HE ¥ #Hof AEX{HICS04) 2004 5 22

Dynamic Walking of a Biped Robot
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Abstract -

This paper mainly deals with the dynamic walking of a biped robot. At first, in order to walk in

various environments, it is desirable to adapt to such ground conditions with a suitable foot motion, and maintain
the stability of the robot by a smooth hip motion. A method to plan a walking pattern consisting of a foot
trajectory and a hip trajectory is presented. The effectiveness of the proposed method is illustrated by simulation
results. Secondly, the paper brings forward a balance control technique based on off-line walking pattern with
real-time modification. At last, the concept of Zero Moment Point (ZMP) is used to evaluate dynamic stability.
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1. Introduction
Recently there has been much interest in dynamic
walking in biped robotics. Human beings usually employ a
dynamic gait when walking as it is faster and more
efficient than static walking.

Several methods for dynamic gait generation of biped
robots have been introduced in previous works, such as
geometry planning, fuzzy control, neutral network system,
genetic algorithm and natural dynamics. However, these
methods solution for the full
locomotion cycle. And in the practical application, each of
these methods has some disadvantages that are hard to
overcomef[ll. In this paper, a new approach to dynamic
walking pattern is studied. And it also brings forward a
control method to ensure the robot stable while walking.

Stability is a basic requirement of gait generation for
the biped robot. For static stability, it just requires that
the center of gravity(CG) is within robot support area.
However, for dynamic stability, the CG may lie outside of
the support region. Most biped walking planing has been
achieving dynamic stability. A popular method called ZMP
has been used as a criterion of walking stability{2].

The aim of this research is to design, build and
implement a robot to achieve dynamic waking. This paper
is structured as follows. The next section describes a
proposed method for planning dynamic walking pattern.
Section 3 proposes a balance control technique .Section 4
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introduces the ZMP criterion. The last section summarizes
and concludes the paper.

2. dynamic walking pattern

1. Mechanical Model of Biped Robot

The characteristic of dynamic motion of biped robot are
closely related with it's mechanical structure. In order to
achieve desired performance like human beings, a good
mechanical design following human body structure is
needed first. the mechanical design can be divided into
three phases[3]:

a. Study the structure of
determine the specifications of the biped robot.

b. Select the rmaterials and components to

human body and

satisfy the desired specifications.
C. Comprehend the characteristic and
specifications of the components and design the

architecture details.
2. walking cycle

The dynamic walking pattern can take statistics data of
human locomotion[4] supplied by physician. The main
work focuses on statistics data transformation to the joint
of robot. However, we take feasible mathematics analysis
method to plan waking pattern in this paper.

We consider a biped robot with a trunk. Each leg
consists of a thigh, a shin, and a foot, and has six
degrees of freedom(DOF): three DOF in the hip joint, one
in the knee joint, and two in the ankle joint.

Biped walking is a periodic phenomenon. A complete
walking cycle is composed of two phases: a
double-support phase and a single-support phase. During
the double-support phase, both feet are in contact with the
ground. This phase begins with the heel of the forward
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foot touching the ground, and ends with the toe of the
rear foot leaving the ground. During the single-support
phase, while one foot is stationary on the ground, the
other foot swings from the rear to the front.

AALAA

Fig.1 walking cycle

3. foot and hip trajectory

To be able to walk stably in various environments,
such as on rough terrain, up and down slopes, or in
regions containing obstacles, it is necessary for the robot
to adapt to the ground conditions with a foot motion, and
Lateral
motion is similar with sagittal motion. Only sagittal motion

maintain its stability with a torso motion[3].
is discussed in this work.

First, we formulate the constraints of a foot trajectory,
and generate the foot trajectory by 3rd order spline
interpolation. By setting the values of constraint
parameters, it is easy to produce different typed of foot
motion by varying the values of constraints parameters.
Then, we formulate a hip trajectory using a 3rd order
periodic spline function, and derive the hip trajectory with
high stability. From the viewpoint of stability, xh(t) is the
main factor that affects the stability of biped robot
walking in sagittal plane. Finally, the effectiveness of the

proposed method is illustrated by simulation examples.
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Fig2-7.Ankle and hip joint trajectories and their related
velocities along x direction.
4, actuator specification--motor torque

To compute the required actuator specifications such as
torque and velocity, it is necessary to accurately formulate
and solve the equations of the kinematics and dynamics of
the robot mechanisms Fig.8. Here, the mathematical model
for robot is established, including the joint coordinate,
and derivation of

determination for link parameters

Kinematics and dynamics equations.

Fig.8 Body coordinate based on D-H rule
Dynamic Analysis not only considers the effect of
velocity and acceleration, but also needs to think about

torque.
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Fig.9 Joint torque.
The output curves of the joint torque demonstrate the
chosen motor and the whole robot frame feasible.

3. ZMP and Robot Stability
The stable criterion is still the general one: the ZMP
poison must be restricted within the support area strictly
The ZMP is defined as the point on the ground where
the sum of all the moments of active forces equals zero. If
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the ZMP is within the contact polygon between the feet
and the ground, the biped robot is stable. ZMP coordinates
are computed using a model of the robot and information
from the joint encoders. ZMP equations are as follows:[5]

m; (Zi +9, )Ii - mi(xi +.:91 )Zi

1= 1=

xzmp = n
mi (Zi + gz)
4 m,; (Zi "f'gz)yi - m; (yi +..9.y )Zi
yzmp == n 1="
m; (z +gz)

where(Xzmp,Yzmp,0) is the coordinate of the ZMP,
(Xi,Yi,Zi) is the mass of link i, g is the gravitational
acceleration.

A method using six-axis force sensor to measure actual
ZMP is presented. The best position to install sensors is
under the ankle, that is, the nearer the ground is the
better. here, the sensor is installed inside the feet{6].(s is
six—force sensor, p is actual ZMP point )

Fig.10 Installing of six-axis force sensor schematic
Based on D’Akanbert’s Principle,
formulas for computing actual ZMP

we can get the

4_ Balance Control

Since a biped robot tends to tip over easily, stable and
reliable biped walking is a very important achievement. In
this paper, we propose a balance control method based on
an off-line planned walking pattern with real-time
modification[7]. For this study, however, the embedded PD
controller inside each RC servomotor is to take control
when the
commanded

tasks reference value of each joint is

in an open-loop fashion. the structure of

balance control is shown in Figll.

pasttion Fredeark

5. Summary and Conclusion

In this paper, the walking motion of the biped can be
determined by the hip and foot trajectory. Cubic
polynomial is used to generate the hip and swing foot
trajectory. The control strategies were designed based on
the specific character of robot. Zero Moment Point
criterion is used to ensure the stability

We can find this solution of gait-programming its
feasible from the track curves of joints, the ZMP curve,
the output curves of the joint torques and other results of
the simulation performed with Matlab.

With the method mentioned in this paper, the future
work is to use one softwarée called Yobotics Simulation
Construction Set for motion simulation and applies to real
robot for achieving dynamic walking based on the
proposed method.
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