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The research and implementation of behavior imitation system
about Nao robot based on Kinect

YU Jianjun, MEN Yusen, RUAN Xiaogang, ZHAO Shaoqiong
(College of Electronic and Control Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; To avoid the complexity of the underlying motor control, make the robot realize motor skills through
learning and improve its intelligence, Combining Somatosensory perception with humanoid robot Nao, this paper fo-
cuses on the research of robot imitation learning, constructs the behavior imitation system and implements Nao robot
‘s motion imitation using kinect based on the framework of imitation learning. By means of the skeleton tracking tech-
nology of motion-sensing camera,the bone point information is collected, then be pre-processed into demonstration
data.The demonstration data is encoded for representative learning through Gaussian mixture model (GMM) , and
then the output generalized by Gaussian mixture regression (GMR) is mapped to Nao robot to realize the imitation
of action.The experiment results indicate that Nao robot is able to implement behavior imitation in real-time and off-
line mode and gives good effect owing to the fact that the motion trajectory is smooth and stable.
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Fig.1 The system structure of robot imitation
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Table 1 The DOFs corresponding to each joint and the skeleton point of information needed to be accessed
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Fig.5 Angle change information of demonstration data



- 184 - B R & ¥ 11
2 =
& & 2 8
TN Wf} Sy 4 1%, 43
= = ol. . =1. <'1.0
“?‘20 h 300 = 0 300 = <10* 03 100 03 10°
B O i P ] = 01203 0123 0123
(a)RShoulderRoll (b)LShoulderRoll (c)RElbowRoll (a)RShoulderRoll (b)LShoulderRoll (¢)REIbowRoll
3 — -
& 2 & 1 - B8 ZSRHA GMM 4EBF GMR iz
X
g 1 é 0 i 0 Fig.8 The output of multi-demonstration after encoding
o - 1 500 = 1o 300 by GMM and generalization by GMR
s ]E]j; i 1] 25 st [i] 26

(d)LEIbowRoll (e)RShoulderPltch (f)LShoulderPitch

& 1 & 4

0| N 2

S A M i
2 -2 “"‘0 0 300
e T it ) 45
(g)LEIbowYaw (h)RElbowYaw (i)HeadPitch

Eo ZRMUEMZUBRHREZTUEER
Fig.6 The angle change information of demo data after
representation and generalization
P4 RShoulderRoll . REIbowRoll . RShoulderPitch3
A A R EE ), 0 BN B SRAE ANz Ak i B AT
YL, W& 7 B, R oR — A H L 1 AT
JE R KA 5 2 1T/ GMM dfidh 25 51 56 3 17554k
J& GMR iZ ALY | B RR Dy 222930

01 '2 3%10°
(a)RShoulderRoll

—0.5¢ LA
012 3x10

t
(c)RElbowRoll

0.5t
01 2 3x10°
t
(b)LShoulderRoll

- ol ot 5
—0.5 ’
0 1t2 3 0 l 2 3 x10° 1 2 3

(b)LShoulderRoll

1.5 ] 5
- 0.5 5
~0.5553

(a)RShoulderRoll (c)RElbowRoll

0 1 2 3 x10°
(b)LShoulderRoll

0 1 2 3

t
(a)RShoulderRoll (c)RElbowRoll
B7 BXRRHHK GMM 4HEBH GMR iZ4

Fig.7 The output of single demonstration after encoding
by GMM and generalization by GMR

TERELALAT Al LI 2 0OoR #t A7+, n
K8 i, A 18 s E AT =R 2L, L REIbow-
Roll [ #HEE 0 1 FEAT B BET, AR U I 7 20 K 4 A
W RAE gAY Sz Ak R R o X Ik HHke Ak B
JE A5 B 7R 28 , IR AT, GMM BEXF 22 U Htk
fromtty, F A GMR Z AL th 415 2 07R BURF Ak A4 i
Hh, BAT R A MR R AR BRE ) AR UOR #ad A
FAAETYUERR AL, AT G 5 22 U 20 R Al ) g 7
HEAT A st v Z A AU

4 FETH A5 ¥ 3 Nao HL&E AAT W 2
1wy L3

Nao HLa A B AN NAOgi A0 5 — 5
B AT AL g AHESR S TT K N L d i 2t Nao
&I REER AL T — A RAF By B Rl . A SCH gt i
Nao HLas NSRRI R GE, B # S A5 BoR M LR 2
B R RIBCR T Gt 5 TT & 230, 78 B8R 1) R AE
Sz ALEET MATLAB FREEIT A SC 8L, #5 iz (L5 2 Y
iz a5 Bl NAOqi #6147 504 7 58, W5 2] Nao
Plas N2, SER s ERES

SIS AF oY FE ,*@@E/‘J%? Kinect ) Nao Hlas A\
SRR 2R 50 ] ASEBLSCI B Lk Al =X s Ve 7
tsA; , LR SRR R W] 9~ 12 PR X —A
T B ZE iRm0 A e A & (Nao HLEFA)
[T, 045 Kinect SRAE R AMAE 8415 B
Fiz H1 Nao #L#F A FF & E 1 NaoSim 5 Choregra-
phe , TEREFIIREE T SV ERBIN XS5 R, Horb 18 9~
11 & AR, 1B 9 XU R sh i & 10 &
XUE S s AE, 1811 23 50 2 7m Sk&8 B il BE s 7E (1%
) FIFRPIRESHE; (A FH &, 22T K 12 2
SEIE, R T MEAE F3hE,

9 WEMRINE

The motion of stretching arms

10 WEZH3NE
Fig.10 Motion of bending arms



Ty, 45 LT Kinect B Nao HLEF AN SIERLT RGERYBESE S 528 - 185 -

11 ARKRFHREER
Fig.11 Head drop and imitation of the state of hands
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International Conference on Bio-inspired Systems

and Signal Processing

The purpose of the International Conference on Bio-inspired Systems and Signal Processing is to bring together re-

searchers and practitioners from multiple areas of knowledge, including biology, medicine, engineering and other physical

sciences, interested in studying and using models and techniques inspired from or applied to biological systems. A diversity

of signal types can be found in this area, including image, audio and other biological sources of information. The analysis

and use of these signals is a multidisciplinary area including signal processing, pattern recognition and computational intel-

ligence techniques, amongst others.
Conference Topics ;
Speech Recognition
Neural Networks
Biometrics
Pattern Recognition
Medical Signal Acquisition, Analysis and Processing
Wearable Sensors and Systems
Real-time Systems
Evolutionary Systems
Acoustic Signal Processing
Time and Frequency Response
Wavelet Transform
Medical Image Detection, Acquisition, Analysis and

Website : http ;. //www.biosignals.biostec.org/

Processing

Physiological Processes and Bio-signal Modeling,

Non-linear Dynamics

Cybernetics and User Interface Technologies
Electromagnetic fields in biology and medicine
Fuzzy Systems and Signals

Monitoring and Telemetry

Cardiovascular Signals

Image Analysis and Processing

Detection and Identification

Motion Control



