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A Stability Analysis of a Biped Walking Robot about Balancing Weight

Kyung-Kon Noh*, Jin-Geol Kim*

ABSTRACT

This paper is concerned with a balancing motion formulation and control of the ZMP (Zero Moment Point) for a
biped-walking robot that has a prismatic balancing weight or a revolute balancing weight. The dynamic stability
equation of a walking robot which have a prismatic balancing weight is conditionally linear but a walking robot’s
stability equation with a revolute balancing weight is nonlinear. For a stable gait, stabilization equations of a biped-
walking robot are modeled as non-homogeneous second order differential equations for each balancing weight type, and
a trajectory of balancing weight can be directly calculated with the FDM (Finite Difference Method) solution of the
linearized differential equation. In this paper, the 3dimensional graphic simulator is developed to get and calculate the
desired ZMP and the actual ZMP. The operating program is developed for a real biped-walking robot IWRIII. Walking
of 4 steps will be simulated and experimented with a real biped-walking robot. This balancing system will be applied to
a biped humanoid robot, which consist legs and upper body, as a future work.

Key Words : Biped walking robot (¢]% X 3 2 ), Balancing weight (7 3 5%), ZMP (3 %), FDM (#3§ &
), 3D graphic simulator (3 XM 2 RoJAF7))
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Fig. 1 System diagram of a biped-walking robot
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(a) Prismatic balancing weight

(b) Revolute balancing weight

Fig. 2 Pictures of biped-walking robots
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Fig. 3 Structure of a prismatic balancing weight
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Fig. 4 Structure of a revolute balancing weight
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Table 1 Mass and centroid of each links

Centroid about the local frame|
Left Leg Support] Right Leg Support
my[ 2.11] 0.015/-0.009 0.043] 0.015] 0.009 0.043
my 3.77 0.036] 0.000 0.040, 0.036] 0.000]-0.040
myf 6.23} 0.070; 0.000/ 0.092{ 0.070; 0.000/-0.092
my 5.14} 0.050; 0.000(-0.046] 0.050, 0.000 0.046
my 6.23] 0.080] 0.000(-0.092f 0.080] 0.000 0.092
m¢ 3.77] 0.114] 0.000(-0.040; 0.114{ 0.000 0.040
my 19.00] 0.000| 0.252| 0.000{ 0.000| 0.252} 0.000
Prismatic balancing weight
mg 4.60] 0.000] 0.000{ 0.023| 0.000] 0.000, 0.023
mg 10.00] 0.000/-0.215} 0.000[ 0.000,-0.215] 0.000
Revolute balancing weight
mg 4.60] 0.000{ 0.058-0.023 0.000| 0.058|-0.023
mg 11.50] 0.000{ 0.270| 0.000| 0.000] 0.270 0.000

Mass[
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Fig. 5 Structure of a 3D graphic simulator
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4steps.walk

[Startwalk

stept.step
stepd.sten
stepd.step
step6.step

Endwalk

step1.step step4.step
[startsten [StartStep
initParametes InitParameter
Supportleg  Ateg SupportLeg  Lleg
Control ZMP Control ZMP
FitingBatance ON FittingBalance ON
Px= 0.0 Pz= 0.3485 Px= 0.07
RFoot Px= 0.0 Pz= 0.0 RFoot Px= 0.0
LFoot Px= 0.0 Pz= 0.0 LFaot Px=0.14
nitDeZMP Px= -0.00 Py= -0.02 nitDeZMP Px=0.10
LastDeZMP  Px= 0.10 Py= 0.02 LastDeZMP  Px= 0.24
ConvertTime 2.0 ConvertTime 2.0
MoveCBase  Time= 2.0 MoveCBase  Time= 2.0
Px= 0.07 Vx= 0.0 Ax= 0.0 Px= 0.21 Vx= 0.0 Ax= 0.0
P2= 0.3485  Vz= 0,0 Az= 0.0 P2= 0.3485 V2= 0.0 Az= 0.0
MoveLFoot  Time= 0.6 MoveRFoot  Time= 0.6
Px= 0.04 Vx= 0.1 Ax= 0.00 Px=0.08 V= 0.1Ax= 0,00
Pz= 0.01 V2= 0.0 Az= 0.0 Pz=0.01 Vz= 0.0 Az= 0
MoveLFoaot  Time= 1.4 MoveRFoot  Time= 1.4
Px= 0.1 Vx= 0.1 Ax= 0.00 Px= 0.20 Vx= 0.1 Ax= 0.00
Pz=0.01 vz= 0.0 Az= 0.0 Pz= 0.01 Vz= 0.0 Az= 0.0
MovelFoot Ylme 2.0 MoveRFoot  Time= 2.0
x= 0.14 Vx= 0.0 Ax= 0.0 Px=0.28 Vx= 0.0 Ax= 0.0
P1= 0.0 Vz= 0.0 Az= 0.0 Pz=0.0 Vz= 0.0 Az= 0.0
MoveDeZMP  Time= 2.0 MoveDeZMP  Time= 2.0
Px= 0 08 Vx=0.00 Ax= 0.0 Px= 0.22 Vx= 0.00 Ax= 0.0
Py= -0.02 Vy= 0.00 Ay= 0.0 Py= 0.02 Vy= 0.00 Ay= 0.0
step3.step stepB.step
StastStep StanStep
InitParamater InitParameter
Supportleg  RAteg Supportteg  Lleg
Control Zup Control zup
FittingBalance ON FitlingBalance ON
CBase Px= 0.07 Pz= 0.3485 CBase Px= 0,07 Pz= 0.3485
RFaot Px=014 Pz= 0.0 REoot Px= 0.0
LFoot Px= 0.00 Pz= 0.0 LFoot Px=0.14
InitDeZMP Px= 0.10 Py= -0.02 initDeZMP Px=0.10
LastDeZMP  Px= 0.24 Py= 0,02 LastDeZMP  Px=0.14
ConvertTima 2.0 ConvertTime 2.0
MoveCBase  Time= 2.0 MoveCBase  Time= 2.0
Px= 021 Vx= 0.0 Ax= 0.0 Px= 0.14 Vx= 0.0 Ax= 0.0
Pz= 0.3485  Vz= 0.0 Az= 0.0 Pz=0.3485  Vz= 0.0 Az= 0.0
MoveLFoot  Time= 0.6 MoveRFoot  Time= 0.6
Px= 0.08 Vx= 0.1 Ax= 0.00 Px= 0,04 Vx= 0.1 Ax= 0.00
P2= 0.01 vz= 0.0 Az= 0.0 Pz=0.01 vz= 0 = 0.0
MovelFoot  Time= 1.4 MoveRFoot  Time= 1.4
Px=0.20 Vx= 0.1 Ax= 0.00 x= 0.10 Vx= 0.1 Ax= 0.00
Pz=0.01 vz= 0.0 Az= 0.0 Pz= 0.01 Vz= 0.0 Az= 0.0
MoveLFool  Time= 2.0 MoveRFoot  Time= 2.0
Px= 0.28 Vx= 0.0 Ax= 0.0 Px=10.14 Vx= 0.0 Ax= 0.0
Pz= 0.0 Vz= 0.0 Az= 0.0 P2= 0.0 Vz= 0.0 Az= 0.0
MoveDeZMP  Time= 2.0 MoveDeZMP  Time= 2.0
Px= 0.22 Vx= 0.00 Ax= 0.0 Px= 014 Vx= 0.00 Ax= 0.0
Py= ~0.02 Vy= 0,00 Ay= 0.0 Py=0.02 Vy= 0.00 Ay= 0.0

Fig. 7 Examples of unit steps
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