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Abstract: A parallel six wheel-legged mobile robot is proposed. The robot adopts a multi-mode Stewart leg structure with
large load capacity, which integrates the advantages of wheeled motion and legged motion, and can realize legged, wheeled
and wheel-legged compound motions. Firstly, the design idea of the robot is described, and the hardware system and control
system of the electric parallel six wheel-legged robot are designed. Secondly, a complete set of legged “triangle” gaits and a
stable walking algorithm are designed for the legged motion mode, which can reduce the vertical impact between the foot and
the ground, and prevent foot motion from dragging or skidding. For the wheeled motion mode, the principles of cooperative
control and steering of 6 wheels are designed and introduced. For the wheel-legged compound motion mode, the principles
of variable height, variable support surface, variable wheel track and active vibration isolation controls are introduced with
the analysis emphasis on active vibration isolation control and variable wheel track control, which can realize active vibration
isolation and attitude stabilization control, and improve the stability of the wheel-legged compound motion of the robot on
rough terrain. Finally, the legged, wheeled and wheel-legged compound motion modes of the electric parallel six wheel-
legged robot are tested. The experimental results verify the feasibility of the design of the parallel six wheel-legged mobile
robot and the effectiveness of the driving and control algorithm of each motion mode.

Keywords: wheel-legged mobile robot; legged motion; wheeled motion; wheel-legged compound motion; driving and

control
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Fig.1 Physical prototypes of the wheel-legged robot
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Va = V4 = Vine = RintVo /Ry

(16)
V3 = (R()—k)V()/Ro
Ve = (Ro+k)Vo/Ro
/\I:':‘:
3k k
tan 6, —z/(R°+z)
PE
"7 2tan, 2
17)




542 I SN

2020 £ 9 H
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0 =6, =0, =6, =05 = 6 = 60°

Vi=V, =V3=V;4=V5=1Vq

(18)

K14 JEh e
Fig.14 Turning in situ

5 B ABRARENSTANREES
NIEE) (Wheel-legged compound motion
of the electric parallel six wheel-legged
robot)
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Fig.15 Robot with variable height and variable support surface
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(19) Fos:

Vi=V,=V3 =V, =V5=Vg
6,=6,=0,=05=30°, 6;=0,=90°
v3x:v6x:()a V3y = Vey = V3 = Vg

! t
Iy = lg, = 0, @:dwzjvmnzjwm (19)
0 0
Vix = V;COS 9,‘,
1

Ly = J vixdta
0

Viy =V; sin 6;
1

liy = J Vl'ydl
0

i =1,2,4,5, I M1y, 73 5 R - HLEE AR X,
MY, BT RSB ES ;v R TIERE v, £E X, Bl
Jiie BRI vy MR T v AR Y, BT ) R
Gy ¢ RIS S0 OBREE IR I 1)

16 Blés NAZEEE
Fig.16 Robot with variable wheel track
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B 16 o A e B S, 2 HL a8 2 i
WS Wi 58 R T8 #E Homy B/ T A AT L as A i
I, Hlas NPl oA A R B AS 4. AL A
FERRREE I, 0 B2 5 FHRAF HE A R 2 T 9 56 2 A
(20) I
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A2 S W
Vi=Va=V4=Vs5, V3=Vg=Vjy
6,=6,=0,=6;, 6;=6,=0

Viy=Ver = V3 =1V, Vi3, =V, =0

1 !
hfdwzjwwzjwm,lbz@zo (20)
0 0

Vix = V;cos 6;,

@:me @:me
X i=1,2,4,5, 6, XRHLEFNIESE Z, Hhie % 1) A
.
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MIRRARRCR. sl B4R H 2 S5 4 58 ML bk 55 5%
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Fig.17 Schematic diagram of the active vibration isolation
control for a single leg of the electric parallel six wheel-legged

robot
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Fig.18 Principle of the active vibration isolation control for a

single leg of the electric parallel six wheel-legged robot
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6 3230 (Experiment)
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Fig.19 Experimental results of manned steering in situ
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Fig.20 Experiment results of manned motion with “regular

hexagon” configuration
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Fig.21 Experimental results of manned motion with
“rectangular” configuration
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Tab.2 Parameters of the improved “triangle” gait
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Fig.22 Obstacle surmounting experiment with the improved

“triangle”

gait in indoor/outdoor environments
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Fig.23 Experiment of stable legged walking on complex terrain
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Fig.24 Vertical forces on the foot end of each leg in legged walking on complex terrain
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Fig.25 Attitude angle of the robot body on complex terrain
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Fig.26 Experiment of obstacle surmounting with variable
height
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Fig.27 Obstacles surmounting experiments with variable wheel

track
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Fig.28 Active vibration isolation experiment on different
terrains
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Fig.29 Stable control experiment of wheeled motion on slope

terrain
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Fig.31 Attitude angle of the robot body on slope terrain
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