5050 & 5 5 OB e R CfF &R a2 i) Vol.50 No.5
20254 5 J Geomatics and Information Science of Wuhan University May 2025

SIscAg s it 1 I RV A5 1) PTZ A HLALIE % iz 3y (1 2 s 2R 508 1) D7 15 (7] DU 24 4 O BB R0 L 2025, 50
] (5):949-958.DOI:10.13203/j.whugis20220712
: Citation: YANG Hong, XIAO Teng, WU Linghui, et al. Global Image Orientation Method for PTZ Camera with Pure Rotation
" [J].Geomatics and Information Science of Wuhan University, 2025, 50(5):949-958.DO1:10.13203/j.whugis20220712

ifii 6] PTZ A HLEL e 5% 38 g 1 45 Jsy A A%
€ 1] J5 4
WO O B RxE o

1 KA 220 WA 2L, 430079
2 WAL Tl RSB WAL R, 430068
3 ECR PR BRHE B AT R W) idE 2RI, 430074

i  ZE:Pan-tilt-zoom(PTZ)AA MA@ T e RS Sk A RA E RN ) 2B A TRZZA T, 4T ELEPTZA
WL 4 7 e i B A 13 3 ik A 45 M (structure from motion, SIM) 7 & A /& 15 B R B Bl A8, % 4 B X SIM 89 & 3% 32 4
—F @@ PTZAAM ek E s e YRR a7k, B8, RAFSBARITNES HHFBROGAFTELE;RE, A
BT AR RIS B GG T A LT RE A ALD T 5K ETFERLNFTETF A FTIL AT F
15 F A Fo BT B0 I RO 3L o R T SRANILA SIM 75 k09 R 2, W) R I PTZ AL sh sk b mb ey AL 2 @ £ 5
B AT @ AR SR e E R G R e AR AR LB, AT R SE R B TR T PTZAAALH AR 09y, *F
F % ErkABAL A @ ABAUF IR & R E 69 Lhoak 2 AR R T v R AL AL A B R
KGR A A XIEHIRALLEM; BT 0 PTZAN; bt s HAL ;8 Rk T £ ;4 @ 4R

FESES . P237 XERFRIRAD : A %5 B #5:2023-04-23
DOI:10.13203/j.whugis20220712 XEHS1671-8860(2025)05-0949-10

Global Image Orientation Method for PTZ Camera with Pure Rotation

YANG Hong' XIAO Teng®® WU Linghui' DENG Fei '’

1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 School of Computer Science, Hubei University of Technology, Wuhan 430068, China
3 Wuhan Tianjihang Information Technology Co. L.td, Wuhan 430074, China

Abstract: Objectives: Pan—tilt-zoom (PTZ) camera is widely used in surveillance systems due to its wide
field of view and high resolution. The camera mounted on the gimbal can only make pure rotation motion
around the optical center. The optical center overlap of images makes it impossible to use existing structure
from motion (SfM) methods for purely rotated images orientation. In order to estimate the elements of inte-
rior and exterior orientations in the free net of a set of PTZ camera images with pure rotation, a global im-
age orientation method for PTZ camera with pure rotation was proposed, which motivated by the idea of
the global SIM. Methods: Compared with the general SfM method, the similarities are feature extraction
and feature matching, and the differences are interior orientation, exterior orientation and bundle adjust-
ment. First, partial image pairs are selected for inner orientation to estimate the elements of interior orienta-
tion. Then, global exterior orientation was implemented for all images, and the elements of exterior orienta-
tion were estimated. Finally, the elements of interior and exterior orientations are optimized by bundle ad-
justment with no object 3D point. Results: Experiment results on simulation data and real data prove the
feasibility and accuracy of the proposed method. In the simulation data experiment, the maximum error of

the focal length and the principal point is 3.321 pixel, and most of the errors are less than 1 pixel. The maxi-
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mum rotation errors of the four datasets are 0.116°, 0.320°, 0.103", 0.125°, respectively. In the real data ex-

periment, the maximum reprojection errors of the checkpoints are 4.919 pixel and 4.758 pixel for the two

datasets, respectively.Conclusions: Compared with the existing global SIM method, the proposed method

can successfully orient the images of PTZ camera with pure rotation. In addition, compared with other com-

mercial software, the exterior orientation accuracy of the proposed method is higher, and it also has the ad-

vantage of computational efficiency. The method presented is not limited to PTZ camera images, and it has

universality for other purely rotated images orientation problems.

Key words: global structure from motion (SfM); image orientation; pan—tilt—zoom (PTZ) camera; pure ro-

tation image; bundle adjustment; omnidirectional camera
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Fig. 2 Influence of Deviation Between Focal Initial Value and True Value on Rotation Accuracy
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Table 1 Results of Optimization Within the Selected Image Pairs of Simulation Data
" R AL SE WAL JC R 1% 2%
Y5 AR . ) - - -
WRE/MER a/BFH JNEEES p/1BFR ky ky by

I B 156 1500.000 0.525 0.813 1.003 0.000 0.048 0.011

B3 96 0.000 1.310 0.815 1.285 0.007 0.026 0.022

Wil 66 0.000 1.830 0.882 0.770 0.023 0.255 0.019

Wi 2 240 600.000 7.640 5.653 4.009 0.025 0.112 0.020
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Table 2 Comparison of Computation Time and Accuracy of Orientation Elements
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Table 3 Comparison of Orientation Results of Real Data

mR o wis o B S S 1 e S S
H/M4%

. A ] 45 21 3200 2 815.940 1292.710 748.349  —0.189 0.042  0.000

27 b 66 (Rt REESIEEAE — 2810.140 1287.390 745.674  —0.195 —0.088  0.000
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PhotoScan V#5454 — 2103.640 958.798 569.203  —0.189 0.154  0.000
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Fig. 6 Panoramic Stitching Result and Control Points Distribution of Real Data
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