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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 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
whole-body model of a robot and also a constraint elimination method will be proposed. In order to

Keywords: . . .

Qu);dmped 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

gtpgﬁlﬁ_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.
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Fig. 8 the variation of main body of the robot when the push is applied
at an angle with respect to the forward direction
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Fig. 11 the desired and admissible accelerations of main body for push
recovery in walking gait
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Fig. 12 the desired and admissible accelerations of tip of swing leg for
push recovery in walking gait

by oly s pe Jolws bk o b S'gi jlome 5 gl slactis 12 JsCl

S 5 4oxii -6
ailoy bl oy S sly ol bl ainss gy 4 cdllde Gl o
3eolainl cge Jol5 (Solus Jawo b oly, SO gl Al ol Lo
Lol Jobs (obsl slp 2épdy Sjge by (&5 > Glatell ooles

Sly ks 0j50 ool fliw Bibn = awld casS S S§ iy

12 o Louis 15 0093 1394 siawml (ORI \_:uli‘o Wi

2 acuahd pas oS (ABly Ol (55, i ysNl (gluesly sl s )lk
dinad aads pl aS ol 5l cplplo bl oo pgeo Hlown )10 92 i
Sl oll wyle 8 oas a5 e o ail> b g lul cdie 3 o

PP 8 (el o

015 014 ¢
0.12 f
0.10 f
0.10 F
~ 005} —~ 0.08F
£ £ 0.06
§ 000 ? 0.04
L L
-0.05 | 0.02 f
Actual Value Actual Value
010 b —---- Desired Value 0.00 f —---- Desired Value
' 002 F
B R S —— 0,04 bt
0O 1 2 3 4 5 6 0o 1 2 3 4 5 6
Time (sec) Time (sec)
0.305 0.012 ¢
0.304 f 0010 F
0.008 f
—~ 0303
S _ 0006 F
= 0.302 -‘% 0.004 ¢
B8 —— Actual Value \g : Actual Value
,@ —-==- Desired Value 0.002 b —==- Desired Value
0.301 ¢
0.000 ~
0.300 o000zt V
0.299 L L L L L L g -0.004 L L L L L L g
0O 1 2 3 4 5 6 0o 1 2 3 4 5 6
0.016 ¢ Time (sec) 0.0003 ¢ Time (sec)
0.014 ¢
0.012 ¢ 0.0002 |
0.010 Actual Value Actual Value
_ 0008} —==- Desired Value — 00001 F —=-=- Desired Value
=} e}
g 0.006 %
S 0004 b 0.0000 } v
0.002 ¢
0.000 A~ -0.0001 f
-0.002 ¢
-0.004 L L L L L L g -0.0002 L L L L L L g
0O 1 2 3 4 5 6 0O 1 2 3 4 5 6
Time (sec) Time (sec)

Fig. 9 the desired and simulated positions of main body of the robot for
push recovery in walking gait
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