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Figure 3: Plot of the variation of the standingdeg angle over time for 10 steps in the HZD and PD control methods (
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Figure 4: State variable plots for one step of the robot under the/HZD and PD control methods with different gains

14



—P=20
— W P=40
KP=80
--— =70

— =20
e i D= A1)
KP=80

= = =HzD

0.6 0.8

— P20
— | D= A}
KP=80

= = =HzZD

o b (b (owlid Wiyt 9 (oS ¥ Yo Seolud (J 58S b g 50 Sl
s

Figure 5: Phase diagrams of limit cycles for one step of the robot under the HZD"and PD control methods with
different gains

15

0.6
H3(rad)

0.8

pE S sl p oo $as 2 loged i S5l



9 KP=20
T KP=40

1
20 P S , KP=80
40

i

@

=
=

100
0 0.5 1 15 2 25 3 3.5
Time(sec)
30
KP=20
Ty ~ KP=40
4 ’ KP=80
— \. # ' #
£ 0 N v 2 1 - = =HZD
e === '
N ' :'l
-an i
}
!
50
0 0.5 1 15 2 25 3 3.5

Jime(sec)

b o owlid Wilygomy g (o5 5 yho Saolid (J A0S gy Ol ) cS o o5 o gl p (J 7S slayglidS jloges :F YK
Gl g s

Figure 6: Plots of control torques for one step of robot metion for the HZD and PD control methods with different
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Table 2: Comparison of the average control effort, leg timing, and average velocity of the robot under two control
methodswith different control gain coefficients for one step
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Parametric Study of Model-Based Dynamic Control
Methods for Enhancing Locomotion in Underactuated
Biped Robots. Case study: Hybrid Zero Dynamics and

Proportional-Derivative Feedback
Roozbeh'GhanadiAzar ?, Mohammad Reza Haghjoo *, Mostafa TaghiZadeh ?

# Faculty of Mechanical and Energy of Shahid Beheshti University (SBU), Tehran, Iran

ABSTRACT
In the field of biped robot motion control, the parametric study of model-based dynamic control methods

holds significant importance. Thisiresearch.delves into a detailed examination of the parameters of model-
based dynamic control methods, specifically the Hybrid Zero Dynamics (HZD) and Proportional-Derivative
(PD) feedback control methods, to enhance theflocomotion of underactuated biped robots. A three-link
underactuated biped robot without a knee joint with three degrees of freedom is used as a case study, and the
dynamic equations for this model are extracted in"both_continuous and impact phases. By comparing and
analyzing the control parameters in the two mentioned methods,robot simulations are executed in MATLAB
software, and the results are compared and discussed. Furthermore, the effect of variations in control
parameters in the Proportional-Derivative feedback control method.is evaluated and compared. The results
indicate that the Hybrid Zero Dynamics method generates more symmetrical and uniformly paced movements
compared to the Proportional-Derivative feedback control method, with lower control effort. Increasing the
control parameters in the Proportional-Derivative feedback control'methodbrings its results closer to those
of the Hybrid Zero Dynamics method, accompanied by a reduction in control effort. dn"addition to presenting
results, this study meticulously examines and analyzes control parameters, whichscan,contribute to the
enhancement of bipedal robot performance.

KEYWORDS
Biped robot, walking dynamic stability, Based Dynamic Control, Proportional-Derivative
feedback, Hybrid Zero Dynamics
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