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Computation of 3D Coordinates from Stereo Images with RPCs

Kwang-Eun Kim

Korea Institute of Geoscience and Mineral Resources

Abstract : RPC(Rational Polynomial Camera) models have become the replacement model of choice
for a number of high resolution satellite imagery providers. RPCs(Rational Polynomial Coefficients)
provide a compact accurate representation of the ground to image geometry, allowing users to perform full
photogrammetric processing of satellite imagery including block adjustment, 3D feature extraction and
orthorectification. This paper presents an algorithm for 3D feature extraction using downhill simplex
method which requires only function evaluations, not derivatives. The algorithm was implemented as an
executable software program and tested using stereo IKONOS images of Seoul city. The results showed
that the proposed algorithm was fast and accurate enough to be used as a practical method for the 3D
feature extraction from stereo images with RPCs.
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[l 3D Feature Extraction - Stereo RPCs =

- image Coordinates of Conlugate Pl:els

Left Image - Right Image- -
Colurnn ¢ {8208 Column : 8215
Row ]33 2 Raw @ | 518

- Inverse Output e
Map X1 127.031281075
Map Y@ 37555261938
Map Z: 12664

Estimated Image Coord, {Left) :  8209,00000 3312,00356

Estimated Image Coord, (Right) 1 8215,00000 3311,99685
fteration : 454
AMS Error : 0,000000152

Cpen RPC Left I (pen RPC nghtl {Tnverse l Close I

Fig. 1. The interface of the executable software program for
3D feature extraction using stereo RPCs developed in
this study.
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Fig. 2. IKONOS stereo images of HaengDang-Dong, SeongDong-Ku, Seoul City. Four points(A, B, C, D} were selected from the
stereo images for the 3D object space coordinates estimation experiments.
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Table 1. Image coordinates of the selected target points for the experiments.

. Image coordinate in left scene Image coordinate in right scene
Target Point . :

Sample Line Sample Line

A 8210 3312 8214 3312

B 8184 3323 8219 3323

C 8210 3287 8210 3287

D 8181 3299 8213 3299
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Fig. 3. 1:1,000 scale topographic map of the target points area.
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Table 2. Map coordinates of the selected target points from
topographic map. Height values were estimated
from the contour fines.

Target

Map Coordinates (Bessel TM)

Point

X T Yy

Height

A

202689.6 450330.34

|wAN@NN--}

202667.36 450331.51
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Table 3. Extracted 3D coordinates of the selected target points by the proposed method.

i Extracted Object Space Coordinates (WGS84)
Target Point Latide Longitude Height RMS Exror
A 37.555254183 127.031287064 132.11 1.08E-7
B 37.555260595 127.031290125 78.35 9.46E-7
C 37.555269750 127.031017900 139.05 0.0
D 37.555256101 127.031022885 83.57 8.66E-7
Table 4. Extracted 3D coordinates of the selected target points in Bessel TM.
Targe't Extracted Coordinates(Bessel TM) g?;gr};g;sof;rshiélﬁgg Differences
Point X Y |z X Y AX AY
A 202694.67 '450331.44 109.66 202689.60 450330.34 5.07 1.10
B 202694.94 450332.15 55.90 202689.60 450330.34 5.34 1.81
A-B -0.27m -0.71m 53.76m - - -
C 202670.83 450333.16 116.60 202667.36 | 450331.51 347 1.65
D 202671.33 450331.65 61.12 20266736 | 450331.51 397 0.14
CD -0.5m 1.51m 55.48m - - N -
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X: 202667.36, Map
Y 450331.586, Coordinates in

Z: 56.0 Bessel TM
37,5552647711 Geographic

127.030877959 Coordinates in
78.4418308316 WGESs4

RPC Model RPC Model

Fig. 4. The RPC forward modeling for the investigation of relative accuracy
of RPCs and digital map. The calculated image coordinates dose
not indicate the coner edge of the building in the imagery.

Table 5. The RPC forward modeling results of the point D (X=202667.36, Y=450331.56, Z=56m).

Image Coordinates Calculated using RPC Extracted by Visual Interpretation Difference(pixels)

Sample L.eft Image 8177.44 8181 -3.56
Right Image 3296.21 3299 -2.79
Line Left Image 8212.40 8213 -0.60
Right Image 3296.17 3299 -2.83
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