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ABSTRACT:

In the western region of China, Synthetic Aperturel@amages have been used in extraction of topbgrapaps. Stero mapping
with stereoscopic image pair is very useful forastion of feature elements (roads, buildings atmgosurface features) from SAR
image. The basis of stereo-mapping is stereosdojzge pair, of which the vertical parallax mustrbmoved, and the horizontal
parallax reserved. This paper presents a methgdrarating SAR stereoscopic image pair based onaDigievation Model, which

is used in stereo-mapping. First of all, orientatid SAR image must be completed; then accordif@BEM, stereoscopic image can
be generated through image re-sampling along thgerdirection from original image. The vertical géax will be removed, when
re-sampling, and the horizontal parallax will beamstructed with central projection or slant-rapggection. There are two ways to
generate stereoscopic images from single origimalge or two different original images. The two iesgenerated from single
original image are called mono-source pair. The imwages generated from the two different imagescatied dual-source pair.
Experiment is done in this paper with high-resalntspace-borne SAR images. Mono-source and duate@iereoscopic image
pairs are generated with central and slant-rangggiion, and feature elements of topographic mapeatracted with the image
pairs in the experiment. It proves that the methaloadve is feasible.

1. INTRODUCTION The specific approach is extracting the relativielgependent

stereoscopic image firstly, and then making upesesiscopic
SAR is an active microwave imaging system with highimage pair with two stereoscopic images.
resolution. Compared with optical sensors, it haseseof
advantages, such as all-day, all-weather and eimgiithrough  The procedure of extracting stereoscopic imagecigadly a
cloud, mist and a certain depth of ground, andaolieen used process of image simulation. Establish the map ®etwthe
in many fields. As the development of SAR techngloits  simulated image and the original SAR image with it
applications are expanding continuously. The tetdgies, imaging orbit and imaging parameters (resolutian)d then
generating ortho-image with SAR image, extractinge¢h resample to get stereoscopic image. The image melsay
dimensional topographic information with InSAR and depends on DEM in the same direction, so two mhpsld be
deformation monitoring with D-InSAR (M.Gelautz, 200have  established. One is the map between original incagedinates
been relatively mature, but research on SAR analytitereo-  and geographic coordinates, the other is betweemrgphic
mapping is still limited. The key technique of si@mapping is  coordinates and simulated image coordinates. & iy, the
generation of ideal stereoscopic image pair, ofctvhthe  vertical parallax will be eliminated, and the magivbeen the

vertical parallax must be eliminated, and the tanial parallax  original image coordinates and simulated image dioates is
reserved (Franz.W.Leberl, 1985). Because of existeat established indirectly.

epipolar line, ideal stereoscopic image pair canmagle with
optical stereo image pair re-sampling along the@pr line

2.1 SAR Image Geometry
and eliminating the vertical parallax between tb# &nd right

images (Z.X. Zhang, 1997). The method of this papere-
sampling along the same geographic direction wikR $mages
to eliminate the vertical parallax and reconstihet horizontal
parallax according to DEM. The mono-source sterepisc
image pair has well stereoscopic vision, and caruged to
assistant image interpretation. The dual-sourcee@seopic
image pair has more detailed topographic infornmatend can
be used to map and edit contours. The principleraethod of
mono-source and dual-source will be introduced, danel
experiment with SAR image will be done.

2. GENERATION OF IMAGE PAIR

In the method of this paper, the two images ofestgtopic
image pair can be re-sampled from single SAR imagd, also
can be from two different SAR images with overlagpiegions.
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Establishing the map original image coordinates gewgraphic
coordinates is geo-location of SAR image, the keythis
establishment of SAR Geo-location model. SAR Geotlona
model is the basis of SAR image geometric procesgeral
models have been raised at home and abroad ahpréseong

them, the Range and Duppler (R-D) model follows SAR

imaging geometry strictly, so it can be used far biasic model
of SAR image geometric process (E.X.Chen, 2004). Vdith
SAR image, the formulation of R-D model is as foltow

R=|R,-R|
_ 2 (Re-RoVy M
“ 2 |R.-R



In: Wagner W., Székely, B. (eds.): ISPRS TC VII Symposium — 100 Years ISPRS, Vienna, Austria, July 5-7, 2010, IAPRS, Vol. XXXVIII, Part 7B

Contents

Author Index

Keyword Index

Where R = the slant range from objective to sensor
Rsu: = the position of sensor

R, = the position of objective
VSC = the velocity of sensor
fd = the central duppler frequency

A =the wavelength

The first equation is the range equation, the otheduppler
equation. Model parameters can be extracted ofignage
parameter file, in the solution process of the nadéculation
need to know the sensor orbit information. Alonghwthe
development of inertial navigation technology, eutty a
number of SAR satellites have been able to provatg.\When
there is no accurate sensor orbit, the sensor @dnit be
inversed with a certain amount of image controhfmoi

2.2 Image Simulation Parameter

Simulation parameters mainly contain simulated imggrbit

parameters and simulated image parameters. Orlaimeters
are mainly orbital altitude, orbital direction, ige parameters
are mainly imaging resolution.

Generally, the simulated orbital altitude is appm¢ely equal
to the original SAR image orbital altitude. The esvpling
direction is the same as the range direction dfimal image
normally, and perpendicular to the orbital direstioFor
example, the orbital direction for Spaceborne SARoisghly
north-south direction, simulated imaging orbit che true
north-south direction and re-sampling directionwsst-east
direction. Simulated image resolution depends orppimy
resolution or mapping scale. The following briefly what set
the principle of simulated orbital parameters.

Imaging region can be determined by the coordimdtéour
corners of the original image. The simulated odiiection is

set to beY direction. Then in the Fig.1 is a re-sampling scan

line. The bound coordinaté(b is from imaging region, orbital

Figure 2. Baseline

In order to obtain well imaging results, the baséht ratio
should be designed before simulation. The desipasd-height
ratio can be obtained with moving simulated imagpnigjtal
position. As the Fig.2, the orbit is moved, andhtliee orbital

I
X -axes coordinate after movmg)§S .

2.3 Simulated Image Geo-location

It is necessary to establish the map between stauilamage
coordinates and geographic coordinates. The gebgrap

coordinateY of corresponding point on simulated image can be

obtained from the orbital position, whiM needs to be solved
with DEM and simulation imaging model (central mctjion
imaging model or slant-range projection imaging elodhe

coordinate X and the elevation is obtain through iterative
solution, the principle is:

1). set initial value of elevatidf, ;
2). solvex0 with the initialization;

3).interpolatehy from DEM with X, andY ;
4).solveX, with  ;

5).circling iteratively until|)(i+1 - Xi|< &, the geographic

altitude is set to bH . R, is equal to the nearest slant range ofcqordinate i<xi VY, h ):

original image. So the orbitaX -axes coordinate iX :

S

Xo( Bound of |nagi g’

Figure 1. Simulation Parameter
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For the slant-range projection imaging model, tterative
solution depends on the slant-range equation:

R =(AX')?+(H —h)? @

Get elevation information from DEM and solve thegephic
coordinates. The Fig.3 is sketch map and proceduiterative
solution.
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(&) Sketch map

Simulated Image Poinit (j,
R=R*iRg
v
AX' =R’ -(H -h)*
Y =Y, X, = X +AX
v

‘ Interpolatey from DEM ‘ N

v

| ha-h<e -
Yy

\ (X,Y,h) \

(b) Procedure
Figure 3. Geo-location of slant-range projection

For the central projection imaging model, the ite@ssolution
depends on the collinear equation:

TV ®)

The Fig.4 is sketch map and procedure of iteratolation.
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(a) Sketch map

Simulated Image Poinit (j,
R=R+iRq
AX'=x0OH -h)/ f
Y =Yg, X; = Xg +AX'
v

‘ Interpolatdy from DEN ‘ N

v

| ha-h<e —
Yy

\ (X,Y,h) \

(b) Procedure
Figure 4. Geo-location of slant-range projection

2.4 Re-sampling

Choose indirect sampling as re-sampling style, sttt image
point on target stereoscopic image, get pixel gedye from the
corresponding image point on original SAR image. The
procedure is as follows:

1).Get imaging bounds with geo-location of originaiage,
calculate the size of simulated image accordingsitoulated
imaging resolution;

2).Solve corresponding geographic coordinates fsamulated
image point;

3).Calculate the original image coordinates with gyaphic
coordinates

4). Set gray value of the simulated image poiriigdhe original
image gray value.

The procedure is as the Fig.5:
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Rio = (X4 = Xg)* +(H =h)*

7AJ <\G{ay value interpretatior
[ 4 R = (X4 = Xg)? +(H ~h)?
¢}

ay val ue
t b
I To be stereo measurement equation:
1 ' W
P

i 2 2 2 2

" . >, X = (RAO_RAl)_(Xa) _Xsl)
1 -_—
A
, I Griginal SARinage 2(X51 Xso)

4 n = ®)
Simiated image PPN C erdiyl‘e Ya Ys’

[ XY+

h=H - R, - (X, —Xg)?

Figure 5. Process of re-sampling
For the central projection model, stereo geomdtrieadel in
2.5 Stereo Measurement Model Fig.7, according to the model:

Two stereoscopic images with parallel simulatedgimg orbit

can make up of a stereoscopic image pair. A stereo f
measurement model must be established when steapping %o =
with the image pair. Select a different simulatejgction Xa—Xg,

o . (6)
imaging model, build a model not the same.

For the slant-range projection model, stereo gedcattmodel X=X
in Fig.6, according to the model:

To be stereo measurement equation:

XlXSO _ X0X51
X~ %
AA (7)

X, =

f
h=H (X, =Xo) -

An ideal stereoscopic image pair from single SAR genas
called Mono-source Ideal Image Pair. An ideal stecepic
image pair from two different SAR images is callegabDsource
Ideal Image Pair.

3. EXTXPERIMENT

In this paper, experiment is done with a TerraSARt¥reo
image pair which locate at west of China. The resmiuof the

two images,S andS, , is 3m. Their polarizations are all HH.
The incidence angle &;is 46°, and that o5, is 29°. In Fig.8

T

% .............................. is single-model stereoscopic image pair generamd\$l. In
) Fig.9 is dual-model stereoscopic image pair geedrat
IFigure 7. Central projection model fromS andS, .
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in the experiment with high-resolution spaceborA® Smages.

We achieved well stereoscopic vision, and well elation of

vertical parallax. The contour lines mapping witie timage
pairs can meet the needs of producing topograplapsm
Experiment confirmed that the method proposed is faper is
feasible.

There are still many problems to be resolved in S&ARlytical
stereo-mapping. For example, shadow and layover are
significant features of SAR image because of siddilg
imaging method, and cause lack of information iesthareas.
The problem cannot be avoided in SAR analytical ester
mapping. Extracting information from SAR images aid
from different side-looking direction in the sameea is an
effective solution of this problem.
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Figure 10. Contour lines

4. CONCLUSION
Mono-source and dual-source method for generatfoiesl

stereoscopic image pair based on DEM are rais¢disnpaper
for stereo-mapping of SAR images. Image pairs wereetated
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