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Abstract ; To address the motion stability problem of the mobile robot in the staircase environment,
a corresponding kinematic model is established by analysing the kinematic characteristics of the
double swing arm mobile robot. On this basis, a self-adjustment strategy of the center of gravity
based on the combination of the stability cone model and the gradient search method is proposed,
which is able to optimize the position of the center of mass in real time according to the robot’s cur-
rent attitude and the environmental conditions,so as to enhance its stability in different configura-
tions and complex terrains. The joint simulation results of MATLAB and ROS show that the pro-
posed centre of gravity adjustment strategy can effectively adjust the position of the center of mass
during the motion process,which significantly improves the stability of the robot in staircase envi-
ronments and reduces the risk of tipping over.
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BEEDLES N AR M PR e HLgs NIEZE L RIS Az shfie e 2 e | Mg A
W T2 R A 2R AR S R ARG, dnili iy REsUR (i dhARE M B M HL A A HPT A TR
PSS SR P A EME S INALER AN BIRE) B T AR B AR PR S AT 55
IR, G, R Ze R s i kR, o — AT EERE RIS U R BUUE AR ), UM R R

KR EE. 2024 -10 -01
E£WMAB . ERESV AR H (2022 YFB4703605 )
TEE BT 45341 (2000—) , B W-EREE A s 22 H0 R (1969—) GBAG IR, &, #0421+,



% 3

FRFF MBEARBAILE S B AERSRL 17

HAe & AT 55 1 68

PLES B3z SR TR 32 2 Bl R B i, 32
ORI ) g 7 S S L IR N DA R AR FUS
DEACSE BT FIE R B0 B RE S 4 THIL A% AAE
STRAET RS ETE

PLas AR E 12 WA ML A1k BE 1 2245
PRI ET U R P ST A S A A T A
{7 A e O LT RV e 5 A T
EARAAET R A SR R Bh
HLas ANAEAS R A P O RSE P A, 15 21 1 e g
IS, BB ILAED S 32 )3 45 (ZMP) 41331
718 R RAL AR AT AT 78 RS E 1 ) el ik
AT TRIFSE . PR R AR S ey vk Xt 420 (s 3h
RRLE AT TEORETEDTSE, S8 T H.O H
VRETIRE, ISR B B RS S L AR A
TRAEHETT A T AL AN PR S A AR 1 Y
FFHR R ST R A5 4R T AR A5 L ZMP B
ARSI SN LA A BEF TR E PR 20 A , 15 ol
T IS Es PG AN RIS E PRI

AR — T X SR AL S Pl g A E0
ERLE 3 RPN W NETEZ S L s EEE S o e s
B B IO B R R AR | R 0 O vk A A
U , S TR [ R Y SR s T (9 A e A
F1 30 0 FC PR ARG ST AL O B DA SR
PLEF NAE S 2R T B ia A1 % e ST E L,

1 BElass NBREH

PLEE NEEAREE R QNP 1 s, iz AL e A IR
A SR O R AU AR, PR
(2T FAAHT o, 388 3 R B Y T A A B L
o NS I ) R 5 SR T 0 2R G R el R L B
B8, DICAAEA [ HJE 2640 T AR e

RS TR
1 HEs ANEREY

Fig.1 Overall structure of the robot
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Fig.2 Schematic diagram of robot coordinate system
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Fig.3 Schematic diagram of stabilizing cone for the

ground-staircase transition phase
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Fig.4 Schematic diagram of the stabilization cone for

the staircase-platform transition phase
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Fig.5 Schematic diagram of stabilizing cone for the

platform-staircase transition phase
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Fig.6 Schematic diagram of stabilization cone for

staircase-ground transition phase
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Fig.7 Simulation environment of robots
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