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ABSTRACT This paper analyses the lapping characteristics of SAR ilages,descrihes a kind of projection equations 
for the SAR ilage , elphatically discusses the principle and the lethod of reconstructing 8 stereolodel of SAR 
stereoilages on APS-l analytical stereoplotter • Finally, the result of the experilent using practical SAR iuge 
data is given. 
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1. Introduction 

A Mapping Systea SARMS has been developed on the 
China-lade APS-l analytical stereoplotter • The 
software packet SARMS has been proved practicahle by 
sOle experilents 'ith the radar il8ges of GEMS radar 
systel provided hy china cOlpany of Aero - Relote -
Sensing-Serving. Whi Ie there ,ere not navigation data 
and base-to-height ratio ( B/H ) was less than 0.27 , 
only the control points could be used as control 
conditions, the accuracy of location of sterrolode I 
could he ased to leasure a planiletric lap of scale 
range frOi 1: 50, ODD to 1: 100, 000 or 8 topographic I8p 

of scale 1: 200, 000 • 

2.Mappping chracteristics of SAR ilages 

The SAR iuge is distance projection huge ,hich 
is different frol traditional centre projection ones. 
They are diffrent in the projection equations and 
the accuracy of the projection equations. There is not 
inner orientation lark in the SAR il8ge and the SAR 
ilage's error source is lore cOlplex than the centre 
projection iuge's • On account of ahove factor, the 
software packet of upping using the SAR ilages on 
analytical stereoplotter lust be designed again. 

3.Projection equations 

There are two projection equations for SAR illlges: 

(l) Range condition: 

(X-Xs)**2t(Y -Y 5)**Zt (Z-Zs)**2= (y#htRo)**ZtH**2 
•••••• (for distance range) 
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(X-Xs)**Zt (Y -Y 5)**2+ (Z-Zs)**Z= (y#IytRo)**2 
...... (for slant range) 

( 1 ) 
(2) Zero Doppler condition: 

Xs';HX-Xs)tYs'*(Y-YSHZs'*(Z-Zs)=O ( 2 ) 

Where, in (0 and (2) : 
X. Y, Z are point ground coordinates I 

Xs, Ys, Zs are ground coordinates of instantaneous 
sensor position • They are polynolils 
of fl ight tile: 

XS = Xso t Xs' *T t Xs" *T**2 t .... .. 
Ys = Yso t Ys' *T t Ys" *T**2 t ..... . 
Zs = Zso t Zs' *T t Zs" *T**2 t 
T = Mx*x t To (3) 

Where I 

x is radar ilsge coordinate in the flight direction, 
y is radar iuge coordinate in the range direction; 
Mx,My are scales denolinator of ~y ! 

Ro range delay! 
To = flight tile correspond to zero of ilage 

coordinates system ! 

Xs',Ys',Zs'= velocity vector of flight I 

Xs",Ys",ZS"= acceleration vector of flight! 
H = flight height! 

4.The principle and the lethod of reconstructing 
a SAR iloges stere01lodel 

In order to set up a free-paral! ax radar stereo 
lodel , 8 new Real-Tiu-Loop progru was designed 
,hi ch adapt to syntheti c aperture radar. The new Loop 
progral has follo,ing fanctions : 

(1) Real-Tile function. 



The run tiu period of the new Loop progrn 
is less 20 illS so that the operator conld follow the 
tracks of leasnrelllent larks 

(2) luge coordinates are corresponded to the 
ground coordinates each other. 

Leading above eqnations into the nn Real-Ti.e
Loop progral was very effective for setting a radar 
stereollode I . 

When eqnation (3) was nsed in one order fOnl ,the 
radar ilIIage physcial coordinates were obtained as 
fo Ilows : 

T = [XS')'«X-Xso)tYs'*(Y-Yso)tZs'*(Z-ZsO)]1 
(Xs'**Z t Ys'**Z t ZS'**V ( 4 ) 

R = SQRT«X-Xs)**ZHY-Ys)**ZHZ-Zs)**V ( 5 ) 

Then the radar illloges coordinates were obtained 
with the known orienation parneters • 

x=(T-To) / Mx ( 6 ) 

y= (R-Ro) / My 
y= (SQRT (R**2 -"**2) -Ro) /My 

(for s I ant range) 
(for gronnd range) 

( 1 ) 

According to eqnation W, (5), (6) and (7) ,the new 
Real_Tillie-Loop progral can translate the point gronnd 
coordinates into ilage coordinates , so whi Ie 
operator inpnts the point gronnd coordinates X, Y, Z, 
the iuge coordinates x lind yare calcnlated 
antoutically, driving systell of the analytical stereo 
plotter would drive the leasnrellent larks to locate 
in the corresponing position of the ilages • 

(3) Free-paral lax. 

Using the principle of interpolation of mnltilayer 
two order cnrved snrface to correct relain parallaxes. 

Because of the affection of iuge resolntion, 
terrain types, sensor position and orbital parneters , 
gronnd - control points, the uthuatical concept of 
radar geotlletry, and the geoletry of sterOliodel, the 
hase-to-height ratio, there were still ruain vertical 
parallaxes in every lodel • Those parallaxes were 
analysed and were fonnd that they showed sOle 
systuatic natures. If the vertical parallax of lIodel 
point was regarded as Z coordinate and the planletric 
coordinates liS X , Y coordinates, then the snrface of 
lodel was a siootb and irregnlar cnrved snrface. We 
adopted the lethod of interpolation of lIutilayer two 
order curved snrface to describe the irregnlar cnrved 
snrfac e • 

The anltilayer two order curved snrface had a form 
as follows: 

f (XV) =Z=K*O (XYX, Y I) tK*O (XYX2 Ya) t ...... tK*O (XYXn Y n) 

( 8 ) 

OJ =Q (XYXjYj) =SQRT {(X-Xj )**2+ (Y -Yj )**2+&} 
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where, j=l,Z, ..... .,n 

if the Blonnt of the known vertical parallax 
points is 111, then n 1iIUSt be less than I, according 
to eqnation (8) I the eq1i8tion Cfln be listed as 
follows: 

v = Q K - Z ( 9 ) 

Where., 
V [VI V2 VI IT 
Z [Zl Z2 ZIII ]T 
K = [Kl K2 Kn l'f 

o = 

[ 

011 Q12 ... QlD 1 QZI 022 ... QZn 

· . 
· . 
· . 

Qll Oil ... Qllla 

Qij =Q (Xi Y iXj Y j) = SQRT {(Xi -Xj )**2+ (Y j - Yj) **Z+&} 

Tb e sol n t ion 0 f e q 1i8 t ion (9) with L SM i s 

( 10 ) 

A any point wonld ohtain correction Zp : 

Z P = [Qp 1 Qp 2 ... Qp n 1 K ( 11 ) 

When the new Real-Tile-Loop program is rnnning in 
the n lode I work" way, if operator inpnt the inner 
par8leters , the exterior parllllleters, the point lIodel 
coordinates, the scales of lIIodel and the corection 
paraleters into the COillon area of the Real-Tille
Loop, in the view systell of the APS-l analytical 
stereoplotter. II free-patallax stereoiliodel of SAR 
ilages wonld he seen tlrealy • 

5. The resnlt of experilent 

A SAR Mapping System SARMS has been designed, it 
consists of : 

Real-Tile-Loop progr811 
Interior orientation program 
Exterior orientation progru 
Contonring progr811 
Other applying progrolls 

SARMS has heen proved practicable by sOlie 
experilents with the radar ilages of GEMS radar 
systeM provided by China cOllpany of Aero - Relote -
Sensing - Serving. The specifications of experiment 
iuge data is listed ill Table 1 : 



Sped fi cstioRs of iuge data Tab.! 
I 1 

I i tellS flight line flight line 2 I 
I I I 
I huge record I hori lOntal hori zontal I 
I fon I distance record distance record I 
I I I 
I designed I I 
I fl y i ny I lU, 000 111 10, 000 II I 
I height I I 
I I I 
I sean delay I 126.6 11S 244.0 11S I 
I I I 
I scale in I I 
I distance I 1: lOU, un 1: 180, UO I 
I direction Mx I I 
I I I 
I scale in I I 
I ninth I 1: 100, 000 1:180,090 I 
I d j r e c t ion My I I 
I I i 
I ~istance I I 
i resolution I 3 111 3 II I 
I I I 
I ninth I I 
I resolution , 3 11 3 II I 
I I I 
I elevation I I 
I difference I 960 111 I 
I I I 
I BlM ratio I 0.1& I 
I I I 
I radar stereo I I 
I cedi 9 I stereo in the slIIIe side I 
I I I 

The accuracy of the location of a stereoaodel 
listed in Tahle 2 IllId the renlts of accuracy is 
obtained by statistics of the the errors itetwun the 
knolin ground coordinates IllId the reading in th lodel. 

itesul ts of accuracy test Tllh.2 
i i 
I points \ RMSB I 'IIX ay liZ 

I nuber \ I (a) (a) (I) 

I J 
I control points I 
I 9 I 13.8 16.2 13.2 
I I 
I target points I 
I 22 I n.1 23.9 33.1 
I I 
I known po ints I 
I 31 I 23.1 21. 9 28.1 
I I 

** Tle known points inclade the control points aad 
the target points. 

The topographic up of scale 1: 2UOD, nue is shown 
as fig.1 , the altitude length of contour is 2D I ~ 
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