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ABSTRACT  This paper analyses the mapping characteristics of SAR images,describes a kind of projection equations
for the SAR image , emphatically discusses the principle and the wethod of recomstracting a stereomodel of SAR
stereoimages on APS-1 analytical stereoplotter . Finally , the resalt of the experiment using practical SAR image
data is given .
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1. Introduction (R-Ks)ykk2+ (Y-Ys)dok2+ (Z-Zs) k2= (yxMy+Ro) kk2
...... (for slant range)
A Mapping System SARMS has been developed on the 1)
China-made APS-1 analytical stereoplotter . The (2) Zero Doppler condition ,
software packet SARMS has been proved practicable by
some experiments with the radar images of GEMS radar Ks” X (R-Ks)4Ys’ X (Y-Y8) +2s” X (Z-Zs) =0 (2)
systes provided by china company of Aero - Remote -
Sensing-Serving. While there were not navigation data Fhere , in (1) and ()
and base-to-height ratio ( B/H ) was less than 0.27, K, Y,Z are point ground coordinates
only the control points could be used as control Xs, Ys,Zs are ground coordinates of instantaneons
conditions, the accuracy of location of sterromodel sensor position . They are polynomils
conld be used to measure a planimetric map of scale of flight time ,
range from 1,50,000 to 1,180,008 or a topographic map Ks = Kso + Xs'XT + Ko’ 7&T&k2 + ......
of scale 1,200,000 . Ys = Yso + Y&'XT 4 Yo'/ XThX2 + ......
Zs = Iso + Zs’XT + I8’ XTXX2 + ......
T=Mexx +To (3)
2.Mappping chracteristics of SAR images Where ,

% is radar image coordinate in the flight direction ;
y is radar iwage coordinate in the range direction g

The SAR image is distance projection image which Mx,My are scales denominator of %,y ;
is different from traditional centre projection omes. Ro = range delay ;
They are diffrent in the projection egquations and To = flight time correspond to zero of image
the accuracy of the projection equations,There is not coordinates systea ;
inner orientation mark in the SAR image and the SAR Ks’,¥s’,2s’ = velocity vector of flight ,
image’s error sosrce is wmere complex than the centre Xs*’,Ys’’,2s’’ = acceleration vector of flight
projection imege’s . On account of above factor , the H = flight height ;

software packet of mapping using the SAR images on
apalytical stereoplotter sast be designed again .
4.The principle and the method of reconstructing
a SAR images stereomodel
3.Projection equations

In order to set up a free-parallex radar stereo

There are two projection equations for SAR images, wodel , & new Real-Time-Loop program was designed
which adapt to synthetic epertare radar, The new Loop
(1) Range condition . progres has following functions
(R-Ks)kk2+ (Y-Ys) Jk2+ (Z-Zs)Jk2= (yXkMy+Ro) k2 +Hxk2 (1) Real-Time function .
...... (for distance range)
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The run time period of the new Loop program
is less 20 ms so that the operator could follow the
tracks of measuresent sarks .

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

Leading above equations inte the new Real-Time-
Loop program was very effective for setting 2 radar
stereomode! |

When equation (3) was used iu one order fors , the
radar image physcial coordinates were obtained as
follows ,

Tz K’ X(K-Xso)+¥s’ X(V-Yso)+Zs’ X (Z-LsD)]/

Bs” Xk + Yo' kk2 + Is"KkD) (4)

R = SQRT((X-Ks)kx2+ (Y-Ys)kk2+ (2-Zs) kD) (5)

Then the radar images coordinates were obtained
with the known orienation parametfers .

x=(T-To) / Mx C5)

y=(R-Ro) / My (for slant range )

y=(SQRT (RXk2-Hxk2) -Ro) /My (for ground range)

1)

According to equation (4), (5), (6) and (7) , the new
Real_Time-Loop program can translate the point ground
coordinates into image coordinates , so while
operator inputs the point groand coordinates X, VY,7Z,
the image coordinates x and y are calcalated
antomatically, driving system of the analytical stereo
plotter woald drive the measurement marks to locate
in the corresponing position of the images .

(3) Free-parallax .

Using the principle of interpolation of multilayer

tvo order curved surface to correct remain parallaxes,

Becaase of the affection of image resolution,
terrain types, seasor position and orbital parameters,
ground - control points , the mathematical concept of
radar geometry , and the geometry of steromedel, the
base-to-height ratio, there were still remain vertical
parallaxes in every sodel . Those parallaxes were
analysed and were found that they showed some
systematic natares .If the vertical parallex of model
point was regarded as Z coordinate and the planmetric
coordinates as X ,Y coordinates , then the sarface of
mode! was a smooth and irreguler curved surface . We
adopted the wmethod of interpolation of mutilayer two
order curved surface to describe the irregular curved
sarface |

The multilayer two order curved surface had a form
as follows,

f(RY) =Z=KXQRYX, YO +EXQ (XTK2¥2) . ... +EXQ(X¥Xn¥n)
8)

Qj=QRYXjYj) =SQRT {(X-Kj)kk2+ (Y-Yi) k2 +&}
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where , j=1,2,...... .

if the
points is

amount of the known vertical parallax
®, then n must be less than m , according

to equation (B) , the equation can be listed as
follows
V=0QK-12Z 4)
Where,
V=(V1v2... %]
Z=[(1122... a]"7
K=[K K .. FK]T

Q11 Q12 ... Q1n
Q21 Q22 ... Qe

Q;l Qa7 ... bnn

Qi j=QXiYiKj¥j>=SORT {(Ki-Xj)xk2+ (Yi-Vj) k2 +&}

The solation of equation (§) with LSM is .,

K= @' Q"D )
A any peint would obtain correction Zp .
Ip = [Qe1 Qp2 ... Qpo ] K (1)

When the new Real-Time-Loop prograe is rumming in
the » model work * way, if operator input the inner
parameters , the exterior parameters, the point medel
coordinates , the scales of model and the corectien
paraseters intoe the common area of the Real-Time-
Loop , in the view systes of the APS-1 analytical
stereoplotter , @ free-patallax stereomodel of SAR
inages wonld be seen clrealy

5. The resalt of experiment

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

. Real-Time-Loop progranm

. Interior orientation program
. Exterior orientation program
. Contouring prograa

. Other applying programs

SARMS has been proved practicable by some
experiments with the radar images of GEMS rader
system provided by China company of Aero - Remote -

Sensing - Serving . The specifications of experiment

image data is listed im Table |



Specifications of image data Tab. 1
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stereo in the same side

The accaracy of the location of a stereomedel
listed in Table 2 and the resalts of accaracy is
obtained by statistics of the the errors hetween the
known ground coordinates and the reading in the model,

Resalts of accuracy test Tab.?
I ] 1] ¥ 1
| points \ RMSE| mx | wy | =z |
| number  \ I @ | @ | ® |
: j : | |
| control points | | | !
| ] | 138 | 16.2 | 132 |
L I 1 1 J
i L] 1 T 1
| target points | ] | |
| 1 | 2.7 ] 219 | 31 |
L ] 1 i i
] T 1 ¥ 1
| known points | | | |
| 3 | 2371 | 1.8 |t |
L 1 I 1 -

%k The known points include the control poiats and

the target points .

The topographic map of scale 1,2000,000 is shows
as fig.1, the altitude lemgth of contour is 20 = .
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Fig. 1
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