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Continuous brachiation optimization and experiments
for a bionic-ape dual-arm-hands robot

WU Weiguo, LI Haiwei

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract : Regarding the problem that the bionic suspension pendulum robot can not grasp the target rod reliably in
continuous brachiation process, we propose a staged control strategy, which includes an optimization method to
maximize potential energy by adjusting the robot arms’ configuration, a swinging motion optimization method, and
a big damping switch and grasp method. For each motion stage, we deduce the desired trajectory of the PID
controller of each active joint and the smooth switching condition. Simulations of continuous brachiation between
bars with different distance are conducted in the ADAMS software and the MATLAB/Simulink software. Then
brachiation experiments are conducted by using the BARDAH robot developed by our lab. In the experiments, the
initial bar distance is 1 m and the target bar distance is respectively chosen from 0.5m, 0.6 m, 0.7 m and 0.8m.
For each target bar distance, three experiments are repeated and the success rate of the total 12 brachiation
experiments is 100% , which indicates that our control method can effectively improve the success rate of the robot
continuous brachiation motion.

Keywords: bionic-ape brachiation robot; big damping; turn-back feedback; underactuated control; continuous
brachiation ; self-motion ; optimization
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Tab.1 Mechanism parameters of robot

=l m;/ kg I,/ m l/m  J/( kg+m?)
1 2.46 0.16 0.09 0.09
2 3.13 0.54 0.29 0.46
3 2.34 0.54 0.30 0.52
4 2.46 0.16 0.08 0.02
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Fig.5 Continuous mobile simulation video screenshot of bionic-ape dual-arm hands robot

D3 U FHLA NS sl A% T s an
Kl 6 Fis.

L [P R " q
= 6
E
2 4 R —
E ol () [ el
R == v
Y S S
0 1 2 3 4

6 EZEBHIEEXTHT
Fig.6  Continuously moving simulation of joint trajectories
Forb (1) g ge i shny a4~ s, (2) e
AJEWL B —REE S 1.7 s, 58 kB sh HI A
2.3 s, DFELA R, B Y 5C1 az sh Bk {1k
VA Rz 3z sl 47 il 7 1 RE S 07 4 XU LR A58 i
ARATENT 2Z 6] 4 7 22 8% 5, [R] It e aod 7 LB T

ML NER S BE J) , Ry % 22 32 TR HARFT )iz
S SRR AL T A TR0 UE AT B R
3.2 WFEZEHEEMABHEH LR SERS T

XA SCHRE 0 7 AT T S IR IR, SE 5 AL
i NI BB LR FF A H R AT T 7] — 7K 7 i B i
FAFE 5 b AR TRIFE S 1.0 m, TP EIFFS5 H ARAF ] EE
3% 4 0.5.0.6.0.7 0.8 m. &% HARFFHEIFE,
TS, A 2 P B R4 T AR AN (]2 Bl i
BB AT B BRI B B i e e is sh AR AR, X
HLES AT 19 PID B8 B i il 2 A T S 40
1MJa a5 3.1 /N AR R 25 B A T4 &, B0
PLER NRYIR Zh A 1. bR v 4 SE R , X H b
FRMIBESEAT T 3 ZH 508, Heif AT 1 12 45055,

B 7 g5 T e S HERAFEEE 3000 0.5 m
0.8 m [BHL T WbLEE N2 sk, | 8.9 4 B4



557 H R, 5 DU TG NE L2 7 sh AL 5 905 -39 -

TR LA A OGS S A R . s 9 W] bR AT BARATRIFE AR50 0.5 m F1 0.8 m
G B BOC RS ST R S g SR g R RO, SCER AR L 3 S an Al 10 11 PR,
(N IDEE TR S i8I P S RS A 62 PSR IO i B S

0 0
-05 -0.5
£ £
-1.0 -1.0
15 -10 -05 0 05 10 15 -15 1.5

x/m

i e (b) FFIEFT5 HARFFRIEE DY 0.8 m
(a) HEIATS HARFTIEEE N 0.5 m

B 7 fiEtFs5BARAFEEES 5 0.5 m #1 0.8 m BFHIHLER NS BT

Fig.7 Robot trajectory when the distance between the middle rod and the target rod is 0.5 m and 0.8 m respectively
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Fig.8 Joint angle curve when the distance between the middle rod and the target rod is 0.5 m and 0.8 m respectively
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Fig.10  Video of the robot swinging grab control experiment when the distance between the middle rod and the target rod is 0.5 m
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Fig.11  Video of the robot swinging grab control experiment when the distance between the middle rod and the target rod is 0.8 m
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Tab.3  Results of the experiment when the distance between the

middle rod and the target rod is 0.5~0.8 m respectively

FARFFIAIEE /m g BORABE/(°)  GBEGABE/(°) B/ %

44.32 35.28

0.5 47.23 35.91 100
43.07 39.18
16.13 41.21

0.6 17.85 30.48 100
17.25 30.81
39.70 41.72

0.7 40.73 43.07 100
39.15 43.42
40.21 54.70

0.8 33.81 51.30 100
39.09 53.75
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