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Posture Adjustment for Quadruped Robot Trotting on a Slope

HAN Bao-ling', JIA Yan', LI Hua-shi', LUO Qing-sheng”, ZHOU Chen-yang'
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. School of Mechatronical Engineering, Beijing Institute of Technology. Beijing 100081, China)

Abstract: A control strategy was proposed to ameliorate the trotting movement of quadruped
robots on a slope. A compound cycloid line was adopted in this strategy to track the trajectory of
the robot so that the instant impact on the feet of quadruped robot at phase change points could
be reduced. Certain values of posture adjustment could be acquired according to stability analysis
by using the distance between the projective point of the center of mass (COM) on the slope and
supporting line as the stability margin. The simulation results from the virtual prototype model
in ADAMS show that the posture control strategy proposed in this paper is reasonable, feasible
and effective in terms of improving the motion stability of the quadruped robots on a slope.
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Fig. 1 The mechanical model of quadruped robot
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Fig. 2 The robot’s posture at phase change points
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Fig. 6 Simulation results without posture adjustment
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Fig. 7 Simulation results with posture adjustment using the

method this paper mentioned
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Fig. 8  Simulation results with posture adjustment using the
method which changes the equilibrium position directly

IE 6 7T LLE Y, B, ALE A BT 10 s Y
FE & J5 1 ERIAE RS R 5. 24 mo, T BB, X R A 07 B8
H8.994 2 m. f TR AL diw HU5d MK 9 O 3 L o
TEBEAT A R IR 5 A Ak 2 S 5 G ) ) v i )
JB Lo i AR T2 T [ L, DR B B B AN A

E 7 W] LLE Y B, LS A BTG 10 s Y
T8 & J5 1 BRI R 6. 40 mo, T BB, X R A 07 B
8. 27 m. BT B L T L AR R Y
Vi a3 SRR LR R U /N L L A2 g o e B A B L AT
R B ] W0, B Ak, 98 B S A7) BE TR A2 U
TEAR AR R AL 32 B/ 04 o ol s 0 T AR TS0 ) iz
2y TSN

M8 1] LA H 5 R T L 42 e A e A O 3 42 ol
55 PO E 7, YR HLER A BTG 10 s NTE
Jiml LRSS 2,82 m, T Mk B, XA AL RS R
9.32 m. T EIEX LA A0 07 BT SR,
T AE AL S 2038 AL 3] P f A B I S 0,
BB 500 T A4 11 20 3 5 Bl B4 19 0 1 B T R LA
NAEFAR AL E 4 25 BN BEAL T[] — - T P4 O[]
9) . Hil J BB AP AN [a] 5 T o o R R AR EE H
K HLas Nl 18 iz 3 i # i A AR R I B 3h. o3 4
H T ok R o L AN A AR LR L 8 R MU BRI
L5 YT AT R A, T R N ST 2 A R R A
(R )| D8

it 3k %k e B Al AR B ek U AR AL A N AL i



246 b5 # T K 2% % M

o5 36 &

5 M T 8] P el X T AL N BE A DA S B I s
K|S

Pl O FH BSOS - oz B 11 48 A8 T s U ML B N TE AT AL 1
Fig.9 The robot’s posture at phase change point after changing
the equilibrium position

5 4 &

SR A A2 S 7 0 R Ak 4 S EE R EE 2 O
0 WY& A 2L AF g 10 BLA N B9 2 S Bl LA DY 2
B N BB O AE R b A 807 2 P S8 R 2R 1]
F0 B 0 1 DA R P A0 A 3 T D ML N TE X A
ANHE TR L SCBLURT AR VRRE G B T A2 2l 1Y 2 A
VAT A, Wi 7E ADAMS o #E 57 K 0L RE ML A
BT 705 FORA S, 5O AT B SR B R
KATFENE 51 o B4 05 358 A A TR R 1 S P
PEAT T HOBE 5 A SRR SE AR SCHR Y B S 2 R 3
M BV R LA A S5 ] YA AL e 3B Tk oz 2 A T 3 B
G SCAT DA A2 4 i Ak 2 i 5 3t T ol 52 /0 o Jo
L= R N R TR WSRO N & A IR R DN U R TR
ZhHEA 5 W B 4 T SO S Y S8 B AR
ROR.

SE

(1] X2 PR A, g X\ RPN Esh i RS
FRILT]. P T 5 . 2013,10.171 - 174,

Zhao Jiaxin, Luo Qingsheng. The analysis of kinematics
and gait planning of a segmentalappendage octopod robot
[J]. Machinery Design & Manufacture, 2013, 10:
171 - 174. (in Chinese)

[2] Wook Chungjae, Lee I H. Posture stabilization strategy
for a trotting point-foot quadruped robot [ J]. Intell
Robot Syst, 2013,72:325 - 341.

[3] Fukuoka Y, Kimura H. Adaptive dynamic walking of a
quadruped robot on irregular terrain based on biological
concepts [ ] ]. The International Journal of Robotics
Research, 2003,22(3 —4):187 - 202.

L4 sKF5mN. PR AL s AT s 3l b 3R 450 5 N 9 A= ) 4 o)
WF5E[D]. b5t 3 K%, 2004,

Zhang Xiuli. Biological-inspired rhythmic motion & en-
vironmental adaptability for quadruped robot [ D ].
Beijing: Tsinghua University, 2004. (in Chinese)

[5] afdt. 2k, i 2 A HLN & B 26 58 7 2 AL AL S0

5 HI]. PLE A ,2015,37(1):85 - 93.
Meng Jian, Li Yibin. Gait planning and control of
quadruped robots in continuous irregular steps
environment[J]. Robot, 2015,37(1):85 — 93. (in Chi-
nese)

[6] i fidt, 2 ek, DU 2 AL &% A0S iy /0 B 20 25 & 07 L % gl 45

7 8 B S BT HLAR A, 2015,37(1) : 74 - 84,
Meng Jian, Li Yibin. Control method and its
implementation of quadruped robotin omni-directional
trotting gait[ J]. Robot, 2015,37(1): 74 — 84. (in Chi-
nese)

[7] M 5 52 28, 7 26 X 2 2B AT L A% A0 A8 B3 iy A 52

05 5[] AL, 2007,24(10) 1156 — 160.
Run Shangbin, Han Baoling. Research and simulation of
the walking track of bionic hexapod walking robot[ ] ].
Computer Simulation, 2007,24(10):156 —160. (in Chi-
nese)

[8] T bk, ey 0. 7S JE 25 47 HL A S 0L 300 L ) B 45 LA 50
[T WU BT 5 BT . 2006.,22(4) 142 - 45,

Lei Jingtao. Gao Feng. Foot trajectory planning and
simulation for a hexapod robot[J]. Machine Design &

Research, 2006,22(4):42 - 45. (in Chinese)
(FTAE % 5 2 T 45 D)



