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Development of the system of a humanoid robot head with facial expressions

XIN Jizhong, KE Xianxin, YANG Yang, SHANG Yufeng
(School of Mechanical Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract:In order to promote the natural and harmonious communication between robots and human beings, and to
realize human—computer interaction, a system for a humanoid robot head with facial expressions is developed. It
mainly includes a humanoid robot head movement mechanism and a control system. The humanoid robot head has
22 degrees of freedom, including the eyebrows push—pull mechanism, eye mechanism, jaw mechanism and neck
mechanism. FPGA is used as the servo controller, the control interface is designed in LabVIEW , and the control
system of facial expressions is developed. The eight basic expressions and corresponding best displacement loads are
obtained through simulations of facial expressions. It is found that the implementation of facial expression relates to
the loads on the skin of face, the region size and the position of the load applying in the process of simulations. The
experimental results show that the robot is able to realistically reproduce the eight basic expressions.

Keywords : humanoid robot head ; facial expression; expression representation; human—computer interaction; con-

trol system; expression simulation; eye mechanism; jaw mechanism ; neck mechanism
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Fig.1 Three dimensional model of humanoid head robot
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Table 1 The distribution of degree of freedom of human-
oid head robot
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Fig.2 Humanoid robot head local mechanism
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Table 2 The optimal displacement load of eight basic facial expressions
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Table 3 Three different groups of load list of the happy expression
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Fig.3 Eight kinds of facial expression simulation
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Fig4 The influence factors of facial expressions achievement
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Fig.5 The flow chart of the main program
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Fig.7 The eyebrows push—pull mechanism and eye mecha-
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Fig.9 The neck mechanism movement experiment
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Table 4 Eight basic expressions corresponding steering angle
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TN B BN OBH KE OKRT O KE KT OKE O BEH O OKE KE

SEHr 72.0 0 90.0 720 63.0 585 90.0 103.5 81.0 72.0 1165 109.4 81.3 103.5 90.0 112.5

AR 900 900 63.0 63.0 585 900 103.5 81.0 720 116.5 109.4 81.3 1053 90.0 112.5

R  81.0 99.0 63.0 540 72.0 108.0 90.0 67.5 72.0 1165 109.4 81.3 103.5 90.0 112.5

RMH 585 765 90.0 765 450 81.0 117.0 90.0 72.0 116.5 109.4 813 855 90.0 1125

2 720 900 720 63.0 774 117.0 855 540 72.0 116.5 1094 81.3 99.0 75.6  106.9

AEf 63.0 900 86.4 63.0 720 108.0 945 63.0 720 116.5 1094 81.3 103.5 81.0 121.5

HiF  63.0 81.0 855 720 495 855 1125 855 72.0 1165 1094 81.3 945 90.0 112.5
JBMHER 81.0  99.0 63.0 540 675 99.0 945 720 72.0 116.5 109.4 81.3 1053 81.0 121.5
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