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Introduction

-Cooperative Control
A distributed control law that achieves specified tasksin
multi-agent systems.

Example: « Formation control
» Mobile sensor networks
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* consensus
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Wheeled Inverted Pendulum
Advantages
«Easy to rotate

«Take little space to move i
*Smaller friction force (Compared with Omnidirectional Roboti n
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Previous Works

Previous Work : Reserch of Pose Synchronization Control Problem[1]
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*Use mobile inverted pendulum robot :
«Based on two-wheel-robot’ s kinematic |
model without inverting dynamics etc.
Problems
* Inverting dynamicsis not considerd ‘L-_- i
in pose synchronization
» Swinging distracts move of the cart

-
Objective
* Designing local controller with inverting dynamics
» Comparing the designed controller with the existing LQ controller by

verification experiment
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Variable

Variables
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Vaniable
Consdinate of the gravity comer
Coordinate of the wied s coner
[Velocity of the gravity center of the body

Inpust inques in each wheels
Tngt elecirical corrent
Botational meleof each wheel
Angleof the body aroend z avis
Lean of the body
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Parameter Motivation
Parameters of the model Nonlinear Design Tools[3]
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Control law
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Brock diagrams
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Simulation
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Conclusion
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Summary
« Designing of the control system with the dynamics of inverting
by using partial feedback linearization
« Verification of the effect at the simulation of velocity following
with single robot

Future Works
» Programing of the Built-in controller
» Comparison with existing LQ controller by an experiment
« Velocity following with single robot
« Cooperative control (Pose synchronization)
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Appendix
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:‘.E Linear Controller
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Compensator’s I nfluence on Stability
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— - Linear Controller{y, u)
— : Compensator{x,,)
Securing of stability
Compensator and Linear controller
share amost the same frequency band

——
Unable to cut high-frequency band

—
‘| Cut down the gain of Compensator

(Raising LC'sgain isdifficult
because of input’s upper bound)
Analysisin detail : Future Works

+

1790 NUH'IHCP&IT Plant

Wy 'y

i ppnd i

== X xp Ty 3 T

Pantiial Linssvizesl Pt 7

) '|

Simulation Result (Comparison of I nput)
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Simulation Result (Input of the part of PFL)
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Feedback linearization
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Example
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A nonlinear system
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Input-Output Linearization(SI SO)

Relative degree © : —_—
A nonlinear system(SISO) Liederivative
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Relative degree 0
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Cosgp<m
t=1,---,p Observablefromy Feedback linearizable
i=p+1,---,n Unobservable fromu Unlinearizable
Cassp=n Partial linearization
i=1,--- ,n Observable fromy Full linearization
Theoreml
Consider the system  , and suppase it had relstive degree p.
Then for every xp € N, a neiphborhood N of xoexists such that the

&Ep T
T(z) = [R(x), Lrh(x),+- , L i), 6n(z), ++ » bu_ple)]
restricted to N, is adiffeomorphism on N.

%ﬂ('—')=ﬂ(5=1e2-"-|n—p)&T(x) has rank .
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Comparison with Omnidirectional Robot
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Advantage of Mobile Inverted Pendulum

» Small-footprint
» Because of fewer wheels and inverting
» Ability toturnin asmall radius
» Small Frictional Force
» Smaller ground contact area & Difference of mechanism
and the way of moving
e Small static friction
= Ability to movein low speed
* Small kinetic friction
=L essenergy loss




