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Accuracy Analysis of 3D Position of Close-range Photogrammetry
Using Direct Linear Transformation and Self-calibration Bundle
Adjustment with Additional Parameters
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Abstract

In this study, the 3D position coordinates were calculated for the targets using DLT and self-calibration bundle
adjustment with additional parameters in close-range photogrammetry. And then, the accuracy of the results were
analysed. For this purpose, the results of camera calibration and orientation parameters were calculated for each
images by performing reference surveying using total station though the composition of experimental conditions
attached numerous targets. To analyze the accuracy, 3D position coordinates were calculated for targets that has
been identically selected and compared with the reference coordinates obtained from a total station. For the image
coordinate measurement of the stereo images, we performed the ellipse fitting procedure for measuring the center
point of the circular target. And then, the results were utilized for the image coordinate for targets. As a results
from experiments, position coordinates calculated by the stereo images-based photogrammetry have resulted out the
deviation of less than an average 4mm within the maximum error range of less than about lcm. From this result,
it is expected that the stereo images-based photogrammetry would be used to field of various close-range
photogrammetry required for precise accuracy.
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Figure 4. Camera used in the study (MegaVideo® IP
camera, AV5105DN)

Table 1. AV5105DN camera specifications

Classification Value
Sensor Type CMOS sensor
Sensor Size 1/2.5"
Resolution 5.0MP
Frame Rate 9fps
Pixel Pitch 22um
Maximum Image Size 2592(H) X 1944(V)
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Table 2, The result of exterior

orientation parameters calculated by

DLT algorithm in the stereo images

Images Omega(rad) Phi(rad) Kappa(rad) XL(m) YL(m) ZL(m)
First image 1.5709 -0.1840 -0.0145 -0.9149 -1.1359 0.6796
Second image 1.5777 -0.1218 0.0099 0.4199 -1.2645 0.6849

Table 3. The result of exterior orientation parameters calculated by

bundle adjustment in the stereo images

Images Omega(rad) Phi(rad) Kappa(rad) XL(m) YL(m) ZL(m)
First image 1.5736 -0.1831 -0.0139 -0.9112 -1.1178 0.6852
Second image 1.5767 -0.1235 0.0097 0.4216 -1.2498 0.6847

Table 4. The result of interior orientation parameters calculated by bundle adjustment in the stereo images

Ima uc ve k1 k2 k3 pl p2 pixel size | pixel size
£es (pixel) | (pixel) | (mm-2) | (mm-4) | (mm-6) | (mm-1) | (mm-1) | (width) | (height)
o 2.8875 | -1.7808 | 3.7700 5.1128 | -6.0458
First image -2.2341 7.2037 E-09 E-15 B2 E-08 E-07 2592 1944
. 3.4363 | -2.5436 | 5.5782 | -9.4114 1.3499
Second image | 0.5037 -1.1615 E-09 E-15 E-22 E-08 E-07 2592 1944
Table 5. Comparison of exterior orientation parameters based on DLT and bundle adjustment
Images Type Omega(rad) Phi(rad) Kappa(rad) XL(m) YL(m) ZL(m)
DLT(A) 1.5709 -0.1840 -0.0145 -0.9149 -1.1359 0.6796
st bundle 15736 -0.1831 -0.0139 09112 11178 0.6852
image adjustment(B)
(A) - (B) -0.0027 -0.0009 -0.0006 -0.0037 -0.0181 -0.0056
DLT(A) 1.5777 -0.1218 0.0099 0.4199 -1.2645 0.6849
Second bundle 15767 -0.1235 0.0097 04216 -1.2498 0.6847
image adjustment(B)
(A) - (B) 0.0010 0.0017 0.0002 -0.0017 -0.0147 0.0002
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Figure 8. Convergence tendencies of (Xi, Yi, Zr) by bundle adjustment in the first image
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Table 6. Comparison of 3D position coordinates of conjugate points using the stereo images and total station

measurements
3D position coordinates of 3D position coordinates of
Conjugate |conjugate points calculated bundle|conjugate points measured by the (A) - (B)
point(ID) |adjustment in the stereo images(A) total station(B)

X(m) Y (m) Z(m) X(m) Y(m) Z(m) X(mm) Y (mm) Z(mm)
1 0.9609 5.5453 2.0759 0.9614 5.5500 2.0772 -0.494 -4.685 -1.344
2 0.9581 5.5410 1.5783 0.9579 5.5382 1.5784 0.154 2.797 -0.153
3 0.9572 5.5412 1.0765 0.9571 5.5414 1.0768 0.137 -0.138 -0.352
4 0.9570 5.5590 0.5612 0.9571 5.5535 0.5614 -0.102 5.460 -0.137
5 0.9545 5.5496 0.0553 0.9544 5.5501 0.0551 0.133 -0.476 0.160
6 0.4924 5.6375 2.5703 0.4925 5.6403 2.5709 -0.179 -2.834 -0.581
7 0.4931 5.6290 2.0632 0.4930 5.6298 2.0637 0.091 -0.792 -0.432
8 0.4884 5.6175 1.5738 0.4876 5.6181 1.5743 0.777 -0.599 -0.488
9 0.4897 5.6260 1.0601 0.4898 5.6234 1.0602 -0.159 2.557 -0.144
10 0.4943 5.6116 0.5466 0.4919 5.6214 0.5464 2.408 -9.749 0.177
11 0.4893 5.6320 0.0549 0.4882 5.6316 0.0549 1.058 0.408 0.041
12 0.0710 5.3796 2.5790 0.0709 5.3788 2.5783 0.132 0.801 0.678
13 0.0693 5.3738 2.0671 0.0695 5.3738 2.0672 -0.173 -0.080 -0.051
14 0.0707 5.3761 1.5687 0.0704 5.3739 1.5686 0.334 2.261 0.091
15 0.0600 5.3677 1.0684 0.0585 5.3621 1.0682 1.499 5.686 0.222

&2A AXRS B9 AR AL AR U-ei Table 7. Statistical indicators of the deviation
xHan 75311“— 8510 Flg 504 A3k 15399 Statistical X-axis Y-axis Z-axis
THH] i3t 321 YRHES ALkl ol2 ¢ Indicator (mm) (mm) (mm)
o) Fig. SOl FoRIoR Hae el dhet AL Maximum 1 458 | ses6 | 0.678
wo} 7t Jake] BAATE FAR70 tielsled, & Deviation
7o) BHRANE st el et 3549 91K DI 0494 | 0749 | o134
RS FaAFHS o ARSI A
verage 0.375 0.041 -0.154

Table 62 Fig. 5014 FaF oz AH% Ao 33} Deviation ) ] '
) Ho} AAF o7 Faw = 3t EEF
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