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Table 1  The 3D coordinates of the marking points of the calibration field (mm)

- A pR s A pR s A pR
X Y z X Y z X Y z
1 —45716 12 750 21 786 12 —45 569 55 818 28 047 23 —46 266 40 913 12 424
2 —45719 12750 18 568 13 —45303 55794 20 535 24 —46 214 41127 15 991
3 —45719 12 746 15 367 14 —46 727 55738 19 033 25  —46 682 49 290 15 838
4 —45709 12 741 12 164 15 —46 745 55 746 15 834 26 —46 727 52 160 12 631
5 —52 276 10 876 27 209 16 —46 735 55 745 12 628 27 —46 672 49 295 19 020
6 —45031 16 368 25 001 17 —46 859 47 158 13 615 28  —46 680 49 285 22 185
7 —45 089 27 659 24 993 18 —46 266 49 043 9 736 29  —46 244 42 229 22 898
8 —45126 34 838 24 986 19 —46 259 34 851 9592 30 —46 234 38 988 23 046
9 —45 159 42 055 25 007 20  —46 525 19 740 9 148 31 —46 103 29 965 23 081
10 —45200 49 262 25 025 21 —46 542 19738 5 899 32 —46 129 26 863 22 880
11 —43 744 52 985 30 313 22 —46 281 48 676 12 619 33  —45751 16 370 23 632
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Table 2 Calibration results of the digital camera
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Table 3  Errors of the marking point coordinates when using and not using the

calibration parameters (mm)

A PG A 2 B A ARG A A AR A 15 22

AN PRI A 2 0 A A i A B R 2

HE AX AY AZ  JAXTTAXITAZT AX AY AZ  JAXTTAXITAZT
25 16.1 —0.7 52.7 55.1 —80.7 —39.4 —81.9 121.6
26 13.5 27.4 62.1 69. 2 —168.7 —65.8 —137.9 227.6
27 20. 6 —4.9 79.0 81.7 —85.9 —27.1 —103.3 137.1
31 —32.5 —33.5 154.7 161.6 —32.2 —25.1 288.0 290.9
32 —35.7 —33.9 105.6 116.5 —42.3 —17.0 348. 4 351.3
33 —54.3 —48. 6 20.0 75.6 —96.0 7.9 772.1 778.1
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Table 4 Errors of control points coordinates when using and

not using the calibration parameters (mm)

- i G185 B0 Ak n 1R 22 ARG 1 2 50000 A bR iR 22
e AX AY AX AY
4 0.14 —0.22 0.52 —0. 40
7 —0.42 —0.15 —0.63 0.03
16 —0.07 —0.02 —0.08 0.15
21 0.13 0. 05 —0.16 0.16
32 0.08 0.27 —0.12 0.58
39 0. 20 —0.03 0.03 0.22
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Non-Metric Digital Camera Calibration Based on
3D Direct Linear Transformation

DENG Cai-long' , LIU Yan-xiong’, MA De-ming’, PENG Lin*,
WANG Peng’ , SUN Gen-yun®
(1. School of Remote Sensing and Information Engineering Wuhan University »
Wuhan 430079, China; 2. The First Institute of Oceanography»SOA, Qingdao 266061, China;
3. School of Geosciences» China University of Petroleum » Qingdao 266580, China)

Abstract: The application of low-altitude UAV remote sensing system is rapidly increas-
ing, and the sensor mounted on UAV is commonly a non-metric digital camera. To en-
sure the measurement accuracy, the camera must be calibrated in order to determine in-
terior orientation elements and distortion coefficient. A set of software is developed for
calibrating the non-metric digital camera based on the Direct Linear Transformation
(DLT) used in the outdoor 3D calibration field. This software has the function of calcu-
lating camera calibration parameters and object space coordinates. We have tried to
process the data measured in the outdoor 3D calibration field and the UAV aerial data of
an island by and not by using the camera calibration parameters respectively. The re-
sults show that by using the calibration parameters better measurement accuracy can be
obtained, indicating that this camera calibration software thus developed is correct and
feasible and the calibration of non-metric digital camera is realizable.

Key words: DLT; distortion coefficient; interior orientation elements; digital camera

calibration; calibration field



