol1owin 
funttiona: 

- 	misaion planniiig; 

- 	instrurnent iøniJoring and cntxol. 

It incl.uc1ea tbe foi1owtiig ysrecns:: 

Piani'i:irig and Ana 1y js Systam ( RÁS )•, which 
p latiand upda .tea á.'11. the• iuiszjoty evtnt. 
U. -1190  tnalyeea incoming teletiictry data to 
derive radir crect;tons jn real time. 

- 	Te.tametxy $ysrem (TS)r, wUc1i' receives and. 
diapiays ceLernetry data to monitor the 
X--SAR instrument .statüS. 

Cotnniand Sys tem (C$)., which sends comuuatds 
tu i:he Mias iun 	iL rol Canit'i for uplink te 

XS and. receives Command Accejtan+'. 
li t teit1 (ÇAt) ejiair ing the orrect stora' 
ai iiiiiiands c,t board, 

Tclnmetry and Command SimuJ.atos.. thich 
int1r-e the teleme ,try date aTd tl-ie inter-

face with the iissioti Control Çenter, in 
order to test the Teleinetty and Comniand 
Syst.eiit ind te traia hs operation ternas. 

Thc rrocesstng Sectiott pertor.uts the fo11owio 
fbn tiorti; 

- 	raw data àcquf.it iam: 

real time dite jttssing and display 

It enoornpasses the.foliçnd.ng  syat:mms.: 

SAR ?rõcesSing Systeni, which processes the 
45 SHbps Ku-bend SAR data tà ganera te 
real-time images of,  the illuminated sites. 

High Rata DataSinulatpr, .which simulates 
Ku-band data to teat .t1e "SAR Ftocessing 
System an4 to ttaim the operat1iri tesas. 

The X-SAR Cround Station will operate both prior 

and dud.ng the míssion: 

-• 	tbe pf e -niissien ao 15v1 ty Is mainly relatad 
to Che ereatin ef the misaLon time li,re, 
that is the complete liso of ali dia 

Qperatiops and eventis for every minute di 
t.he mission. The missiõu cinteline wiLl 
include tha optIunal radar séttis. for ali 
thè sites, tô be imaged and .thé correspond-
ing conumand biocke. The creat:ion of the 
inissiuri timelirte wjll be coordiatéd by 
bothX-SAR anã sja-C ternas. 

During this 'phase. the simulatora will work 
to teat thê ci.itical parta of the Çróund 
Station, 'I. e. the Telemetry, Command and 
SAR Pizocessing Systems. They vil alsõ be 
used te traia the. operation teams, itt order 
Co mai.ce them familiar with Che. equjprnnt 
and the freieen operations. 

During tha míssion, the X-SAR Cround 
Station activities wfll bt.devoted te tihe 
monitoring ai tbe iustruiaent and Co data 
acquiaition. 

Themis.sion ticïialine will ba updated .each 
time tha Orb:iter deviates irem the pre-
p1nned p.ositimn with the. new: sets of radar 
conirnadds.. 

Further tbe Teléme'ti Systelh will ebeck 
X-SAR parametera, issiaeing warniriga. to the 
operat tom teani itt case ei' ànomaiies. Also 
the ,.ipl.inkacl couninands wilt beeotitinuousiy. 
tõniLottd tu verify that thcy have baett 
corrnictly receivaci by the en-board equip-
•nien.t, LhÕ SAt Precessing :Systetn  will be 
uaed durini. rho Ku-band data transmiss'Lon 
to pro4.ime real-ti imagas ai .th se1tdte 
aLtas, Theaa linages will ba stored as a 
film bn VHS e sdtteC so .creating a pte-
.:Liinaty.cataicga ei the. rnisaion. 

4. X-SAR (EOUNI STATION FAC1LT.T1ES. 

The 	tiviriar perfarmed in the C;or&ncI sraticri 
bave beca co erjttl iii order te inatch ás as 
possib.Ie ali che sctanrists' requiremetira and 
bis..trictlyIr.ppperate ,. "tith tiurn during :each 
phase ai Che ei1..ton 

Te this aia, borh r.ite Coetrol and the Processíng 
Sectiõns will be- racterizeI by ç.o015 whtch 
niiow te take inCa aocoumt scientists 1  requesta, 
trad.ng cii tibe applicatron telaeed probleiis 
with the mssLon conrtralnts, and Copresent the 
resulta af âcuisition t.ti Lhe usa.rs for 1w-
medíate veifíaatiión, 

Let now examine. In detail for each sëction the 
related functions. 

4.1 Contrdl 	Pãe11.ítieig. 

In. order Co ateSte a tuission tuiaeiIne fuliy 
adherent tu the selentific aspects, the Gonttol 
Sectian will offer :tie folIowing càpabiliiiea: 

selecrion of priTnár sites; 

selection ef r44ar parameters; 

rêal-time cçtreoticri ef radat configura- 

,n impartarit new aspect ftt the raission ia 
.representedb.y. Lhe isot. that ali the abovemen-
:tioned fnctioai can he perforined both itt a 
fuily átitotijatêc1 way and Lu a manual modal.ity, 
uader operatiort teaia control, accordirig te the 
time constra1t for. the. planning. 

The selecticttt dE ptimary sitas represente att 
tmportant step .duríng the planning. In fac.t, 
enly for. tbe saiected sites. thá radar .Aquii-
tion w1.11 be scheduled and therefore ao accurate 
ttade-.Off has Co :be perforéd between, sitie 
characteristica and inission cõnstrainta.. 
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To 1±hi.g A1fl the function wili be :based on th 
foliowing inforrnatirL; 

ltst af test sites wíth the rlacd da, 
scription, such as site ex'tent, best times 
of day,  for imaging, look diretion, ftiei -  
•deiic'e angl.es, ground truth activities 
calibracion procediires. Fürtber, each tesc 
sire is chá icterizd by a pàraiiitei, t}-ie 
"site prority, which expresses .thE 
scienjfje reie'vance for the síteuuder 
invesSatioTi.. 

Li-st of ali the clata tke opportunities. 
that is ali 1±5 imãgIn bPPortunit.ls. 
provicled hy tua salecad orbít., togerher 
with the. relat:e.d. illzralnation 	geometry 
Cine tdenee aiigie. 	Shuttle poition., iok 
.reçtion, 

DtaLts of lfljÇlOfl tonstraintg, ..;uçh ai 
Sht t ia tt Lrude., e t: equi1 t 	psrfõ im 

time requïred t.o modífy ante.rma 
pãirietng, time raquLred to modify tbt 
onba.ard Ins crumen-t. configuration - 

The 	t1on w.i ii: he pe rformed by usirlg severii 
criteria which p ail be chosan by the opeiatLonl 
teams. Thesa criterta can be .baaed. on the 
scientific aspees of the mission and só tbey 
will use- the site priority and the nuniber of 
opportr.tis oseen for the. si .te, Furthe:, 
the çrite:ria wUl, álso tae frito accoiint miiIon 
detajLs and Ui t.hjs caso tha seléction wÍli be 
prfortned te rninJ:rnize l5 õeuvres oC 
rotation, lhe operation team wili be given fufl. 

viaibilit.y ot the avaiiabie oppertunitiee and 
rt.ttiiIe either to wonitor selectioz resuits or 

to intervene in the salection phase (Figure 2)., 
In- botit c'Sea it viii. be pssible for the u.sers 
to examine .the resulta. of eah procedure by 
móana of itatltic rabies

.
reportLng fõr e.àçh 

selected criteriuni the observable cites and the 
discarded ones. Further. it will be po.ssible to-
sugest the Mission Contrai Center a complete 
achedule for the Shutie attitde in order t 
maximize .the number of'primary sites. 

The selection o 	primary sitas representa 
tõgether wjth thÕ 	tion of.the radár parece- 
ters, th 	"Içernai." af the piarniug phase.. In 
fact only Cor prarv sites the related radar 
ç.oiieuands wtl.l bo deeetinined rid .iptinkeci. 

As stated hefcre., this utisson foresees Tflulti-
parame.ter a iuLiti.nn. .sc aiiowing tlie optimi--
-zation of radar paraiiiotars. ón thè hasís :of tha 
huttle geoulletrv and user a. requesta. 

lhe seletiou .of radar parastetera is perfó:rrned 
4.r1g AS 1ttflit dIXI -thEi. piinày sltss. the 

te1.ted iliuminetion .geoxItr.y and the seicriti-
a a requieinents, toga 1±er vith l±e X. SA1 
instrument ehi-eteittcs The a.c --of this 
phase is both to provida 1±o moar aulta131e radar 
cónfiguration for,  acE primary si. qd tá 
calcuiate the corresponding image performances, 

A radar configuration wi11 consisti of the 
fõl1irig :paJauI1l tCr 

Pi.lse Rpetition Frojüancy (1240-18.6o H) 

REM 	 M I 

DTO tb1à;I 	1 	Sue table: 1 	1 	Attude 	Iahle: 	Í 	- f 	StntisUcs table- 1 

M F T S1TE Off-nadir CLltflJ1t 
SáuTrL,r 

Drer whole mwoxa mude MET tange. 
ll-lE 

name angle pitolity ATITFUDE ldiCOIOE primei ro's prne j DTOe 
'e'': . 	---Ir-iper 

Inês 

1 	9i fl fl 	} 
Shuttle Attitude 	BDNl 1 	1 

I4W  

kj2 Ii.LWs 5aP miitim' 
55 

1,2 

/( 
OfÉtJr  

.J 
1 

:::j:::L: 
DTF -. - 

1 

-. 

Site RÚR., 

- MI! Erá ' 

Orbit number 1 Site Num 'bec L 	 GMT 	TDRSS: 	1 
pais. 

14  Nscending 
ste Eetent 	1 	 Ste Lvc 	timt.[ 	1 	E -- 

FIGURE 2 - Primary. Sitos Selection 
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Antenna Tilt Angle (0-90 degrees in 1 
degree step) 

Bits per Sample (8/12) 

Chirp Bandwidth (9.5/19 MHz) 

Receiver Cain (0-40 dB tn 2 dB step) 

Date Window Position (depending on PRF BpS 
and: chirp ,  handWIdth and commandeb1e• In 
steps cif-9:95•Mírosec); 

The radar configuration wiil he,elected ac-
cording to the acientist Ys requlrements Whi.Ch 
are proVIded hy — Means Ag' 'the fOIlbwip.g data 
patkage 

wide swath (coarsé xesólútion, 101$2, 8 
bitsper ataiP10); 

tigh.spatiel reSolutton (fine Xesolution, 
low PRF, 12 bits Per samp1g); 

high radiometrIc performance 	(coarse 
resoIution, high PRP,. 12 bits per -samp1e). 

Eadh user will specify. ír .  adVance which package 
,is .to he conaideted for the- radar eetting 
datermination prOCedure-.. At the end of the 
calculatíon the rist of the most anítable radar 
.paremeters will'he presented-to . the lAser, ranked 
acCording to the selected package (Figure 
Thdugh the çaicUlat:IOn Ia fu11y automatíc, the 
finai choice is -lett Co the operatien and 
sciende-teams. 

.....- 	....— .• 	 ., iskat4:-:,tarrÀ  	  

DTO 
Last 

table: 1 	I 	Site table: 1 1 	Attitude rabie: 	I 1 	Site num: 1 	I 
DTO: 1 	1 	ErrOn: 1 1 Radar•Setting 	tablel 	I 

Til: angle: XXXX.X. LIR 

linage perf. req.:: XXXXXXXXX 

BPS: XXXXXX 	 Resóltttian: 	F/C 

AAR limit: XXXXXX 	PRF Ranking: 1-1/1 

tutP 	0 51/ P 	GAIN E.1NDEX 	DWD 	AAR 	SWATH 

— -------, 

_....—._ 

RFJECTED PRP 

XXXXX 	XXXXX XXXX X 

Heip 
Next 
Prime 

Sáv.e 
I 	H 	1 PRF 	

PRF 	1 
Hopping I A 	IA"IYsis  1 	1 	S 	I Radar 

1  	OTO:  1 	0:!: 	1 _J 	iSening 
I 	k 	1 Rettim 

FIGURE 3 - Radar Setting Selection 
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A support tio the selection ei the radar •ettir 
will be pr9vied by the determination of the 
.performance Õurves for each rádár configuration. 
In fact.the foliowing image quality functions 
wi:ll be calcuiated: 

- 	affibiguity rati9;: 

- 	spatial .resolutíon; 

- 	radiornetrjc rosøiution; 

dynamic range.. 

Ali these curves wili be dsp1ayed tio tibé. usera 
(Figure 4) algo a].1.owing te compare p:er€cr-
mancea reiatéd to different radar ,  configu-
rati.ons Further, each sciontiist can provido 
performance. requirements in advance' and ao it 
canbechecked if a selected radar configuratiou 
provides the imagá performances as requested Iii 
case of.poot reulta the scientist c&n suggest 

the. opèratior tears different .pack&gea ao. deter-
.mining configurationa and related performances, 
uri til good compromises have been reached.. :  

This interactive approach is the bas is for the 
hardware configuratilõn of thé Coãtrol Séction, 
where a large use of workstattons ia foreseen. 
The. workstatións viii be connected b a Local 
Area Nétwõrk to. a Central ..Co,aputer where a 
relàtionai dar.a e viii be r.oeidont. In tihis 
way, each consoleztfl acèsa ali the latinng 
in.forniation and the cience team viii hava the 
capability to fó11ovi. each phase, also supportlng 
r.hé operation team. 

Another impor.eani new façt].íty provided by tibe 
X-SAR Çontrol Setion .t ti1i .capabU±ty tio 
modi:fy the radar paraineters ia real time. This 
taslc viii be perforned by mesas of an intenaLve 
monitoring of the teiemetry. data, ia particular 
õf the .écho profile whi.ch eçpresses :ttie 
str.angth aí tbe return signala 

DTO Jable: 1 	1 	Site 	tahle; 1 	1 Atiitude. 	lable: 	1. 	 Sue nsme: L_ 
Last .DTO: 1 	 DTOn: 	. Radar 	Setting 	table:L 	. 

Image perf. réq. XXXXX 
Til 	PRF 	DWP .BPS 	RES. 	GA[N 	# ot Poinis 

XXXXX 	 xxxxx 
XXXXX 	 XWX xxxxx  

i.xm 	uxx 	xxxx 

RADIOMETRIC -- PERFORMANCE 

1 HOP ____________ 	____________ 
Save 1 	S 	Radar ____________ 	____________ 

ctangc 1 	ro 	-- 
XY 	lengtbs 	l 	ï 	190 j 

SetUng 
' 	Piot 	R 	ketim 

FIGURE  - Ánãlysis ot Irnage Quality Fujïctions 
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The. operation team wiU be given the. capabii-íty 
to monito± Lhe echo .proflle on :a screen (Figúre 
) superi inpong cii Lhe &'urve. the cite pos 1 tion. 

Lhe p:1iijd claLa. wtndow pos ition and th kpcN 
ad nadir return In Lhjs way Li will be posih1 
Lo monttcn wheUi tho hás.. bc en pi op t Iy 
selacted ar .tbe daLa window hs.'beert corrc-t1v 
pós i c'ioned w.i th i:uipe.ct Lo ;thø si L - 

ThLs pro'codI.4re ic cornplet&Ly automated and so 
Lhe. recuit.ing corre lons foi: :gain and data 
•windcw are :immediateiy present:ed to the- op'r• 
tor. In- thi-s way, a rreç'ted radar .sa-tLTng 'ëan 
be •uplinked to 	hi oii-board instrumenti. Tliough 
otily for Lhe i 	I.ver gaín aiid data ifnow 
position IL. wiJ.i, be pos1b1e to 	naicu1ate 

:11 1 tte oter s rauiter wi.jl be 
modiíed 'Lnrie rime if required y Lhe sci.ence 
c'f opero LLCIT1 tearn, to fac.i part: Leular ont-i n- 

4,2 - 	pce'cet ng Sec:'1'0tY FoçU iiLes 

Ac mentioned abve. rhe Crocessíng 5ectwn w111, 
prõdúce. v time .mages o.f th settcted sities. 
TI) Ls will be achiwo4 by mesma, -of a QujcIç Look 
Processor(*) which W -1. 1.1 pess iu Lhe deforstted 
w ra. radar -data Li roa  time &rd w1 11 d1piay tba. 

result.ing t.rnaes on a hih resolution mnonLior. 

The XSAR Procesaing Seotion wfll çfEei tht 
cepabiljty to th.etore: •the raw radar ou 
CCT. to be d1t.varab1.e to 'L:hc ceIntist and Lo' 
record Lhe prcfiminaiy ouLpltL froin th QI L cri 
VHS cassettes by uíng a co'mmnercial videoreor-
d&r. Due te Lhe ',str'ict timeccnstrairts, the LP 
will õnly produco very drat iniages, without 
perfórm.írig aiiy ,preiimtnary .otrection. .ln any 
case by crea.ting a catalogue- on' cassettes the. 
sc.ients'ts would 'be. iirnned1a.ely awaré whether 
Lhe. acquisition has  been .süccessful - At the 

moment Lhe creation óf a cata'logué is foreseen 
Just ai»Lhe and of Lhe mi.ssion Anyway for Lhe 
cecond and third launiches the preparatïõn of ,  

t:alogUe wili. he perforzoed fui near-ral time. 
Ln Lhis ç'ase.. some inp,ut infornat'ióui for 'the .Lbe 
replarmn.tn; cytL' -ceni -bic. provide'd. ,The: user w,ILI 
Lnfact requi-re some ,&&difi'cat-fon: to. the time--
lime, tf iu .order te replan uew 
aquisit'Lan's for Lhe Sies. uuder inv,e'atigtLoii. 

Thy Frcesjm Soccian will siso offer lhe 
apeb-i-ii.ty co ena:Lyse  off.-Une processed radar 
data to .det.t'oiirc time corrcíspándíng .power 
pect:ra an hi,s.Logr-amns. to asseas Lhe 'qua'lity oí 

data  

. ctcuis'is. 
Thouh thç X-SAR - Ground Seiient -tias been corn- 
c.-Lyed- to óperst 	hi such 'a way to 'fuif Li 
sc.ient'ific e4eit:atiomus.. our - .effort Is. 	to 
hiipro'ie the .p:roseni. &:onZLgixration te .ordei- r 6. 

.erçom soac 1 i.uLt:aLion, especi:-aiiy for ché 
Pcece-in Stiun 

Lhe future tr-oed .'i'I.1. -be aO deoted to' Lhe 

reaLizaLicm nE more 'sephisticated Quick ioók 
Processor, cipabis Lo - provida crrecied imagôs 
for thn síces itt nii real-Lime. The use',of mo .r.e.  
complox algor i,thuns wi II also -'be evaluateci In 
order to delmíne, cri Lhe basis -  ofprocessed 
dat -systern atwe -suclu as à'nmtenna ptL'ern 
tfiat lia correted to tiie. radar cónfi.gu-
zatiinms.. ThLs will. provida .quick rma'&ti-ons -to 
aymy ont-iegeui -aw e moLe accutate deter--
mtnaz.iort of thi rm'sur-Lrig cpruzect,.Lon,- 

6 	ACI<NOtJLEDGMENT.S.. 

. wouid Li'kc to ihan 	AS'! p'eôpl 	fr tI'ie 
.i.tpport proví-ded co the presentation pf th 
papar. We ulso thanlç ?Jr, 14. Musxneci- (SCS.) for 
'hia 'kind hèlp -te: t:he realiza'Lion óf Lhe gra-
-phics. 

Cüxuenl DTO 	1 1 MEI 	L...._J 01 	MEL 
SeItc2d DTOt  

-A.TrITUDE 	MONITORING 
PtJTCH YAW 	ROLL 

TIMÈLINE xic,xx xx.xx, 	.x-x,-xx 

'TLMErRED XX.XX XX.XX 	XXIX 

DLTA XX.XX -- 	 xxxx - TimRESl1flLD XX 	Em 
tCHQ 'PROFILE- MONITaKJNG 

ADC OIF: XXXX 
,( 	\ UfDAT]N13 T1M 	)2(X 

-- 

H.. 

- 	1K1" - 	DWP GAIN 	BPS 	aas 	'nLr - C)Ril,EÇrION-MODE 
TLM 	, 	XXXX XXXX .1CXXX 	YUXUí. 	IV O DWP. 	O OWP +GAJt4 

CORRECIED .'CXXX XLXX )OKX- 	XXXX 	FliZ 	QC.X,X O GAIN 

H 1 	1 r 11W  1 	r-5-1,  1 	1 	1 	1 

["111111] r; 	r 1 	 1 1 	1 	! 	1,RIüni 

FIGURE 5 -. Radar Pararseters' Correction 

(*), The Quíck Look 'rp.essQr -is cuppiied by-,Dornier.C.m.b.H. 
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references were not intended to be 
a complete review of lhe literature 
available on the subject, they 
provide a general background for 
lhe focus of this papar. 

For decision making, forest 
planners and managers need 
current information which can be 
manipulated in a flexible way (Hegyi 
1985). The basic ingredients of 
such a land information system are: 
geo-referenced base, cadastral and 
thernatic maps within the context of 
a geographic information system, 
cost effective change detection 
procedures, and flexible data 
management algorithms. Exemples 
of such systems are the forest 
inventory data base of British 
Columbia (Hegyi and Quenet 1983, 
Hegyi 1988) and New Zeaiand 
(Krkland 1985), the resource 
information management project in 
Thailand (I3eaudoin 1988), GIS 
strategic projects in the Nordic 
countries (Tveitdal and Hesjedal 
1989), remete sensing and GIS 
applications in Asean countries 
(Mok et ai 1988), and the forest 
change classification project in 
northern Florida (Hoffer and Lee 
1989). 

Forest inventory and mortitoring 
techniques have experienced some 
dramatic changes during the past 
30 years, driven by technology, 
needs, focal conditions and public 
pressure for information on 
resources other than forestry. The 
long standing leadership of the 
European practices have been 
challenged by the rapidly evolving 
technology. In particular, North 
American foresters, faced with 
extensiva ereas of unknown forests, 
have turned to remete sensing 
techniques, computers, and 
geographic information systerns to 
aid in the design of forest inventory 
and rnonitoring projects. 

In recent yeats, considerable 
attention has been focused on 
global monitoring. The need for 

monitóring renewable resources 
on a global basia is ~II 
documented by Hilderbrandt 
(1983) and Singh and Lenis, 
(1983), and an .a national basis. 
by Schmid-Haas (1983), Lund 
(1983), Hegglund (1983) and 
Hegyi (1983). Geographic 
information systems have 
perhaps mede the. .greatest 
Impact on forest inventary and 
monitoring ,practices . and their 
operational implernentatión hàs 
received considerable attentión 
(Torrilinson-1•989, Hegyi 1989). 

FQREST INVENTORY AND 
MONITORING TECHNIQUES IN 

CANADA 

A review of forest inventou and 
Monitdring techniques used in 
Canada indiCates that numerous 
alternatiVe methods.are avallable, 
depending on needs and iodai 
canditions. However, there are a 
number •of components that are 
common to most inventaries, 
su.ch  as planimetriC and 
•cadastral maps„ .administrative 
boun aries, thematic forást 
cover and environrnéntal 
sensitiVity imos, road tietworks, 
infOrmatien on other reeourCes 
and land use options. In 
additiOn; Cartagraphiá .  maps. 
Containing digital Mei/Mien data 
and change niOnitoring 
infarmatión are easential 
requirements of medem foreSt 
managerrient. 

Geographic information and 
satellite Image an.alysio systems 
are. becoming an integral part of 
fOrest• 'inventary. • The 
requiremérit 'of stand 'ar area 
specific informatiOn .further 
confirms -the strong rolo at GIS in 
inventary practices. These new 
toais have -  a. major e.ffect.en the 
statisticaftechniques thát:may be 
used for the inventOry ás well as 
on data managerrtent and 
retrieval -  prattices. 
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Given 	lhe 	available 	modern or stems per hectare. 	In 
technology, 	forest 	inventory addition, 	other: 	relevant 
proiects 	in 	Canada 	inclu.de 	the information is. included in 
following components: 

1. 	Essential 	components. 	of 

the attribute list, •suoh as. 
site 	index 	ar .site 	type, 
estimated volume, stand 

forest inventory projects are 
the base maps. 	Starting 
with 	planimetrit 	maps, 
ownership, 	cadastre 	and 

3.  

history, etc. 

Using 	ground 	control 
information 	and 	field 

.administrativa 	,boundaries samp.les, 	the 
are ente red to form the base interpretation 	Of 	aerial 
map. 	Automation of this photographs is confirmed. 
process with GIS is cost- Photo centres and the 
effective and provides the boundaries 	of 
opportunity 	of 	storirig 	the homogeneous typês are 
various 	sources 	of transferrecl 	ente 	base 
information 	as 	levels, 
facilitating 	further 

maps 	eithe..r 
photogrametrically 	ar 

manipulations with thematic directly into. the GIS. High 
and tapographio information. quality forest cover main 
In casas where planimetric can .then 	be 	prepared 
base maps are not available, 
geometrically 	corrected 
satellite imagery 	provicie a 
practleal alternative, 4. 

with 	the 	aid 	of 	-the 
computer. 

Sampling systems which 
are considered most cost.-. 

2. 	Most 	management 	unit effective 	and 	efficient 
inventory 	projects 	use involve 	both 	larga-scale 
vertical aerial phOtographs et photo 	and 	ground 
1:15,000 ar 1:10,000 scales. sarnples. 	Experience 
These 	photographs 	are índicates 	that 	70 	mm 
interpreted 	to 	provide stereo photos at 1:500 
clescriptions of forest cover. scales are highly suitable 
For example, in areas where for 	:the 	estimation 	of 
the number of apecies within photo volumes. Rendam 
homogeneous strata are less distribution 	of 	photo 
than five, individual species sarnples is preferred, with 
compoáition 	may 	be the aim of representing 
determined to the. nearest adequately 	the 	.major 
10%. 	Otherwise 	species populatian 	groupà. 	A 
groups 	or 	other 	relevant sub-sample of lhe areas 
ecological units rnay have to selected 	for 	photo 
form lhe description of the samples 	can 	then 	be 
forest cover. :  Date of stand ch.osen 	randamly 	.and 
establishment 	or 	age, 	if visited an the ground for 
available, 	and 	total 	height detailed 	rneasurements. 
(e.g., average height of 100 Ground 	and 	photo 
largest stems per hectare) of samples 	are 	analyzed 
the. 	leading 	species 	is according to procedures 
estirnated next. 	In arder . to outlined 	under 	multi- 
irnprove the estimation of phase sampling {Loetsch 
volumes of individual stands, 
some measure of stacking is 
important, such as crown 5. 

and Hailer 1973). 

In adclition to the formal 
closure to the nearest 10% statisticafanalysis, volume 
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equations are derived from 
the sample data base, using 
independent variables which 
are compatible with the 
classification .systern. This 
approach allows volume 
estimation on an individual 
stand basis, a capability that 
is becoming increasingly 
important in multiple and 
Integrated rasource 
nianagernent. 

6. The major advantages •of 
using a GIS for processing 
the inventory data are that 
lhe thematic forest cover 
and multi-resource levels 
can be combined with 
cadastre, 	administratiVe 
boundaries, 	and other 
relevant leveis of information 
that are available in digital ar 
geo-referenced forms. 
Using either vector ar raster 
based overlay procedures, 
amas of resultant polygons 
can be determined and the 
results clisplayed graphically, 
including colour enhanced 
thernatic maps. As well, the 
statistical data may be 
manipulated in a flexibie 
manner to provide a Wide 
range of surnmaries. 

7. An integral part of any forest 
inventory is growth 
projections. 	In Canada 
severa' approaches, are 
used including deterministic 
volume eqUations with time 
as one ,àf the independent 
variables, stochaStic mudeis, 
and simulation models. The 
use of expert systems in 
growth projections wilt likery 
pick up momenturn and may 
rePlace obnventional 
approaches to a large 
clegree. 

The above described procedure is 
enhanced by lhe use of satellite 
image date. For example, 
supervised clessification of thematic 

mapper imagery can provide 
useful information for the 
planning of fórest inventory 
projects, including both the 
classification and sampling. 
Furthermore, if funding for aerial 
photography is limited,. ar dueto 
weather conditions, paris of the 
area may • ot be covered by 
conventional photography, 
Satellite image analysis has the 
potential of providing a lOwer 
resolution altemative for 
implementing projects. 

For resource monitoring and 
change detection, sateilite data 
provide.perhaps the niost dast-
éffective selutidn; Innagery 
obtained at two different times 
ancl subjected to multi-temporal 
analysis, provides opportunities 
farbeyond the capabilities of any 
of :the conventional techniques. 
Changes detected can be 
transferred to existing forest 
cover maps, ar entered directly 
into the GIS. A more 
sophisticated option is to use an 
Integrated satellite image 
analysis. and geographic 
information system to monitor 
and manage change data. 

TECHNOLOGICAL 
CHALLENGES 

FOR RESOURCE 
INVENTQRIES 

Traditionally, large field parties 
have been used to survey the 
'and. Medium and small spaie 
serial photographs have 
provided opportunifies to 
examine rarge areas in terms of 
such interest parameters as 
tirriber types ;  land fOrms, 
geological forrnations and 
agricultura' uses. Extensive 
ground surveys have changed 
greclually to rnultiphase and 
rnultistage sampling designs, 
and for quality control. As lhe 
resolution of airborne :remota 
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oonsing products hás! .  ImprOved, 
even more field work'. has boon 
substituted with large scale aeriat 
Phátographs. and .photo sampling 
hes become a. new Chailenge, to 
statistiCians, Informationthat.could 
Only be obtainect• in 'lhe past from 
ground sutveys, can naw be 
clbsely -approximated With the 
cOmbinatibn of extenSjvaphoto and 
Firnitéd ground sarnpling, used 
within the. tontext .of double 
semolina or oven. higher Order 
muItiphasesampling designe This 
was Oossible by correcting .  or 
"ground tnithing" estimates frorn 
photographe from the sample 
rrieasurerrients. mede :on the 
grou.nd.. 

Satellitelmagery, syc.h as lhe .early 
Versions. of Landsat multispectral 
scannei data, has -become fairly 
popular in a refatively short period 
ottirnizeMainly becauáe larga areas 
can be tovered friaquently aI lbwer 
cost • than With coriVentiOnal 
Photographs. However, its, fOW 
resolution: tias reduged its use 
Mainly .to monitoring .ch.anges, 
exPept • in res-earch and. 
develdprrient en.Vitonrhents, where 
claimshave beèn made beyond its 
pperational 'capabilities._ 'With .the 
advent of Thematic Mapper 
products,...both spatial and speletrat 
resolution.. 'have ImproVed 
consideráblY i  àrid thé .operationai 
usefulness cif epacebórhe scanner 
products have. increased,. In 
.addition, the release of SPOT data. 
has shown resolution 'capabilities 
that c.an match converitional aerial 
photographs in .many ergas, 

The Major technological challenge 
Of the 90's Will be, 'hoWever, the 
replacernent -of -conVentiOnal aerial 
photographS With high resolUtiOn 
airborne. scanner data ;  such as 
MEIS: When analyzed • Ond 'Optou; 
enhanced, MEIS products con 
appear às if they were large .scale 
aerial.•photOgraphe. but 'have the 
main :advantage Of .being In digital 
form. Onde' a. library Of spectrai 

signatures can be .compiled .  for 
suCh applicátions es foreatry, 
agricultura, .geology, !and use, 
land. production 'capability and 
envirOnmental seriáitivity, high. 
resolutiOn airborne scanner. 
imagery will •hallenge. .aerlal 
photo interpretation In a ~ler 
similar to :the replacement . of 
manual .drafling by. 

T.he development of remate. 
sensing teChnology. tias, in the 
patt, occurred as .a jOint effort 
between researcherá and 
resource Managers. ThiS 
develop.  'Tient hasnot progressed 
as 'fest as it could 'have, mainiy 
becausé both lhe users and 
thoSe who have had major 
Cohtrol .on tinam the new 
teChnolcigy, have learned their 
resourcernanagernent skillá. In a. 
more conventional and manual 
environment for data acquisition. 
Rence, remete .sensing 
techniOues ;  éspecially those 
inValving satellites, have 
undergone some sceptiCism and 
éven resistance. 

However, with the increasing 
.concerns.bythe pubilc•aboutthe 
environment •.and 'lhe changes 
that .are being inflicted upon the 
land -base, resource -  managers. 
will .be  sUbject to SCrutiny at a 
scale Previously Unimagined. 
,Rightly Or • wrongly, praCtIbea 
previpusly c.Oneldere.d 
acceptable -and Oen :cost. 
effectiVe, wifl be chàlengad.. And 
lhe chances are • that. the 
chalterigerá will have up-to-date 
infprmattOn a.bOut.theland bate, 
usisng remota sensing 
technology, connblhed- with 
pow.erful geograp.hical 
inforMation aystams., In. giddltion, 
in Marty cases the resourca 
manada!' at own data will be used 
as .the base, over which .space 
and : airbOrne scanner data will 
be. displayed, showing 'lhe 
adverse effeCtS On the 
environment. 
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Entrepreneurs working with land 
information systems are just a few 
stepá away from setting up data 
marte, where, ori floppy disks, 
information may bè [Jurei-laser:1 
about rnost parts of the worfd. 
Confilcts Of land use and resource 
management practices, whether 
involving forestry, mining, 
agriculture or range, will be dealt 
with In the 90's from a new power 
base: current information, which 
can be manipulated at ease to 
highlight areas of concern. 

Availability of information about the 
natural resources of a region, 
province pr country has created 
further problems or challenges. 
Surveillance of natural resources by 
cornpetitors Gould become an 
active industry, creating both 
marketing and legal problems. 

GIS AS THE INFORMATION 
SERVER 

Information that is being 
accumulated about our resources 
and environment is .censtantly 
increasing. A lárge prertion of the 
data Is atready in digital form and is 
georeferenced. As new descriptive 
statistics are becoming available at 
frequent intervals with remete 
Senairig techniques, the size of the 
data base will create major 
information management prob/ems. 
Geographic information systems 
have the functional capabilities of 
acting as information servers as 
well as data managers. 

For example, in British Columbia, a 
relatively large number of GIS 
installations have been initiated, 
many of:which are PC-based, usIng 
386 machines. with at least 80 
rnegabytes .of storage. Most of 
these Systems have been acduired 
to carry out contract work for the 
expandecf forest inventory program. 
Hówever, sorne of the Consultants 
and contractors involved in this 
program are seeking expansion to 

other disciplines, such as land 
use allocation, environmental 
monitoring and mirtting. As the 
momentum of the digital 
Conversion of land information 
increases, PC-based systems 
cbuld become limiting factors to 
prOduction and throughput. 
Provided that the . healthy 
economic climate of tis high 
tech industry continues in British 
Columbia, expansion of GIS 
instafiations from PCs to 
workstations and to more 
poWerful processors, such as 
microVAX and VAX computers, 
will occur. Altere -saliveis', the PC 
industry will advance in response 
to this demand, and 
microcomputer systerns will be 
avallable to address increasing 
procesSing needa. 

The projected éXpansion of the 
GIS industry will result in further 
decreases in cost fôr digital 
conversion, as well as for the 
management and distribution of 
land-related information. In fact, 
this expansion will likely move to 
a situation where a few 
Wholesale distributors of land 
information feeci the data . to 
retailers, who will turn it into 
products that can be examined 
in a usei' friendly rnanner, 
perhaps even with home 
computers. 

CONCLUS1ONS 

Public pressure on respurce 
managers, to justify theit 
decisions with respect to }and 
use .and enVironntental iseues; 
Will result in increased 
applications of remoto eensing 
and GIS technologies. Demande 
for larsd-related information will 
increaáe -and the d'ata 
distribLrtion industry will expancf. 
A more infortned publie, .and, in 
particular, special interest 
groups,will help to resolve some 
of the existing land use Der -injete 
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At the sarne time, readily available 
data can becorne powerful 
weapons against dedsions which 
are contrary to public interest. 

Conventional aerial• photOgraphic 
products be replaced by 
eirborne multispectral stannerdata 
'inresource management, while the. 
use of satelliteimagery wiliexpand, 
in global enyironmental monitoring. 
'Remote sensing technology wiD 
becorne the -Principal tool for: data 
acOuisitiOn. G1S, on lhe other 
hand, dl be used for the' 
management .and distribution .of 
georeferenced lond iriformatiort. 
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LASERS: A NEW TECHNOLOGY . FOR AIRBORNE PROFILING 
•OVER•FORESTED 'ARRAS' 

J. Blair, B. Hlasny and J. Schleppe, MeElhanney Geosurvejs Ltd., 
Vancouver, B:C., Canada 

ABSTRA CT 

Airborne Prefile Reeording systems for digitel terrain acquisition have:new heen replaced 
. by laser technology eombining integrated 'co.niponents•whieh inetude Standard eartagraphie. 
cantoras and small traeking .cameres, prenise:altimetry .and .dPS. positioning. MeEihanney 
has reeently eo.mpleted a contr.aet .covering the talando Of Kallinantan and SUlamiesi ia 
Indorresia providing vertical control and. aerotriongulation- for 1:50 .,00.0 map .production. 
Thiá Mn -treta required the Installatien of a high altitude. laser sy.steni inounted onbeard a 
fixed wing aireraft, to proVide phOte tdentifiable vertical ppints which were transferred to 
inapping Photography: The laser. System, designed by Elolometrix Of Cambridge, 
Maásacbusetts is the.first priVately ow.ned high altitude untt to be integrated .and -.dáigned 
specifically for sueli mapping...applinations A total of 11,000 mie kilogieters wére floWn 
ín finar Inonths over .heavy.. forested terrain providing. :  true .ground data to iilaceessible 
areas. Péciject field operattorls, ..pi'efile'reSülts-. and vertical trEmsfer methodology are .  
presented in thispaper. 

KEY WORM: Airborrie Laser. Profiling,. Hardware and Software In tegráfiffils 

1NTRODUCTION 

Airborne profile recording (A.P.R) -.for to-; 
pographic OUrVeys were 'first undertaken 
iii the Iate 1940's with' particular appli-
cation to heaVily forested- and remete 
areas„ The earfy systems were radar 
units providing profile .aceuracies of 
approximately 10 inetrês. These •syS-
teins• Were' used extensively providing 
vertical .control on projecta throughotít 
the" world for map práduetions át 'ornall 
seales .suell as riatienal 1:2514000 and 
1:58,000 series. 

Recently With the advent„ of LASER 
technology, more accurate systems have 
béen 'deVéloped, and APR Is being used 
net only .in Mapping applieations, but 
also :In hydrographic SurVeyS, rputes, pró.- 

ft:Test inventory, water quallty 
aensing, reservOir planning and. Volume 
determihation. 

MeElhanney!s devãopment of. an  Inte-
grated laser system carne from the .cem-
pany's involveMent in a largo survey and 
Mapping program in Indonesia. This pro, 
grain is being earried ela as the 
ResotirCe Evatuation AériEil Photography 
Project (REAP) and was designed .to set 
UP.a phyalcal and institutiónal capability 
in indenesia to handle the deVelopment 
of thèir 'natural réseuree, particillarly 
forestry, minIng :and ou l and gas explora-,  
tiOrk Canadian aid hás Oponsored the 
prejeet over 3 phases com mending in 
1979. ,Phase 1 was the establiahment of 
horizontal and v.ertical control points' 
úsin Eitippler satellite Obseryatiens 'to 
form a base kr 1014.000 mapping. This 
was compIeted by MeElhanney in 1981 (A 
teta' of 238 stations established eovering 

ali ef Kalirnantan, .Sialawesi and aomeef 
the southern lotando); •Phase 2 provided 
aeriza phetography coverage -and hase 3 
has provided densification -  of vertical 
control usíng -lhe laSer A.PR, for toro-
triangulation and numerical.adjustrrient 
of thé final map coMpilation. 

The APR for use on Phase 3 was deve-
loPed to ()revide high altitude torp. -aia 
profile data et an economleal cost !ming 
fixed wing aircraft. 'The systern was 
developed for pertability and to opereta 
in retatively Sinall eireisaft With standard 
aerial carneira porta. It Is cleStgned to 
aequire greund profiles fõr applleations 
such as route .proffling, eross-seetioning, 
Vertical control for toPograPhical map-
ping and lhe creation of g DEM base. 

2. APR PROFILING AND SYSTEM 
COMPQNENTS 

AP..R equipnient, when mounted. a:nd 
operated in arr aircraft tairplane or- heti-
dopter); meaSUreS •vertical Prefiles of 
teréain with reSpeet to a reference. ise-. 
barle.surface,. 

Thwairereft flies along a constant prá-
sure .altitude anywhçre • from' 1,000 to 
30,000 reei above the ground: leve!. 
Pulses of . LASER -energs .(trav.elling -  at 
the ápeed of liot 188;330 •mi/See) are 
transmitted in á narroW hem and the ..  
elapsed time between triírisreissiOn .and 
rettirn is a measUré •of lhe • diStatiee be7- 
tween the aircraft and the ground. 
•These measurements are reproduCed as a-
Contirinoils une: et prefile 'of a narreW 
.stripof ground traversed-by the aireraft. 
A Barornetrie Reference' Brat: ( J3É11) 
sensos .deviations-. ef lhe aireraft either 
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up or dow.n !torci a constant ..pressure 
levet. The flight path of the aireraft is 
tecarded by e traeking camera (70 mm 
frEtine r eontinueus strip eamera), 
othçr onboard rnavigation.system. 

Atter adju.strnents to remove pitai), roll, 
BRU deviation and is.obarie sutfacé. 
slope, and• to adjust the terrain.prpfile to 
ground datUrn,. the profile is Osecl to 
provida vertical contrai for mapping„or 
other . 15KM aPpiications. 

'The MeElhanney alrborné laser ,  system 
epnaista of-five -separate Sensors, fole of 
wlilch are interfaced to the dentralpi•o-
cessing unit and este!) drawing p.o .wer 
from the .central powor idistribUtien 
module. 'The system is -essentially a 
passiva data coliector with the only - edn-
trol 'being Over the tracking can -lera: 
The central 'cOmputer' watts for Informa-
tion from.  the- a/time:ter, Pitehirolt Meter 
and the laser.. it la turn triggerÉ the 
tracking ~itera shtitter and..advanèès .  It 
based on operator inp.uts. It .stamps ali 
infOtrnatiOn córning in with a time tag, 
allowing 11. to tater reassemble .and  cor- 
relate the. data :Ed. the post- precessing 
stage. A deseription of .each eomponetit 
is given belo*. Figure 1 TilleatrEiteS the 
interfacing of the corriponents. 

3. COMPUTER 

The central processing unit for the laser 
system is lhe MeElhanney .de.signed 
CAT.DC powered (19-30 volts) naviga-
tiun computer. The NI CAT .  includda a 20 
Mbyte hardeard, a 1.2 Mbyte, 525 inçh 
floppy drive• and a 720 Mbyte, 3.5 in.eh 
rnicro-floPpy drive.• The system diSpley 
monitor is .an ASK •LCD.flat Screen and 
graphies adapter. The ,  computer is shock 
resistentand raek menntable. 

4. LASER P ROFILER 

The laser used by lhe gcÉlhariney sys-
tem is thè ACCI PRAIVI IV Model LRY-
1000 . pulsed ,  laser, which was designed 
speci fiCally :for high altitude airborne 
service, and Ter eaSy mounting in an 
aircraft 

The laser has a peak power rating of 11.4 
mjouies and can Operate at speeds of 5, 
10 and 20 pulses per seeond et ranges up 
to 5000 métres. Range etecutacy of the 
laser is 0.1 metre. A 28V DC power is 
provided fita' operation from the aireraft 

The . PRAM IV profiler is: interfaced to 
the M CAT ceinputer via a RS.-232port, 

5. DIGITAL ELEVATION COMPUTER 

The laser syStern. utilizes a Davidson 
Eleva-U.0n Computar Model D101 as a 
barom.etrie pressure altitude referende, 

-The solid state unit incorporates ,  pres-
-sure and. teraperatute sé:Isso -rã in a soft-
ware controlled unit. -The pressure sen-
sor ia cOnneet,ed to the .aircrafts; statle 
-system. Vertical resolution .is.0.1 Enetre.. 

TRACKDIG CAMERA 

-The systerri's traCklag chirrera Is a 
liesselblad 500 EL/M 7.0 mm formal 
.eamera.00mplete -With an autowinder, a 
50mni super wide angie le_ns and a deter-
chable 120 épàsurefUrn magazine.. The 
film magazine is. equipped with a builtla 
DA-1 serial interface and a detanhahle 
DÉ-32. Datapae Which allows the system 
to auto.matieally .annotate the 70 mia 

- traeking film With date, time, roll num-
ber and framanumber. The fram0„inter. 4  
valls•centrelléd by the central - com-Puter 
base.d. on lhe operator selected ground 
speed, flying height and ferward óverlap. 

7. PrTCR AND ROLL METER 

The MDL TRIM. Cuba Modal 408 providas  
piterLand roll Information for lhe laser 
-syatem. It is a Use iud inclinometer 
asing elçetrolytie gravity sensors .  with o 
single chip raiera-.cOrriputer usecl to de-
modulate the sertsot infermation and 
producé Ã. aérial data: Strearn.. Tile unit 
has a range of 400 --and an accuracy of 
0.25 degrees. 

8. DATA COLLECTION 

?top.-are INANI. V1.0 is used by - Lhe 
Malhanney . SyStem for the real-time 
eolleetion of APR data. As data is yeaci. 
.by the program it Is time t.agged' and 
then storéd in i unique devi.e.e file ori thç 
hard disk, There is a file created for 
each. Of the de.vices, whieh include the 
laser, altimetér, ,cameta and Ottch/roll 
meter. The time tags allovg the post 
prbeesSing • sectien• of lhe 0c:teta:Ui te 
later reasserrible the data .and correlate 
it for adjo.stinent and profiladisplay. 

9. POST PROCESSING AND 
ADJUSTMENT 

Por pcIst PrOcéssing the APR data, the. 
M CAT cornputet is inter faced to .a 
Okidata Mieroline 320 high Speeci dot 
matriz graphies,printer and to a Ilouston 
InstrUments Ilipad Plus Model 902.2 digi-
tizing tablet and cursor. 
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At.  :the. end of each.days flying ali .data 
'collected.18..inspected -  for egripleteness. 
The..data .  is prócessed through prOgrain 

. MAPB• and the .  unadjusted profiles are 
insPeCted for: .  .arinOMeilies; . poor laser 
tracking.  of.  watersurfaces (necessary :for 
.profila .adjustment); large. gaps: in data; 
proper esposure and firing of. triacking 
:caniera: 

A linear correction is deterinined for 
eaéh profile Which correcta •the tines 
initial. datum error and tho elevation .  
diserepancy.  et  the end .of the Une. The 
operator wmild inspoét .  the unádjusted 
profile .and input. the time,,raw elevation 
and. the ,controlling elevation for the 
control points.or sea.level at the start of 
the Ene- and ' ..end of the ling . -or AP.R 

,traVerse. The program the.n .automati-
cally computes a: traoslation coniponent 
in metrea Whieh correcta ter the •-line's 
initial dátums:error and a sealing ,comp.o-
nent in Metrés per secortd. In addition, 
lhe opereta- can enter Interinediate 
points into the adjuátment and li will 
give Misclosures: for these points along 
with intermediate.. cprrection values. 
The operator is then free. to Interpret 
the ?ermita and enter the values m.ost 
stiitable.-08 cOrrectiOns for laterprofiling 
of the.APR data. .A .prititrait of eaeh 
profile..adjUstment is nada and logged 
along With a graphical representation -of 
the AP-R lineã oé .traverses . and . thé..Cor-
rectiOus. COrrections. .entered. .tty • the 
Operai& for . each. tine i .f::setWO:etory, 
were :then .saved .  in era initializatirai file 
Whieh . , Is. stored 'for eaeh Une and can 
leiter be recalled When the ,  data lá to be 
ingbeCted. This .elimiriates; the need to 
reeen.ter the correctión componente And 
.redue4..tile possibility_of'operatoÉ error. 

Ta.  faeilitate..., point. seleetion .alOng .  the 
prõfile :  the program utilizes a digitiiing. 
tablet'and cursar. The Operator digitizes 
a' left;  -and right .sPhotocentre cri the 
traoking film , .after which he- . cai) .digi-
tally display eieVations, altitude, roli and 
pitch Alone the profile as the cursor is 
rnov.éd-?Withiri 'the tvickingflim. 'Mis" 
coupled,:with. thè stereo knage$ on . the-
traelOg. fihn.alleliv. the opeÉgtor to Idén-
tify feattires : and transfer thein to the 
mapping - photograPhy:  for nieneuration. 
Selected points are. also .entered atitama-
tically into a log file by pressing. one of 
the cursor keys. 

Printouts of the profiles are available 
using a high speed dot matrix printer. 
The operator has the option to print ene 
profile only ar the entire Une (at any 
scale). 

10: APR PROJECT APPLICATION 

The Indonosian. project provided a'real 
test for -,both hardware and.system capa
bility. Torram :In .Kallinaiitein., :Ohd 
Sualwesi varied frotn low levei. rmiamP 
and jangleS te densely foreated .  inoun-
taina -with temperatures cobsittentiy in 
the low -80's . -and.  high humidity. ..Elevam 
tion varied -from "sea levei to: more tiara 
8000m. 

Weather was Lhe major contributing 'fac- 
tor in prõfile. productiom Cenerall flight 
missiona were itchieve4 during the morri-: 	- ing before any eloud huild up developed. 
Extreme heat 'heze .  and 'eleuk) affeets •  
laser Penetratien and réStricts. - identifi- 
cation an,aeriai photography. 

Flight profile Unes •were chosen to meet 
mappieg spe.cifiCatiOns. for Vertical point 
density-and to .also follow the..géography. 
of th.e land :so that.  major reaturea süeh 
RS mountain ranges, rivera, iakes and 
coaste; arcas were ldentiflable. 
Daily. 'flightPlanning Mas cri tical, to en-
sure . plannecl 'flight paths were 'covored 
and profile .gapa were fully -completed.. 

Profile lines cora menced and' terininated 
on points of known Oevation Sueli as sea 

lakes, rivers ór largo open 'areias. 
AdditiOrial cheek a.nd eoRman poiáts 
were ..tied to along 'the flight path to 
improve closure..accuraey And detect any 
blunders.. After 0801 days- Mission, ali 
profiies were verified'and adjusted' prior 
to the next days misslõn planning-. 

sProfile data:eind.aerial photography ,  were 
forwárded to photogrammetrists. They 
mede the vertical point selection, idnti-
fication 011 litè 70in film and treinarei' to .  
the Mapping photo waa Complete :d. 
resulta Were processed throtigh the..aera-
•triangulation..adjustment• pregrant PATia 
wiiich verified the .elevation VaItte with 
the.idéritifled point seleèted. 

11. COAI CLUSiONS .AND RESÚLTS 

The laser system prove.d very etfeetIve 
.over 'heavily forested Atroas slieh as Vo- 

.jungle.. ApproxiMately. 2094 of • picei:
laser penetretion Was 'achiev.ed through 
the heavy folleige providingau. acamem.", 
.atter misclosure .adjustment, of 0.5 te 
1.0 métre. 
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VVe are the Worldwide suppliei'oblfdata returned by the SPOT series of Earth oh servation safei I ites. 

WE PROVIDE: 
700 différent tYpes of digitelor photographio products for each of the 1500000 SPOT scenes 

g,ã,XtoredlkOUr:archive ar fdçtlewly acquirecl images at your own request. 

EAI SOOFFE14; 
-;

•• • • • • 	 "' 

Customized image Prétessing, „ 
Análysi#:xkirequirerrients, 
Applicatiqktroject management: 
VVe can déâth withY-q't-1";ãi.Comprehensive development project and1: -.:rrianage the variqtAS.-: . 	_ 
components'involved, trará dEttagt.".ipply to services and .ehd resulto :V,VÇ:',.provide you withrkto.;. ,  
si ngle -sourCe:SCILitio n packadê. in Map pi n g and thematIC :.studies: • 

• , 

SPOT, lhe preerninent SysteM fOrth e ongblrig collectiorrOf geographIcal inforrtation, ia uniquein .the 
world of space-bas.ed .Earth observatiOn. With grbünd reacilutiche of 10 .and 20 hl, SPOT ciffers 
unrivaled geometric accuracy; unparalleled acq.uísition flexibility, 'and :the. major .  innovation • cif 
stereejsáboic jrnagery. These and ót h er feetures .  rtiake SPOT .remarkably s.0 itable:for awide range of 
applications including Mapping, inventorying of renewable and tion-renewable natural resources, 
planning.áf civil engineering.works, urban.plannirig.en.d developMerit,;an&more .generally, ali fields 
calling ,for accurate, up-todategeographiCal information. 

SPOT Data..na.ve 0e0n selécted by .  the WOrld Bank and Other interriational and hational financing 
agencies to boo the- primary -source aí geographical information instnany deVelopment - prOjeCts. 

AT SPOT IMAGE WE: 
•• study and manage. 	 programrning requetts kir data. acquisiliCn. An. averag.e of 10.00 

_requesto arecontinucusly managed into our mission Centre. 

• _operatelhe-world image library and information catalógue: By the erid cif 1989,1.5 MilliOn SPOT 
.sCenes have been acquired ançl archiv.e.d, ready for -your sejection. 

• .produceSPOTd ata n digitelorphotpgraphiOform. More than 700 differentprodUCts.are prOposed 
tOyouin..different farinais OrpresentatiOrl. In adçlition, you areofferecta range otspecial products 
adepted lá specific nêeds or applioations. 

• market and distribute, wondwide, -8PÓT data either directly or throtigh a: distriPutjon. netwark 
,noW. establishéd in sa couhtries, including SPOT IMAGEs subsidiaries .in the:USA and.A.ustraljae  
and licencaeo, .agents . or representativet. 

• offeraSsistance and Conáultancy. TheTech .nieal Marketing and DeVelopment Department lernore 
specificeily dedicated to the analysis of* your requirernénts, technical Oroposaiá, new crodudts. 
deVelopnient.c0Stomized image processing and preparation...of application project managernent. 

SPOT IMAGE headquarters are located In Toulouse, France. 

The SPOT IMAGE subSidiary in lhe USA is: 
SPOT lenage Corporation 

1897, Preston White Drive - Reston 
VIRGINIA 22091 - USA 

Tel.: 703.620.22:00 - Fax: 703.648.18.43 

And in Australla: 
SPOT IMAGING SER VICES 

Po Box 197 -156 Pacific Highway, St Leonards 
NSW 2065 AUSTRAUA 

Tel.: 2.906.17.33 - Fax: 2.906.51.09 

In BRAZ1L, SPOT data are received and distributed by'INPE 

r- 
SPOT IMAGE  ''1 )  

16 bis, Avenue Edouard &lin - BP 4359 - 31030 TOULOUSE CEDEX - FRANCE 
Tél.: (33) 61 53 99 76 -Telex: 532079F - Fax: (33) 61214605 




