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Abstract: To address the problem of limited field of view measurement in traditional monocular vision meas-
urement systems, we propose an omnidirectional spatial monocular vision measurement method based on a

two-degree-of-freedom rotary platform. First, the rotating axis parameters of the double-degree-of-freedom
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rotary platform are calibrated. Then, the pictures of the checkerboard calibration plate fixed with the two-de-
gree-of-freedom rotary platform are captured by using an auxiliary camera. Position coordinates of the check-
erboard corner points are extracted and converted to the same camera coordinate system. The direction vec-
tor of the rotating axis parameters in the initial position is obtained through PCA (principal component ana-
lysis) plane fitting, and the position parameter of the rotating axis parameters in the initial position is determ-
ined using the method of spatial least squares circle fitting. The camera data acquired at various angles is
transformed into the same coordinate system using the rotation angle of the rotary platform and the Rodrig-
ues formula. This enables measurement of the target in the horizontal and vertical omnidirectional space. Fi-
nally, the measurement accuracy of the proposed method is verified using a high-precision laser rangefinder.
Additionally, experiments comparing the omnidirectional spatial measurement ability of the proposed meth-
od with the binocular vision measurement system and wMPS measurement system are conducted. The res-
ults indicate that the method achieves a measurement accuracy comparable to that of a binocular vision sys-
tem. However, it also surpasses the binocular vision system in term of measurement range, making it applic-

able for omnidirectional spatial measurements.
Key words: two-degree-of-freedom rotary platform; monocular vision; omnidirectional spatial measurement;
indoor positioning
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Tab.1 Fitting of rotary platform parameters

Rotor parameters Experimental results/mm Error/mm

Direction of vector (-0.0161, 0.9998,-0.0110) 0.24

Rotor position (—45.0081, —121.0576, —24.8642) 0.54
Direction of vector

(—0.0347,-0.0171,-0.9993) 0.21

Rotor position (—20.4812,111.8834,75.6437) 0.43
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Fig. 10 Measurement accuracy verification experiments
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Tab.2 Comparison of measurement results

Laser The ranging method in this

Location ranging/mm paper/mm Error/mm
1 78.50 78.81 0.31
2 166.80 167.25 0.45
3 273.40 273.76 0.36
4 403.70 403.98 0.28
5 1424.50 1424.13 0.37
6 1501.80 1501.32 0.48
7 1612.30 161191 0.39
8 1740.60 1740.25 0.35
9 1871.40 1871.11 0.29
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Tab.3 Detailed parameters of the wMPS measure-

ment system

Content Parameter
Working distance 5~25m
10 m working area 0.25 mm
System measurement accuracy
39 m working area 0.50 mm
Frequency 30 Hz
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