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Monocular visual positioning system with characteristic distortion
based on embedded GPU

CHEN Zepeng', LI Wenyong’, LAO Zijian', CHEN Yu', LI Jiaoyang',
WANG Jiahui', ZHENG Min"?
(1. School of Physics, Sun Yat-Sen University, Guangzhou 510275, China; 2. School of Basic Education, Lingnan
Normal University, Zhanjiang 524084, China; 3. School of Electronics and Information Engineering, Sun Yat-Sen
University, Guangzhou 510275, China)

Abstract: Visual positioning and navigation have a wide application prospect in logistics warehousing and
other fields, but traditional monocular vision is difficult to achieve accurate positioning. Although binocular
vision can achieve accurate positioning and navigation, the hardware cost is high and make vehicle to be bigger
size. Therefore, a monocular positioning technology based on feature deformation was proposed. In this
method, a single camera was used to record the distortion of features (ring patterns with encodings) laid on the
ground with an embedded graphics processing unit (GPU) which analyzed the distortion, and achieved end-to-

end monocular visual positioning. The embedded GPU recognized the encoded patterns of the feature ring
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through the deep-learning target detection algorithm for the images collected by the camera, and the

deformation information of the pattern object through traditional image processing was obtained. The

deformation information was input to a regression model trained by the extreme gradient boosting algorithm

(XGBoost) to predict the coordinates of the camera relative to the center of the pattern. At the same time,

combining the absolute coordinates of the feature ring, the indoor absolute coordinates of the camera were

finally calculated. The experimental results show that the average positioning error in the range of 2 mx2 m is

only 0.55 cm, which is one order of magnitude better than that reported in the literature. The algorithm has a

real-time performance with a positioning solution frame rate of 20 frames on the computer and 4 frames on the

embedded GPU.

Key words: embedded GPU; indoor positioning; deep learning; regression model; ring encoded patterns
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Fig. 1 Ring encoded pattern and schematic diagram of de-

coding (number 1 to 4 refers to position of camera)
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Table 1 Code type and camera orientation mapping
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Table2 Embedded device parameters

ARG IBE RPFIA S A7 555
Ubuntu 16.04  Python 3.5.2 NVIDIA Jetson TX 2 *
OpenCV 3.4.4 FiiZERTS0-9001254K
CUDA-9.0 B C27045HL, 3007714 &

A BAFIEH, A N8 G, MR E30 G,

S8 ML ARAE IR S A R — 2L
MEFS R 3,

®3 SEAERSH

Table 3 Experimental host parameters
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Ubuntu 18.04
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Fig. 6 Effect diagram of system operation (position/cm: ab-
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Fig. 7 Heat distribution diagram of absolute errors
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