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A Review of Optimal and Control Strategies for Dynamic Walking
Bipedal Robots

TIAN Yan-Tao™®  SUN Zhong-Bo'? LI Hong-Yang'?  WANG Jing'?

Abstract For the controllable periodic gait of dynamic walking bipedal robots, properties such as stabilities, robustness
and optimal control strategies, and research status and development trend at home and abroad are explored in this paper.
First of all, we introduce the dynamics mathematical model of the dynamic biped robot and present locomotion gait
and control system theory for the dynamic walking bipedal robots. Secondly, we discuss the current research methods of
controllable periodic gait stability for the dynamic walking bipedal robots and analyze the shortcomings of these methods;
we also describe the controllable gait cycle optimization control strategy and illuminate both advantages and disadvantages
of various strategies. Finally, we present challenges and future works for the dynamic biped robot research areas and give

the idea of robust stability and the controllable gait cycle.
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Fig.1 Block diagram of bipedal robots
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Fig.3 Block diagram of a trajectory tracking controller
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Fig.4 Block diagram of model predictive control with
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(77 3, JAEEALEE N IAT R, S8 I n] AR AP
DL gz il k. AR % E 4% (Central pattern
generator, CPG) &l & — MLl A YR i 2
WXz B H T k.
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6,6
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} Rdcmed
fiektm

K5 ez kg (CPG) #EHIER
Fig.5 Block diagram of central pattern generator (CPG)

controller
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B 1) B R T & 43 A B FL LR RSE 5 08U WL
NA KB, W5 B3l A B ] Ge 22 BIRCK. EFX)
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Fig.6 Block diagram of central pattern generator

(CPG) + COG controller
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Fig.7 Block diagram of Human-inspired controller
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JUTEL 2432 (Geometric reduction) 7EfERE H
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A WP B 254, BT AR th B Tz R
57 WAL ()4 il v L IR E AT B 1Y R AU LI A2 LE
M. HAr, EERRT2KEE LA AL,
ApRE L e 7 2155 43 9K Sh S 2 DA % 4 4 % Je 45 b
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4.6 RETISESIEL
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R 9K B X AL A N R Bz s A RO k2 —.
Westervelt 5 F| IR A Z )& B4 T E
— AN IK B B AT = AR TR RUZ AL
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Fig.8 Block diagram of virtual constraint with hybrid

zero dynamic controller
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s.t. DaL(q(0),4(0)) + D1La(g0,q1) +ug =0
DyLg(Qr—1) + D1 La(Qy) +uf_, +uy =0

[

min Jd(qd, ’LLd)

DLy(Qn-1) — D:L(Qr) +ufy_; =0 (6)

y
+
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Qn-1= (qn-1,qn), Qr = (¢(T),4(T))

ke {17 2, N - 1}7 Cy %XXEM%%]\/%%E/‘TIﬁﬁE
FEPRZ oK, — RSO0 T, BN R/ NEERHAE. RSE
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Fig.9 Block diagram of two layers optimal controller
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Fig.10 Block diagram of two layers optimal controller
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Fig.11 Block diagram of transition of PDAC constants
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