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Estimation of gesture pointing for human-robot interaction

Chen Renjun',Fei Minrui"?, Yang Aolei'”
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2. Shanghai Key Laboratory of Power Station Automation Technology, Shanghai University, Shanghai 200444, China)

Abstract: To solve the problem of interaction between robot and human in the human-robot integration environment, this article proposes
an estimation method of gesture pointing for human-robot interaction scenes by pointing gesture to achieve the information interaction
between the robot and the target point on the workplane. First, based on the RGB-D camera and the human motion capture system
VICON, a time-synchronized visual pointing gesture position dataset is established. Each sample contains the RGB-D image of the
pointing gesture and the true value of the pointing gesture pose. Secondly, a multi-level neural network model is formulated for estimating
pointing gesture pose by combining semantic and geometric information. Thirdly, a ray approximation loss function is designed, which
combines the position errorAP and direction angle error Af. The pointing gesture pose estimation model is trained based on the
constructed dataset. Finally, human-robot interaction experiments and model validation are implemented in the laboratory environment.
In the range of 5 m from the camera, results show that the average precision of pointing gesture detection is 98. 4% , the average position
error of pointing gesture pose is 34 mm, and the average angle error is 9. 94°. The average error of gesture pointing to the target point on
the workplane is 0. 211 m.

Keywords : human-robot interaction; pointing gesture; object detection; pose estimation
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Fig. 1 Coordinate system and definition of pointing gesture pose
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Fig.2  Architecture of the proposed method
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Fig.3 Acquisition scene of pointing gesture pose data
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Fig. 5 Random area acquisition for data enhancement
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Fig. 6 The architecture of pointing gesture pose estimation network
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Table 3 Pose estimation results at different depths
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Table 5 Point to target estimation results

25 BAERW] R AL 5 m EREN 45 0] T
F5 1] F bR 50 A 2 A TR 2208 0. 211 m, 3% T E

e e AD/m # RGB-D FHLAY R h L ds Aok, BEAESS 0 T 193¢ B
FHLRE/m 0, < 30° 0, < 45° 0, < 60° T, BB E 5 mxS m 1 X8R HER RS B AR5
0~2 0. 090 0.125 0. 168 HHAR I FRIEBEARYERT , 5 7 o7 mJefaik/N 18
2-3 0.132 0.161 0.208 H RS AG T8O R A, BEVLPT AL T35 AN RIR EE T 8
3-5 0.171 0.208 0.272 ] F- 3 ANFE 1) H bR S AT ES R E 9 s, H
29 0.130 0.162 0.211 o, SR FUE, AR THE,
15 15
) l,og o 1.0g
AR 05 " 1BNARER 05"
X
Vil .
0 ‘my% 0
3 X3l 3
= 2
25 © s HRAITR !
: Ym 05 _
15 Vi 15 72.01,0 oL
(a) 0~2m (b)2~3m (¢)3~5m

Ko AREE TR AT AL

Fig. 9  Visualization of estimation results at different distances
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