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Balance recovery of a quadruped robot by optimal regulation of contact forces
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Maintaining and restoring robot balance in the presence of external disturbances is an important issue
Received 24 July 2015 for a quadruped robot. This is due the fact that these robots move over uneven terrains which may be the
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Available Online 11 Novermber 2015 sources of the disturbances. In this article, the balance recovery problem of a quadruped robot after an

external disturbance will be investigated. To this end, in the first step, the equations of motion of a

Keywords: whole-body model of a robot and also a constraint elimination method will be proposed. In order to
Quadruped robots recover robot balance, the desired accelerations will be computed based on the concepts of a PD
Balance recovery controller and by using the desired velocities and the positions of the main body. However, these
gtggfi‘?iiéation accelerations may lead to slipping the stance feet or losing robot stability. Therefore, an optimization

problem will be defined to calculate the admissible accelerations and the contact forces simultaneously.
The optimal regulation of the contact forces will be done to distribute the contact forces among all
stance legs to avoid feet slippage. Since the stability and the slippage avoidance conditions are
formulated as linear constraints, the optimization can be solved as a linear constrained least squares
problem. To evaluate the effectiveness of the proposed algorithm, it will be examined on a quadruped
robot in the simulation in two different case studies: in standing situation and walking gait. Finally,
obtained results will be discussed.
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Fig. 5 the joint torques for push recovery in standing posture

36 5 Jols il sl by slo,Shos ot Jlasl (glaysis 5 JSid

Salee Hlal Ol s jo 5 a8 S 18 Sl slaly I JSiie Ik
29 45 0dd (B8 by Joles Ll eSS Shes i b5
Dl o 3,y ol p B amas jo Ol Aay 4 Cud ax o 45 w4l5 L
Sy 3 50 200 1l g5 Ly j2 50 a5 el (g ladke 4y 5505 e
ol 0 ool lis 8 IS jo Jolss b ple jo ol aay Cosdes
> 0 02 g g0y S 0 oo by A 0ed e cdaline Sl ol o
Ored 5 39> Ay Sbloy petd b Dby Geizren S o0 S5 > b
205 o0 3k 395 gl CuaBge 4 g 00,5 Lais ) 995 (5l 355 £l
L oS wdlioe il dos Jo o) lrinl 50 poe 45 S0
Golwdigy j0 o 098 5l (6, F 0y S ol oold Olnsgl 4y axgl
sl AT 355 o sl oS WSl oo aililee Tl o e 5
3l 18 eolitul 3 )90 Lolear Sl 55, 2 2 Sibwosky Glr len |,

S > e 39 SO (b3l -2-5
by Jobas ol sl sleplaol 00,680l o Slee oy 0 a0 (5w (0l )0

12 o jlesis 15 093 1394 siawl (o3 Sl wadie

56 JSa 50 )Lad 55,0 abas Sl e 5 (233 990> eizmen 5 L,
g o oddlie a5 jgblen .l ead ool las sy a1 S
9 X labivl; o (g0 slag s (i b 5 (608 (slog o (oo (sadga
A pae 0diiS (e (nl g WpS (o0 )8 B33 pas el edgucee oY
5 b S ey Jlop saddse (K0 By slasl e Db, cul slaly
S g &5 w8 oo ol ) g9d90 (nl b Sl i by (nl g ol Cie
Olpes Jlade by golauly Sl gl w9l sos oo s 51 OL, slaly
grog &5 jebolen ol ool jasiie T S o b, Jlad S 50 abaks
J3ls ol Lis 55 e alai b b ol o @b, syl gl e ool
ssbolen 05 18 ol Sl glal Syl St pEASS (alovis
Ll U3l Jlad 35,0 dhi wad  akie S5 0 o

0.05 0.306 f
0.04 } A 0.305 f ‘,'
i 0.304 } ::
003} " . I
g i} -=-- Actual Value E 0303¢ ;': ---- Actual Value
2 002} i Desired Value 2 0302 b " Desired Value
a ' & h
L [}
X o0k E ! N 0.301 &
i 0300 f —ip
[ \ v
000 n 0.299 F v
‘I
001 bt 0298 b
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (sec) Time (sec)
0.005 ¢
0.004 } ;
i
0.003 } i
)
) ]
B oo} i
s :} ---- Actual Value
‘ .
0.001 F E: Desired Value
n
0.000 f Le
11
v
_0001 e e e e e e ]
01 2 3 4 5 6

Time (sec)
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Fig. 6 the contact forces and the slippage limits for push recovery in

standing posture
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Fig. 11 the desired and admissible accelerations of main body for push
recovery in walking gait
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