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Analysis on 3D Positioning Precision Using Mobile Mapping
System Images in Photogrammetric Perspective

Woosug Cho* and Hyoun-Deok Hwang**

Department of Civil Engineering* - Geoinformatic Engineering**, Inha University

Abstract : In this paper, we experimentally investigated the precision of 3D positioning using 4S-Van
images in photogrammetric perspective. The 3D calibration target was built over building facade outside
and was captured separately by two CCD cameras installed in 4S-Van. After then, we determined the
interior orientation parameter for each CCD camera through self-calibration technique. With the interior
orientation parameter computed, the bundle adjustment was performed to obtain the exterior orientation
parameters simuitaneously for two CCD cameras using calibration target image and object coordinates.
The reverse lens distortion coefficients were computed and acquired by least squares method so as to
introduce lens distortion into epipolar line. It was shown that the reverse lens distortion coefficients could
transform image coordinates into lens distorted image coordinates within about 0.5 pixel. The proposed
semi-automatic matching scheme incorporated with lens distorted epipolar line was implemented with
scene images captured by 4S-Van in moving. The experimental results showed that the precision of 3D
positioning from 4S-Van images in photogrammetric perspective is within 2cm in the range of 20m from
the camera.
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Fig. 1. Hardware equipments installed in 4S-Van system.
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Table 1. IOP from self-calibration.

op Left Camera Right Camera
f(mm) 12.304422 12.263031
Xp{mm) 0.08612187 0.08238111
yp(mm) -0.10300317 0.0666648
k 0.01563345 0.01753838
ky -0.002447065 -0.004578136
k3 0.001258577 0.001875052
D1 -0.00001948121 0.0001138966
)23 0.000213876 0.0001612489
ay 0.0002881804 -0.0002056577
a -0.0009564119 -0.0007500529
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Fig. 6 Radial distortion curve.
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Table 3. Reverse lens distortion coefficients for right image.

Table 4. Accuracy of reverse lens distortion coefficients.

Reverse L Errors in right calibration target image
lens distortion coefficients Value for right image RMSE Max. Error | Min. Error
ki’ 0.017696267 x(pixel) +0.4306 0.9380 0.0004
k' -0.00549131 y(pixel) +£02377 0.6703 0.0019
k' 0.001869160
p 0000108875
Py 0000153067 HEAHLS o] L8 MAE A u Aol ThA B
“ P B4 A7 ARG Qe 3RS 3
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(c) Epipolar line drawn onto right target image with lens distortion

Fig. 11. Epipolar line drawn onto left target image.
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(a) Measured target in left scene image

(c) Epipolar line drawn onto right scene image with lens distortion

Fig. 12. Epipolar line drawn onto left scene imaga.
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(a) Left scene image

(b) Right scene image

Fig. 13. Matching result obtained by the proposed method.

(a) Left scene image (b) Right scene image

Fig. 14. Scene image with measurements for 3D positioning.
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Table 5. 3D positioning precision for 4S-Van scene image.

D |  Spixed Suem) Sy(cm) S(cm) Siyelcm) ;;’;‘::(ti)

1 0.12687 0.788 0.162 0.165 0821 12.97

2 0.09328 0.888 0.147 0.155 0913 1607

3 0.10642 2,042 0.470 0.104 2008 2261

4 0.11991 2299 0.562 0.116 2369 2258

5 0.18972 0.348 0.065 0.113 0372 6.870

6 0.29891 0.753 0.073 0227 0.790 8.110

7 0.23690 0.603 0.064 0.182 0.633 8.140

8 0.16525 0.045 0413 0.108 0.43 8.176

9 0.16635 0.042 0.42 0.11 0.436 8.204

10 0.11699 0.04 0555 0.106 0.566 1128

1 0.19933 0.503 2559 0315 2627 18.79

12 023188 0.568 3017 0369 3.092 1891

13 0.19937 0.396 1715 0218 1.774 15.04
2 779 coprplael e WRELLLE ) #2249
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