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The proceeding of legged robots has been expanding the application fields from

industrial fields to the medical and rescue fields, in comparison with the other
proposed robot; the important factor of legged robot is the way of movement on
irregular grounds. However, designing an effective walking control system for a
legged robot on unknown terrain is complex. It required not only efficient
mechanical dynamics arithmetic for simulation, but also an adaptive walking
control system. ' '
- There are many important contributions about mathematical analysis of the
robot dynamics have been developed steadily to simulate the motion of legged
robot simulation system. Lagrangian formulation is traditional method to calculate
the wvelocities and acceleration of robotics systems. However, there are
superabundance algebraic constraints in the inertia matrix. The dynamics matrix
will become difficult to solute the inverse dynamics in real time during the robot
moving when external force is influence such as ground friction.

Featherstone's Articulated-Body Algorithm can calculate the mechanical
dynamics model of quadruped moving efficiently. The principle of this algorithm
can be described by tree-structure mechanisms. Each part of quadruped robot can
be constructed of multiple-degree-of-freedom joints in a hierarchy structure. The
articulated bodies of the robot are consisted of a rigid body tree system, in which
each handle stand for an individual rigid body of the quadruped robot and each
branch is connected together with the robot's body. Through recursive analysis of |
frictionless rigid-body contact betweén the joints of robot's leg, the dynamics
- |lequations system can simulate the motion of quadruped robot in the complex
|surface.

We also proposed an adaptive gait control system for a quadruped robot
traversing over irregular terrain with intermittent crawl pattern used central
|pattern generator (CPG) networks with motor dynamics. A new CPG model for
adaptive walking control from our previous research has been developed. The
CPG model includes two DC motors, instead excitatory unit and inhibitory unit,
for controlling the robot's joint directly.

In this neural system, the joint DC. motor functions, not only as an actuator but
also as a component of the CPG model with sensory feedback. Four CPG models




make up ‘'of a CPG network to generate an adaptive walking gait as the robot
walks. , . ‘

In order to testify the effectiveness of proposed CPG unit, we have to adjust the
paraméters of the CPG difference equations for the period signals. Through the
limit cycle analyze, the different equation of CPG unit have an ability to generate
the stable proudly signals. By arbitrarily changing the parameters, CPG unit has
an ability to vary the frequency and the amplitude of internal states.

In the CPG network, CPGs have internal feedback and ext‘ernal“input signals
which can automatically change the arbitrary values depending on the road
surface change. By using gyroscope, the robot has a capability to get the roll
|angle of robot's body. Through changing the plural parameters of the CPG
network, the CPG unit signal can be on-off states for achieving the intermittent
crawl pattern walking. For recognizing the angle of the slope, we propose a stable
range of the body's roll angle. If the robot is walking on an irregular road and the
body's angle is out of this range, the gyroscope sensor will be feedback the body
angle to the CPG network. For changing the parameters of the CPG network and
using the plural feedback information of the CPG networks, the quadruped robot
can move on irregular terrains.

In this paper, the adaptive walking control system using the new CPG model
including DC motor dynamics for quadruped robot has been proposed. During the
robot walking, CPG units can automatically change the arbitrary rhythmic values
|depending on the different road condition. The new CPG model has a capability to
generate the regular signals for the quadruped robot. Moreover, by changing the
parameters of CPG network and using the plural feedback information, the
quadruped robot can walk continuously on the irregular terrain. By using the
complex feedback value, the robot can avoid stumble on an obstacle.

The superfluous calculation of dynamic is needless when the robot walks on the
irregular terrain. In order to confirm that the proposed CPG network can generate
a series of adaptive gait in different kinds walking environment, we carried out
experiments involving the walking on an up-down slope.

The results of the experiment demonstrated that the proposed CPG network can
autonomously generates the suitable periodic motion patterns of each joint in
different surface condition.
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Study of Adaptive Walking Control for Quadruped Robot Using CPG Network w1th
Motor Dynamics

E—F OSSR ETAHC6R Yy FU—Z AWl e R v b OBERBRTHIEICE T A5

BEEM/ROES

AEFRIT, RETFEHIZRBIT S 4o R v N OBESRBREAER ARG T 7o
—FIESNTITo TS, APREHBI T 7o —F 1L, £PoRARIMNZESR % 5 54
RIRE T 2 L 7= T3 7 )\ Central Pattern Generator (CPG) @ U X A4 pkigE
%wt%wf,@ﬁ@mm%ﬁﬁﬁ%btaﬂﬁybv-&mﬁ%a%ﬂaﬁ%%
FIA L CHEEEFLERT . #ﬁﬁfﬁiﬁbnﬂjﬁ%ﬂ&)ém i3E#HTHNIE, CPG Ry hT—7
Z 4 vy OBSERSARKIE LTHWY, B @Du%@%u%%ﬁﬁ?h
XEEATIIHWBESZIZCEERTE S, LML, RaTE#ME DV IBRESLIZME,
rAy NORNERESEPEL LB, REMTOERTUIRBEEL 25,

FITAWETE, HORBEE 77 Fax—F O8NS 8 -7 CPG 5/
FREL, 77 F 2o —F OBMFHEELRAEUITIE U T BRI RIE Y — B HE
FRETHHIEZENDTND. £, 8BTS CPG ETNVEERBEMRERE LT
CPG ARy MU —ZICL D BBFEEENTRETH D ELHEREL TS, 3512, BREE|
LIS CTHRAYNASE AR TES LY, Ry MOREERSE CPG Ry
NI =27 4= F Ry 753 RFELEBELTHA.

BEFEOFYMEE, 4 HeRy 1\0)@573%%7‘/1/%ﬁ1«‘7’1_3/1: a—H¥Ial
— g VIEITIZ LD, BRe e REARMBE A EE UCEMICRN LTS, i,
4Ry PEREH -RIELTErRy FUVRTLARHEEL, ERTCHREFEOSF
AR BN LTWS. BT <, R RBOEr R v M X ABITERICESLT|
WA RITEFITE 3, :

LI, xR BEEOERESHITEEDOEREL, S5, &0 BN FETEH
TOHFOERNBREL LTET LN, AFECLSBROREIIFHHBTE 5.

UEOFRRIZEY, FmtidEL (%) oFMBEIETIHOLHEETS.




