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Fig.1 Schematic diagram of monocular attitude measurement
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Horizontal reference plane

P 3 {3t A B B A G 2R

Fig.3 Relationship between output angle of inclinometer and euler angle
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Fig.5 Experimental device diagram
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Fig.6 A partial checkerboard image collected
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Fig.7 Calibration error line chart of pitch angle and roll angle
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xR 2 E-10°MHE BRI ES AN EEHE
Tab.2 Checkerboard attitude angle measurements near —10°
Measured value/(°) True value/(°) Measurement error/(°) Relative error
Number
Pitch Roll Pitch Roll Pitch Roll Pitch Roll
1 -9.95 -11.34 -10.09 —11.06 0.14 -0.28 -1.39% 2.55%
2 —-10.10 -11.35 -10.10 —11.06 —0.004 -0.28 0.41% 2.56%
3 —-10.02 -11.32 -10.09 —11.06 0.07 -0.25 —0.69% 2.30%
4 -9.95 —11.42 —-10.09 —11.06 0.14 —-0.35 -1.41% 3.19%
5 -10.12 -11.28 -10.09 —11.06 -0.012 -0.22 0.14% 1.98%
6 —10.04 —11.38 —-10.09 —11.06 0.05 -0.32 -0.51% 2.85%
7 -9.92 —11.31 —-10.09 —11.06 0.17 -0.24 —1.68% 2.21%
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Fig.9 (a) The measured value and true value of pitch angle; (b) Measured value and true value of roll angle
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Fig.10 (a) Pitch angle measurement error line chart; (b) Roll angle measurement error line chart; (c) Pitch angle measurement relative error line chart;

(d) Roll angle measurement relative error line chart

The relationship between measuring distance
and inclination error
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Fig.11 The line chart of measured distance and two inclination errors

A

4 & ¢

WFoE T — S+ 4k = ah 85| 509 5 H A6
23 (A 2 1 7 3, VRN 1 2R HARMIL . RS %5 — 4
B G = Z R LA I AL AR, A7 %t
PR 58 BT B B S 06 S0k LA K 5 B S 9 9 3
LI LE IR, 7E R G S AL bR R T, AR A
4N 158 2 < 0.82°, TN AH X 1R 22 <6.1%; HoAA VR £f)
4000 5 2 < 0.43°, Il 5t FH X 15 25 <3.4%, ¥ 28 BTiE
TIrERAARNE, RS8R A Iy B 0 B4 B 5 T
RS — L RAM G . SO B T8k A &1t
25 £ N P 28R oy S5 1A 88 S IS AR ) DX 338 Xof 2 14 7 %
DUt RO 2 Ak T, RR S F 45 L R O SEA

20211026-9

PRI TR AR X e g A Ak /ML
FESF R EORBE RS &

S 3k

(1]

(2]

(3]

(4]

(3]

(6]

(7]

Xie Zexiao, Han Zhenhua, Gao Xiang. Key technologies of
monocular vision measurement system with light pen [J].
Chinese Optics, 2013, 6(5): 780-787. (in Chinese)

Zhang Huijuan, Xiong Zhi, Lao Dabao, et al. Monocular vision
measurement system based on EPNP algorithm [J]. Infirared and
Laser Engineering, 2019, 48(5): 0517005. (in Chinese)

Zhang Z, Zhang Y, Cao Y. Monocular vision-based obstacle
avoidance for unmanned aerial

trajectory  planning

vehicles[C]//2020 International ~Conference on Unmanned
Aircraft Systems (ICUAS). Athens, GREECE: IEEE, 2020: 627-
632.

Sun Senzhen, Feng Qigiang, Wang Li. Indoor positioning based
on visible light communication and binocular vision [J]. Optics
and Precision Engineering, 2020, 28(4): 834-843. (in Chinese)
Chen Renhong, Liang Jin, Ye Meitu, et al. Visual method for
measuring forming limit curve of pliable composite film [J].
Chinese Optics, 2022, 15(1): 22-33. (in Chinese)

Yue Liging, Jia Xin, Miao Yang, et al. High precision calibration
for internal and external parameter of manipulator binocular
vision system [J]. Infirared and Laser Engineering, 2021, 50(9):
20200525. (in Chinese)

Qiao Yujing, Jia Baoming, Jiang Jingang, et al. Networking
method of multi-view stereo-vision measurement network [J].
Infrared and Laser Engineering, 2020, 49(7): 20190492. (in
Chinese)


https://doi.org/10.3788/CO.20130605.0780
https://doi.org/10.3788/IRLA201948.0517005
https://doi.org/10.3788/IRLA201948.0517005
https://doi.org/10.3788/OPE.20202804.0834
https://doi.org/10.3788/OPE.20202804.0834
https://doi.org/10.37188/CO.2021-0101
https://doi.org/10.3788/IRLA20200525
https://doi.org/10.3788/IRLA20190492

ISk A2

% 2 www.irla.cn % 53 A
[8] Li Yunlei, Zhang Xi. Probe-based multi-view field 3D vision 2019. (in Chinese)
measurement system based on three-dimensional orientation [12] Liu Yang, Xie Zongwu, Liu Hong. Three-line structured light
target [J]. Optics and Precision Engineering, 2019, 27(1): 34- vision system for non-cooperative satellites in proximity

[10]

[11]

44. (in Chinese)

Xu Lingzhi, Fu Qingwei, Tao Wei, et al. Pose estimation of 1494-1504.
monocular vehicle based on 3D model [J]. Optical Precision

Engineering, 2021, 29(6): 1346-1355. (in Chinese)

Xue Wei, Chen Zhiming, Wu Yunhua, et al. Attitude

[13] Wang Qiyue, Wang Zhongyu. Position and pose measurement of

spacecraft based on monocular vision [J]. Journal of Applied

Optics, 2017, 38(2): 250-255. (in Chinese)
measurement method of three-axis air floating platform based on

[14] Hesch J A , Roumeliotis S I. A direct least-squares (DLS)

monocular vision [J]. Optical Technology, 2021, 47(6): 658-

665. (in Chinese)

Zhang Zhuang. Reconstruction and pose measurement of non- Vision, Barcelona, SPAIN: IEEE ICCV, 2011: 383-390.

cooperative target based on active and passive fusion[D]. [15] Zhang Z. A flexible new technique for camera calibration [J].
Beijing: University of Chinese Academy of Sciences (Institute of IEEE Transactions on Pattern Analysis and Machine
Optoelectronic Technology, Chinese Academy of Sciences), Intelligence, 2000, 22(11): 1330-1334.

Monocular spatial attitude measurement method guided by two

dimensional active pose

Liu Feng', Guo Yinghua', Wang Lin'", Gao Peipei’, Zhang Yuetong'

(1. State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China;

2. College of Computer Science, Nankai University, Tianjin 300071, China)

Abstract:

Objective Monocular vision measurement technology has the advantages of simple structure, low cost,
convenient and flexible operation, and there are two types of monocular vision measurement technology in
general. One is the combination of monocular camera and measured object, but it needs to design a suitable
cooperative target, which has certain limitations. The other is the combination of monocular camera and active
sensor, but the adjustment or calibration process of the pose relationship between the camera and the active sensor
is more complicated. Aiming at how to quickly measure the pose of space objects, this paper studies a monocular
visual spatial pose measurement method based on two-dimensional active pose guidance. This method only
requires a camera and a precision two-dimensional carrier to collect one image before and after the carrier rotates,
which can complete the rapid attitude measurement of space objects. The attitude measurement method has the

advantages of low cost, simple operation and large measuring range, which is less dependent on equipment.

Methods A monocular attitude measurement system composed of monocular camera, precision two-
dimensional platform and measured object is established. And an attitude measurement model of monocular
camera, precision two-dimensional platform and tilt meter is designed. A precision checkerboard image and two
angles of the two-dimensional platform under different image positions were taken by the camera for multiple
times to carry out joint visual calibration of the camera and the two-dimensional platform (Fig.2). The pose
relationship between the camera and the platform was obtained, and the pose relationship between the
checkerboard and the initial camera coordinate system was calculated. Based on the coordinate system of the

geodetic inclinometer, the pose relationship between the inclinometer and the attitude measuring system was
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calibrated according to the coordinate system relationship between the inclinometer and the checker (Fig.3), and
the measured values were converted to the coordinate system of the inclinometer, realizing the rapid measurement

of monocular vision.

Results and Discussions A monocular visual spatial pose measurement method based on 2D active pose
guidance is studied. Through the acquisition of precision checkerboard images for many times, the pose
relationship between the camera and the two-dimensional platform, the inclinometer and the measuring attitude
system was obtained, and the calibration errors of pitch angle and roll angle were both < 0.31° (Fig.7). Taking the
checkerboard as the measured object, combined with the calibrated parameters, the measurement error is the
largest when the pitch angle is about 15°, and the measurement error is 0.82°. When the roll angle is about —15°,

the maximum measurement error is —0.43° (Fig.10).

Conclusions In this paper, a monocular visual spatial pose measurement method based on 2D active pose
guidance is studied, and the attitude measurement model of monocular camera, precision 2D pedestal and
inclinometer is established. This method uses only one camera, and does not need to consider the baseline
distance under binocular setting. Moreover, this method can realize the rapid measurement of the object's attitude
after calibration, and realize the measurement of the object's attitude under fixed-axis dual-angle photography.
The experimental results show that the proposed method can be used to measure the attitude of space objects
quickly.

Key words: visual measurement;  attitude measurement;  monocular vision;  two-dimensional load
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