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Fig. 1 The workflow of self-calibration for UAV images
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HECR) EECK) BT RRECR)
Bim ANRE X Y Z X Y Z X Y Z

Brown 0.004 -0.001  0.174 0.011 0.036 0.037 | 0.012 0.036 0.178

Poly7 0.008 0.018 2.456 0.018 0.050 0.032 | 0.020 0.0563 2.456

%% Legendre -0.006  -0.002  0.829 0.026 0.082 0.032 | 0.027 0.082 0.830

il i Fourier 0.001 0.000 0.755 0.013 0.054 0.032 | 0.013 0.054 0.755

X Jacobi-Four | -0.001  0.003 0.481 0.020 0.040 0.032 | 0.020 0.040 0.482

- Brown 0.011 0.002 -0.348 | 0.014 0.018 0.022 | 0.018 0.018 0.349

Poly7 0.004 0.001 0.084 0.012 0.028 0.025 | 0.012 0.028 0.088

;// Legendre 0.003 -0.000 -0.061 | 0.012 0.030 0.026 | 0.012 0.030 0.066

” | Fourier 0.010 0.007 0.054 0.013 0.013 0.018 | 0.016 0.015 0.057

Jacobi-Four | 0.019 0.007 0.031 0.020 0.014 0.022 | 0.028 0.015 0.038

Brown -0.018  0.028 0.753 0.030 0.025 0.036 | 0.035 0.037 0.754

Poly7 0.001 0.014 0.240 0.022 0.032 0.028 | 0.022 0.035 0.242

;{i Legendre -0.018  0.027 0.223 0.033 0.027 0.033 | 0.038 0.038 0.226

il Fourier 0.000 0.004 0.208 0.022 0.035 0.028 | 0.022 0.035 0.210

X Jacobi-Four | -0.011  0.024 0.104 0.023 0.025 0.029 | 0.026 0.035 0.108

_ Brown 0.016 -0.006  -1.259 | 0.012 0.012 0.041 | 0.020 0.013 1.260

o Poly7 0.004 0.003 0.058 0.016 0.012 0.018 | 0.017 0.012 0.061

S; Legendre 0.003 0.004 0.125 0.017 0.012 0.018 | 0.017 0.013 0.127

i Fourier 0.005 0.005 0.098 0.014 0.012 0.015 | 0.013 0.013 0.099

Jacobi-Four | 0.022 0.003 -0.724 | 0.016 0.012 0.035 | 0.027 0.013 0.725
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Fig. 4 The residuals of check points after self-calibration for test site 1
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Fig. 5 The residuals of check points after self-calibration for test site 2
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Fig. 6 The coordinate offsets between image projection center and DGNSS for test sites
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Tab. 3 Statistical results of self-calibration for different software without GCP constraint

BMECK) FHEZE CK) BIHFWIRECK)

LS AR X Y Z X Y Y4 X Y Y4
MicMac | -0.007 -0.023  0.301 | 0.017 0.125 0.095 | 0.019 0.127 0.315

- i | Pixad -0.012 -0.024 -1.266 |0.020 0.066 0.088 |0.024 0.070 1.269
- AXEE | -0001  0.003 0481 | 0.020 0.040 0.032 | 0.020 0.040 0.482
B MicMac | -0.029 -0.050 -0.075 |0.013 0.155 0.157 | 0.031 0.163 0.174
S | Pix4d 0.021  0.013 0360 |0.017 0.016 0.029 |0.027 0.021 0.362
ASCHEY: 10019 0.007  0.031 |0.020 0.014 0.022 | 0.028 0.015 0.038

MicMac | -0.016 0.047 0.716 |0.037 0.043 0.056 | 0.041 0.064 0.718

5 i | Pixad 0.008  -0.013 -0.847 |0.025 0.048 0.037 |0.026 0.050 0.848
[i ASCEV: | -0011 0024  0.104 | 0.023 0.025 0.029 | 0.026 0.035 0.108
B MicMac | 0.056  -0.023  -1.425 |0.076 0.021 0.108 | 0.095 0.031 1.429
| s | Pixdd 0.011  0.005 -0.111 |0.013 0.023 0.025 | 0.018 0.023 0.113
AV 10022 0003 -0.724 | 0.016 0.012 0.035 | 0.027 0.013 0.725
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Fig. 7 The coordinate offsets between image projection center and DGNSS with different software
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Tab. 4 Statistical results of self-calibration for different software with one GCP constraint

“F-151E (m) PRUEZE (m) W RiRZE(m)
HiE | ARG &
X Y Z X Y Z X Y Z
meo|sE Brown -0.005 0.003 0.016 0.011 0.036 0.040 | 0.012 0.036 0.043
X | E Poly7 -0.007 -0.005 0.002 0.022 0.051 0.056 | 0.023 0.051 0.056
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- Legendre -0.012 0.002 -0.015 0.023 0.041 0.046 | 0.026 0.041 0.049
Fourier -0.009 -0.006 0.002 0.018 0.051 0.052 | 0.021 0.051 0.052
Jacobi-Four | 0.000 0.000 0.016 0.021 0.041 0.038 | 0.021 0.041 0.042
MicMac 0.020 -0.081 0.169 0.019 0.200 0.119 | 0.027 0.216 0.207
Pix4d 0.018 -0.019 0.018 0.020 0.073 0.083 | 0.027 0.076 0.085
Brown -0.011 -0.001 -0.014 0.014 0.018 0.022 | 0.018 0.018 0.026
Poly7 -0.014 0.007 -0.026 0.014 0.022 0.022 | 0.020 0.023 0.034
Legendre -0.012 0.004 -0.015 0.013 0.014 0.016 | 0.018 0.015 0.022
S§ Fourier -0.013 0.003 -0.016 0.014 0.015 0.017 | 0.019 0.015 0.023
g Jacobi-Four | -0.019 -0.004 -0.024 0.017 0.016 0.019 | 0.026 0.016 0.030
MicMac 0.017 -0.029 0.164 0.017 0.044 0.142 | 0.024 0.053 0.217
Pix4d 0.020 0.013 0.034 0.019 0.017 0.027 | 0.027 0.022 0.043
Brown 0.018 -0.027 0.005 0.030 0.026 0.029 | 0.035 0.038 0.029
Poly7 0.004 0.023 0.033 0.021 0.029 0.026 | 0.021 0.037 0.042
Legendre 0.018 0.026 0.043 0.027 0.027 0.028 | 0.033 0.038 0.052
;E Fourier 0.015 0.018 0.036 0.026 0.026 0.029 | 0.030 0.032 0.046
4 Jacobi-Four | 0.012 -0.024 0.003 0.024 0.026 0.028 | 0.027 0.035 0.028
il MicMac 0.154 -0.071 0.016 0.214 0.067 0.105 | 0.264 0.098 0.106
X Pix4d 0.005 -0.010 -0.023 0.023 0.048 0.033 | 0.024 0.049 0.040
B Brown -0.018 0.007 0.024 0.014 0.013 0.017 | 0.023 0.015 0.029
o Poly7 -0.002 -0.003 -0.010 0.018 0.012 0.019 | 0.018 0.013 0.022
Legendre -0.002 -0.004 -0.012 0.018 0.012 0.020 | 0.018 0.013 0.023
;// Fourier -0.019 -0.005 -0.026 0.016 0012 0.024 | 0.024 0.013 0.036
g Jacobi-Four | -0.023 -0.002 0.005 0.018 0.013 0.019 | 0.029 0.013 0.019
MicMac -0.283 0.057 0.022 0.381 0.053 0.190 | 0475 0.078 0.191
Pix4d 0.012 0.017 -0.017 0.013 0.021 0.024 | 0.017 0.027 0.030

3. B4
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GNSS Constrained Self-Calibration for Long Corridor UAV Image

HUANG Wei %, JIANG San 2, LIU Xianzheng *, JIANG Wanshou **

1. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing,
Wuhan University, Wuhan, 430072, China; 2. School of Computer Science, China University of
Geosciences, Wuhan 430074, China; 3. Chongging Xinrong Land Housing Survey Technology Institute
Co. Ltd., Chongging 401120, China; 4. Collaborative Innovation Center of Geospatial Technology,
Wuhan University, Wuhan, 430072, Ching;

Abstract: Objectives Camera self-calibration determines the precision of UAV (Unmanned Aerial
Vehicle) image AT (Aerial Triangulation). The UAV images collected from long transmission line
corridors are critical configurations, which may lead to the “bowl effect” with camera
self-calibration. To solve such problems, traditional methods rely on more than three GCPs
(Ground Control Points), while this study designs a new self-calibration method with only one
GCP. Methods First, two categories camera distortion models, i.e., physical and mathematical
model, are studies in details. Second, within an incremental SfM (Structure from Motion)
framework, a camera self-calibration method is designed, which combines the strategies for
initializing camera distortion parameters and fusing high-precision GNSS (Global Navigation
Satellite System) observations. Results The proposed algorithm is verified by using four UAV
15



datasets collected from two sites based on two data acquisition modes. The experimental results
show that the proposed method can dramatically alleviate the “bowl effect” and improve the
accuracy of AT, and the horizontal and vertical accuracy reach 0.06 m, respectively, when using
one GCP. Conclusions Compared with open-source and commercial software, the proposed
method achieves competitive or better performance.

Key words: camera self-calibration; UAV image; mathematical model; incremental SfM; DGNSS
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