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Dynamic Parameter Identification of Modular Robot with Flexible Joints

ZHOU Jun, YU Yuveqing
(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: A method to identify the dynamic model parameters of modular robot with flexible joint using 3D motion
measurement system Optotrak3020 is proposed. Firstly, the robot dynamics model is parameterized in a linear form to
exclude the stiffness torque and the scaling problem is elimmated from the parameter matrix. The exciting trajectory is
based on the finite Fourier series function and the coefficients of the Fourier series are optimized with the self-adaptive
genetic algorithm. When each joint of robot is commanded to follow the single-joint optimized exciting trajectory, the motor
position, link position and motor torque are measured and recorded in real time. Finally, using the classic linear least square
parameter identification, the dynamic parameter identification experiment is carried out on the first three joints of PowerCube

modular robot, and parameters of robot dynamic model are derived.
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Fig.1 PowerCube module and its connector elemennts
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Fig.2 PowerCube modular robot and its coordinates system
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Tab.l The specific parameters of Optotrak3020

maximum marker rate 3500 Hz
frame rate(3D) 450 Hz
RMS a€cufacy(2.25 m) 0.1 mm
3D resolution(2.25 m) 0.01 mm
sensor resolution 1:200 000
focus 2m ~4m
view range .5 MG
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Fig.6 Joint model around y-axis and around z-axis
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Tab.2 Experimental result of joint angle error (unit: degree)

R BAE RWE OBHURE KRRz

1 30  30.0018 - 30.3226 0.0018  0.3226
2 -30 —29.9996 303058 0.0004 —0.3058
3 =30 -30.0008 —30.3058 —0.0008 —0.3098
4 30 29.9994 29.7396 —0.0006 —0.2604
5 30 . 30.0064 29.8149 0.0064 —0.1851
6 =30 -30.0048 —29.8632 -0.0048 0.1368

3 FREXTHE A FELEE (Dynamic
model of robot with flexible joint)
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4 HE L (Optimization of exciting
trajectory)

4.1 HEHIE
NIRRT AB 1 #2HOH R T ER

AR LR ARG 29 K E LA BUR $hZE, B

min Neoid(H (4,4, 4,6, 6,6)) (15)
BOrmin < 0(f) < Omax
St 9 Bin < O(1) < Oax (16)

émin < 9(1) < émax

o, IEAERREE H A LA, BRI E A R AL
A TR UL R RN A —
ENIGRE e C L8

N
n . b’l
0(t) = 6o+ Y, ;aa—)f sin(not) — ;a—)fcos(na)ft) (17

n=1

N

6(t) = ¥, a,cos(naxt) + b, sin(naxt) (18)
n=1
N

6(r) = Z —apnosin(nwgt) + bynaycos(naxt) (19)
n=1

Serh, gy R8T M M. (8] M R
w%§ME%%ﬁx§—4@$wﬁﬁ@gsz+x
ABE: ay I b(n =1, \N) RIERRALE T
WAL, 6y JEHLIE A BRI 25
14 O 2 MR 24 AL A B
E A0« 15 B RS B I B B R PR, e
HLEE AT 3 AT RO . R P 5 2
& 3 .
#3 A7 3PDRTBRIES R

Tab. 3 The motion range of first three joints

Jointl Joint2 Joint3
/) —160 ~ 160 —101 ~ 101 —105 ~ 105
A /Cls) =100 ~ 100 —100 ~ 100 —150 ~ 150

MR /(°/s2) —200 ~ 200 —200 ~ 200 —300 ~ 300
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Tab.4 The parameter range of Fourier series

Joint1 Joint2 Joint3
a, +1.0 +0.75 +0.75
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Tab.5 The optimized parameters of Fourier series

Jointl Joint2 Joint3
ar 0999023 —0.749267 —0.749 267
a,  0.000489 0.002 565 0.002 565
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bs —0.001466 —0.017953 —0.017953
g0 0.681851 0.330890  0.330890
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Fig.14 Measured motor torque

Fig.15 The position, velocity and acceleration of link
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Fig.16 The measured torque and model torque of Joint 3
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Tab.6 Identified dynamic parameters

Joint 1 Akg-m?)  mgl, AN-m) mgl, (N-m) JAkgm?) b /AN-ms) K /(N-m/rad)
Joint! 0.6484 0.8659 0.1158 2.0614 0.8346 4.82x 167
Joint2 0.7228 1.2863 0.1582 2.4652 1.3840 6.39x 1¢°
Joint3 0.2724 0.3659 0.0290 1.0614 0.9652 4.38x 107
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