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Balance recovery of a quadruped robot by optimal regulation of contact forces
and body accelerations
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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 Noverber 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
whole-body model of a robot and also a constraint elimination method will be proposed. In order to

K ds: . . .

Qﬁﬁg?lfpjd 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

gtptbir_r_itzation accelerations may lead to slipping the stance feet or losing robot stability. Therefore, an optimization
ability

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.

Slippage avoidance
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2- Linear inverted pendulum model (LIPM)
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Fig. 5 the joint torques for push recovery in standing posture
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Fig. 3 the variations of the main body of the robot after a push in
standing posture
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Sy $9y 2 loagly Syge 4 (21 S A5 (elSin Wy ConBye B S

Sos 09> A Sligs Cexdse rizren 5 A% S > (e )3 e
ok Sless Olie 08 (oo Lad 1y 995 Jolad 5 005 o pae 1) (2>
Sl 3l Sl b Sei (g0g90e g
Sgh Condye blige (ol linl) ;o 0l o)l (9,0 o5 >0
eolhe 5 sl Sl S o St Bl Sl o ks ol sl
s ol 12 UK 5 11 S8 5 Ste sl imes 5 b,
pae g @l llyl o8 o glaalax 51 Sy o 5 repl o dleads
ol Soe QUL ion &S woglhae QLS 5l (65 F 050 5 Ble 54
Tordon Oby ol SIS sl eslial 136 58 b Ss Gl s 109 o0
Sl loniz g 2SS o a4 adls ol o el svalie LB
5 GOl 58y Cews Sl el Jols pbik Gl S slolis ol
o ool 2bsl SIS 5l e pSese b Lol wigd o Dby slaly Jh5a)
Sl slaly oy pas bydaiload sgacme 098 (pl 4 4z gl b slaclis
Slog s 0,5 o )8 oy 0jg0 ripl jo i Sl Il ies
el eads aseie 13 JSo o opa) pos edgamme uized 5 (GOu
o3gdme 1o 40 domas Bl jo adly slaliuly o o3 slag s as >l
OlFse Sl ot y S (g8 Glog s Jlo b addge g atils 15 (el
il 25l Jola il e 5oy b lely 45 S an
S 5 ol ol o 3 S0 350 Al ks ke e e
Lts sl 8 > o5 4 obcss sl ol o ] o oo 14
il cpl a5 sl ad,S i ob, oS > glp golul Al Wb

103

----- Contact Force along X-axis
Contact Force along Y-axis

e Slippage Limit

------- Slippage Limit

200 f _J{ —————— Contact Force along Z-axis

____________________ A [N -
100 f v T
A

___________________________

300 ¢

Fip of leg 1 (N)

-100
300 ¢

0.0 0.5 10 15 20

200 p

100 |

Ftip of leg 2 (N)

-100
200 ¢

150 p

100
50

Ftip ofleg 3 (N)

50 F
-100
300 p

200 p

100 p

Ftip of leg 4 (N)

-100

OTO OTS lTO l?5 ZTO
Time (sec)

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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