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Three-dimensional Human Tracking by a Mobile Robot via Skeleton Extraction from Two Cameras
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[ Compare the color histogram to the template

T
[ Recognize the region as a target to track

[ Update the template ]

[ Measure the distance to the tracked target ]

( Robot control ]

Fig.1 Flow chart of human tracking

Fig.2  Detection of human using OpenPose
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Fig.3 Histogram generation for template image: (a) detection of

raised hands (b) template image (c) color histogram
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Fig.4  Detection and separation of human region
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Fig.5 Examples of points used for distance calculation: (a) left

camera image (b) right camera image

Constant distance
Fig.6 Conceptual diagram of target tracking with a mobile robot
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Fig.8 Tracking return function using template matching
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Fig.9 Skeleton points used to estimate body orientation
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Fig.10 Experimental equipment
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Fig.11 A frame that failed to track a person using the method without a
return function



Fig.12 A frame that succeeded in returning to track a person with
the proposed method

Table 1 Success rate of target tracking in experiment 1

Without return function | With return function
Total number of frames 164 164
Number of tracking failure frames 11 11
Number of tracking return frames - 11
Number of successful tracking frames 153 164
Tracking success rate % 93.3 100

Distance between tracked person and robot
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Fig.13 Distance between tracked person and mobile robot

Fig.14 A frame that succeeded in returning to track a person with
the proposed method

Table 2 Success rate of target tracking in experiment 2

Proposed method
Total number of frames 381
Number of tracking failure frames 32
Number of tracking return frames 29
Number of successful tracking frames 378
Tracking success rate % 99.2
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Fig.15 Camera images before turning the corner

Fig.17 Autonomous driving of mobile robots at a corner

6. #Eim

AL T, 2B0H AT ERHNTBRERMHIZL 5 3 KT
ANPBHES 2T AERE L, BUMEIRHEEE & #h2Y 0 MA B0
HEZHHT 2 2 & CHEBAR AR E R L. 4%1F, R
DETOFBAMNIANDERDOEE L Z TV &0 9 BRI
*tU, Hh23 0 % #7232 B0 A BRI #R 2 O e A5k
THEERYD AND Z & CEWREOM L2 BT

S5 3 HR

[1] C. Hu, X. Ma, and X. Dai, “A Robust Person Tracking and
Following Approach for Mobile Robot,” Proc. of the 2007
IEEE Int. Conf. on Mechatronics and Automation, 2007.

[2] Y. Isobe, G. Masuyama, K. Umeda, “Occlusion handling for
a target-tracking robot with a stereo camera”, Robomech
Journal, pp.1-13, 5.1, 2018.

[3] &% B, #H M, “ B0 IATORNT X7
DB L H5BE R ARy D3RI AWBH, 0 R T ¢
7 A AH b= AGEHEEZ, 1A1-M09, 2018.

[4] Z. Cao, T. Simon, S. Wei, Y. Sheikh, “Realtime Multi-Person
2D Pose Estimation using Part Affinity Fields,” Proc.of 2017
IEEE conference on computer vision and pattern recognition,
pp.7291-7299, 2017.



