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Multi-Dynamic Models of a Thin Single - link Flexible

Manipulator
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Abstract

In this paper, the Euler-Bermoulli beam thcory is applied to investigate multi-dynamic models for
a thin single-link flexible manipulator with dampings. Detailed analysis and derivation are given to
support the dynamic models of .this particular flexible mechanism. There are two significant damping
effects for the arm models, which are air damping (as the external damping) and the Kelvin-Voigt
damping (as the internal damping). The MATLAB simulation results for the modeling are performed to
observe the significant vibration modes comresponding to various types of the motor {located at the hub)

and loading conditions (at the tip of the arm). The results are compared graphically to each other.
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A POSITION CONTROL FOR LIGHTWEIGHT CARTESIAN ROBOT ARM
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A BICYCLE ROBOT: PART I MODELING AND CONTROL.
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Abstract In thes paper, a simple fuzzy logic based intelligent archutecture 1s developed for controtling

a bicycle robo

obtained by simply eonsidenng the robot as an inverted pendulum in 3-dimensional space.

The approximated maodel for membership functions and control gains can be

The

obtained model 15 merely a conceptually ¢stimating one because the rmusmatch modeling and the
uncertainty will be taken care by the mtelligent controller. Simulation results 2re camed out. The
hardware realizanon and implementation will be shown in Pant 2,

Kewvwords: bicvele robot. furzy logic control. modehing. intethgent control, two wheeled

rohot

! INTRODUCTION

In acadermia, dessgn of an inverted pendulum
control system may be considered 2s a “benchmark™
for 2 course in control. Since the plant is inherently
unstable and nonlinear, if the designed controlier is
successfully controlled the plant, it 15 adequately
guaranteed for controlling a linear and stable one. In
practice, the controller design for that problem yields
a good experience on modeling, design, and stability
analysis for various types of controller design.

To make an inverted pendulum control system
more attractive and challenged, this paper describes
design of a bicycle robot control system as a new
benchmark for such a system paradigm.  In this
study, the robot named “Robobike™ 1s designed and
built as shown in Figure 1. Even though this rype of
robots is not popular, compared to robot arms, it has
been atiracted attention from some researches. In [1],
the internal equilibnum controller is designed to
track a target path, mathematical model and
simulation results of a bicycle are grven. However,
the hardware realization. system implementation and
experimental results 1o evaluate the real-world
performance have not studied yet

Our study is divided into two parts. Pant |
focuses on modeling and design of the robot control
system as shown an this paper Part 2 concemns with

501

hardware realization and implementation  as

presented in [2].

Figure 1. Robobike: A bicycle robot.

2. SYSTEM MODELING

It is not easy (o model a complete mathematical
model covered all behavior of the bicvele robot.
Besides the nonholonomic constrainis and nonlinear
components, the vague behavior of the lateral tire-
road forces makes complication 1in derivanon of the
exact  mathematical model of the robot.
Nevertheless, we can ride and control a bicycle
without knowing its mathematical model. Obviously,
this implies that this type of robots 15 completely



controllable by purting human 1n the loop of control
and the suitable automatic contral may be realized

As we have itnown for that a
designed fuzzy control system has been successfully
apply  to solve many  reai-world :
problems, especially, the problems or systems which
are highly nonlinear, uncenainty, complen and
having parameter fluctuation (3], Forunatelv. to
design a fuzzy control system. an exact mathematical
model of the plant 1s not requited However, the
mare we hnow about the plant informatian. the betier
the design would be  Since we plan to use a fuzn
controller combined with a hierzrchy contral scheme
to control the robot. a2 mathematical approximation
of physical model of the robot s first carried out in
this section 1o estimare control parameters.

many  nears

engineering

A simplified model of Robobike can be depicted
in Figure 2. The objective of dertvinz a simple
mathematical model is to use it in the simulation for
a rough performance evaluation on implementing a
fuzzy logic controller for the robot in order 1o track a
given route while retaining balance Frem Figure T,
for simplicity. we consider the rebot as an inverted
pendulum in the 3-dimensional space. The top view
of the robot's lateral mouon wih respect to the
reference line is illustrated in Figure 3.

Assigning a reference axis in the 3-dimensional
spacé and applying the standard D-H conventional
method [4], the location of the robot can be
parameterized by using the rear wheel contact with
the ground as the position on the x-y planc. In this
study, however, we focus on the local reference
frame of a ground track kinematics model of the
robot. The forward velocity of the robot is V, L, is
the distance from the rear wheel contact point to the
center of gravity, L, ts the distance from the center of
gravity to the front wheel comtact point, L is a3
contact line between the front and the rear contact
point defined as L,+L;, and H is the height of the
center of gravity measured frem the contact line
along the pendulum axis in the vertical direction.
To parameterize the balancing  and tracking
parameters, the steering angle @ is considered as the
system input and the roll angle B is the output
parameter, whereas the yaw angle ¢ is an angle that
the contact line makes with a reference line. Note
that the lateral distance of the center of gravity
projected on the contact line is &cg. and the [ateral
distance of front and rear wheel contact are & and

&, respectively.

According to Figures 2 and 3, the following
cquations are obtained:
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de
d:F =¥sin{g + a) (B}
dg
A = vin(g) 2
e Lep mbyop 3)
CG L
¢ = drcsini—E— Ry (4

Consider the inverted pendulum aspect of the
robot and use the method of Newton, we obtain:

(mH? w1 )P mH &= mgH sin(B)  (5)

C

Figure2. A simplified model of a bicycle robot.

d& £
dr

d& R
dr

e
4t

Figure 3, The top view of the ground contact
kinematics.

Differentiating (3) with respect to time and with
the aid of equations.(1) and (2), we have

V(Ll sin(g +a) + L2 sin(¢))
L

Eco = (6)

and



1’(L‘ cog + ale+a) - L, cos(e) @)

= CG L
Solving the above cquations 2ad assuming thar
the lateral displacement can be considered as the
perturbation of the forward moton resuluing the

()

tineanrsed model. we get

-

R . .
(mil ™ 4 ."(_G)ﬂ—mg.‘fﬁzl._:a*-fa (&8}

[

Equation (8) describes the relation between the
roll angle B and the stecring angle = as the input of
the system. Based upon (8), we czn construct a state
space model, obtain a wansfer function, or draw a
strnulation block diagram as desired. The nght hand
side of (8) also suggests the narural control law for
balancing the robot. Two parameters will be
considered in designing of a controller, which are the
steening angle and its angular velocity. The
controller design will be performed in the next
section.

3. CONTROLLER DESIGN

Unlike a conventional bicycle, “Robobike™ s
designed for automatic running. Morzover, it can be
controlled remotely by radio signals  In other words,
there are two control modes, which are automatic
and manual modes. The control specifications are
that Robobike can track a target roure while retaining
balance.

In the light of system realizaton, using only a
built-in gyro-servo regulator as a sensor and an
actuator to take care of the balance task cannot
accomplish the overall systern performance.  For
example, in the bad road conditton, a linle stonc on
the road can make the robot falling down to the road.
The abrupt disturbance as an unforeseen input
disturbance could go beyond the threshold or
capability of such a built-in gyTo-servo regulator
available in the market place. If this is the case, the
systermn needs the extra sensors (o iaform the
controller. As a solution, the mercury switches may
be integrated to the sysiem to detect an emergency
case. If the switches send the signal to the
contraller, the - appropriate action shall be taken
urgently. The readers are referred o (2] for mors
detail about hardware implementation.

In this section, we¢ focus on desigmng a furzy
proportional-integral-denvative (PID} controller
combined with a hierarchy control scheme to achieve
the control specificaten mentioned in the above.
The fuzzy PID controller used here 1s employed 2nd

Lh

(W]

modified from [3). A set of the control law
derived from the common sense along with utifizing
a regulate function of a builtin gyta-servo device.
The logical rule bases for selecting a controlling
mode for the Robobike systern are as faliows

Rule A~

IF the roll angle +s small,

THEN let the gytoscope and the regulator mside 11
performs the tash,

15

Rule B
IF the roli angle 1s medium,
THEN the fuzzy PID centroller takes the action,

Rule C:

IF the roll angle 1s big as the mercury switches sent
the signals to the microcontroller,

THEN tumn the steering angle to the opposite of the
falhing direction and increases the speed of the robot.

Three main pnnciples of the overall control law

‘can be fined tuned as desired. The block diagram of

the designed control system is depicted in Figure 4.
According to Figure 4., there are three major control
loops.  The loop called Human-in-the-loop of
Control is 1n the manual mode. This loop can be
performed remotely by using a radio remote control.
The lower level loop and the upper level loop
correspond to  Rule A and Rule B of the overall
aforementioned IF-THEN rules. In fact, Rules A, B,
and C can be realized as the switches for selecting a
control loop in Figure 4. Based upon the control
architecture, the system can be considered as an
intelhgent system.

} Aegulator Syniem T TTTTTTmS oS -

High Leved kmeRigert
Comrot Sywier

Figure 4. The designed control system.
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Abstract: Uulizing theory of the secondary quantrzation, a study of vibration behaviors in flexible-

link robot armns 15 possible in microscopic viewpoints.

Thes paper studies the relation of vibration

related 1o phonon coupling interaction by means of Green's function method beginning with energy
model. Results confirm analytically the existence of the relationship between the macroscopic study
employing a classical beam theory such as the Euler-Bounouh theory and the proposed microscopic
method. The approach presented in this paper may be an alternative way to gain some insight into
the real vibration and damping mechanism of flexyble-link robot arms.

Keywords: flexible arm, vibration theory, phonon mechanism, vibration behavior, flexible-

link robot

1 INTRODUCTION

Due to some advantages of flexible-link robot
arms over the conventional ones such as lower
energy consumption, less overall mass, and faster
system responsecs, various basic rescarches on
flexible-link robot armms in both science and
engincering aspects have been intensively camed out
{1-5, to name a few]. However, the flexible nature of
the link of the arm induces the vibratien of the
structure. Attempts to construct a model of the arms
including the vibration behaviors have been an issue
in this area. However, the perfect model has not yet
been obtained because the <comect damping
mechanisms in beam have not perfectly understood

yet [6,7].

Although the Kelvin-Voigt damping has a geod
physical meaning. by which the vibration medes lost
there energy to the resistance of the beam material.
but this types of damping overdamps the highﬁr
modes as reported in [7]. According 1o [7]. the A
operator damping in [§] scems (o be malhcmatic.ally
fit the experimental data, but the insight of physical
meaning is not obviously tllustrated.  Hence the
correct damping mechanisms in beams are still
illusive, and are required more studies and further

investigation,

519

In recent years, the knowledge of quantum
mechames has  been introduced 1o control
engineering {9-10]. Few papers on quantum control
have been pubiished. The area of applying
knowledge in quantum mechanics for problem in
control system has considered as in its infancy stage.
Not only the framework needs to be clarified in the
areas, but also the knowledge about using the new
thinking tools is also required for control engineers
to carty out their work and apply to problem-solving
processes fallen into the new paradigm.

This paper attempts (o pioneer such an
investigation on applying the secondary quantization
known and used in physics since the World War II to
introduce an alternative way of thinking for control
engineering and robotics. At the same time, the
cqual important objective is paid on the scarch of
understanding the wvibration mechanism in the
flexible-link robot arms, while relating and depicting
the microscopic viewpoints to the macroscopic
world.  Some insight is expected to gain in this
research along with the demonstration of applying
tools in quantum mechanics te robotics and
automation.



To begin, the energy model of phonons as ihe
vibration quasi-particle acting quantum mechanscatly
and as collectne oxaitations together with therr
interaction an the whole lattices 1s given yn Scction
2 Sccnon 3 shaws marhemancal methnds such as
the propacators, approstmanion and diagrams lor
many-body  systems new  1ools n
robotics, automation and contrel engincenng. The
finding results along with divcusvon and conclusion
are presented in Scecuon 4 and § a< i fashion

ax relatieely

2. ENERGY MODEL

Phonons are known as “bosons” or parmicies
obeyed DBose-Einstein stausucs [11] Having
considered a flexible-link robol arm as a beam. we
now think microscopically that phonens are pumping
into a flexible-link arm created from the excitation of
input cnergy while the manipulator isin an operation
mode. In alomc scale, the proposed Hamultonian
system for phonon mechanism 1n beam s formulated
as

M = Zg‘b;h‘ + Z":*‘
: : (1)
=S THkNG, 2N, )

Here the first two ferms represent  the
unperturbed term or the Hamiltonain for a set of
phonons as oscillators extending through the whote
lattice. where the second term is the encrgy af the
ground state level of the phonons. The

operators b, , b, are the anathilation and creanion

operators obeyed boson comymutation rules:.

[6,.6,1=bb] —bb, =d,.

[b,.b,1=bb, —b,b, =0, (2)
(b7 b )=b b, ~ kb =0.
third term in cquation (1} involves the

The
interaction among phonons with the lattices and

themnselves, and V(k) s the paramclizing
microscopic mechanism of interaction acqutred a k-

dependent frequency.

Since the perturbanon term could be equally
large as the unperturbed one, the formal pcnurballon
technique cannot be used. Moreover, upon hiting,
lattices could absorb the phonon cnergy effecting
probability amplitude of the phonons, making V(K)
as a time dependent functon. To cary out the
analysis, the Green's function propagator method
will be employed in the next section.
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3. GREEN'S FUNCTION AS PHONON
PROPAGATOR

The propacator method treated by using Green's
funcnions and dagrammatic 1echmiques as shown in
Section 4 have successtul apphied to exrract “bnow-
why™ 10 many macroscomcally physical phenomena
such as low temperature superconductinats, phase
ransstion of matter, fermomagnetc bebayvwaes, snd
other m nuclear physies and quantum
clectronics. n
method the poles of the proapagator prasides the

Uising the standard

problems

the Green's function propagatog
encrgies of the excited states
treatment of the Green’s function and taking the
Fournier transforms, we have the propagator in the

forms of

-

Glhk.w) = Jd!c“"G(k,!)

Rl

(3.

where
Gk, 1y = =i <OT1h ()b (00> (4).

The ket vector | O > represents the pround state
for the system of interacung phonons, where the T
operator is the time operator for bosons having

property”

Tla() i)} = alt )B4, if 1, > 1,

. (5).
= A{,))a(y) if 1 <,

The physical meaning of the Green's function
propagator in (4) can be directly read off as the the
probability amplitude that a phonon in the state k is
pumped into the interacting ground state at time =0
and propagates in the system, which the phonon in
state k at tume t =t and t>0 can be observed. For the
non-interacting casc for which a phonon propagates
freely, we assume G (k.0 in the form of

Gk 1) =—id e (6.
and the backward in time propagator for the free
propagation of a phonon can be obtatned by
changing the +t in equation (6) to —t.

Taking the Fourter's transform of (6) as defined
in (3), and using the residue theorem, we have

) 1
Golk,w) = ———
w—w, +id
Here & represents the positive infinitesumal used
to remove the oscillating terms at time  approaching

(7).



to infinity, which may be related to the dampiny
feature

Stmularly, for the backward phonon propacation
in time as aforementioned, we have

N [
Gy how) s ——————
W+ (g =i
4 ANALYTICAL RESULTS AND

DISCUSSHON

Lisina the  Hewsenberz  picture and e
Hanuitonian wiven in equation {1and then taking the
Fourier transform defined 1n (3). the equation of
motion for each Green's function propagator can be

obtained as shown by the Dyson’s equanion:
Glhk,w)=Gy(h,w)+ Gk w)ZGk w) (9).
where I is the self-enerzy defined as

T =)+ I GN <1 GT )
(10}
Equation (8) can be found by summing all
possibility sequences of interaction between cach

phonon and lattices or among phonan hitting other
phonans. With the aid of Fevnman diagrams, Froure

1 can be obtained

—>—
— . = . S

G(k.B)

I

~.

- @B

Ficure !, Expansion of phonon propagalors.

The symbol B represents an Interaclion al ime
t Assume also that each interaction with the lattice

the phonon lost its energy (o the lattice resulting 3
vibration effect The summing of all phonons
propagators via statistical average would effect the

lattice to vibrate upon hiting. The more hitting rate
of phonons 1o the whaic lattice, the higher the latice
vibration and the more energy lost from the phonons.,
Ihis  physical associates  dampeng
mechanism would guarantee the convergent of the

phenomena
sernesan Figure )}

Framslatinge Freure 1 oento an equation, we then
vt
Gt + GG+ GG« G VGG,
GGG
(SRY
We sum up the series in {11) by using the
veometric series 10 pet equation (9). Alternatvely,

the series can be summed graphically as shown in
Fioure 2.

Fioure 2. Dvson's equation as shown in equation {(9).
With the damping mechanism, thus the G(k, w)

form helds only for w satsfying the convergence
condition that
|G, (k. w)Z| <1 (2).

From (10) with the aid of the geometric series, we
have

(k)
Y= (I3).
|- (G (k. w)
and
PG (howy| <] (14),

We now reach the condition for w range in which
the phonon propagators to be valid as shown by the
inequalities (11) and (14). Again with damping
mechanism associated with phonon-lattice
interaction  of both forward and backward
propagators, prove for convergence of equations (11)
and (14) to hold can be omitted and further
assumptions are not required

it is easy to see that we can get renormalized
phonon frequencies from the poles of G(k.a) by
using equations (9} and (10) by direct substitution .



For example, 1f the interaction term 1s assumed to be
in the form of

) |
P Ay = e, cos{ha)

{1

which s the torm obtained from considening the
atoms of the flevible matenal vibrated harmonicalis

witho couphnge constamt — e’ and  anteratonng
¥ 5 .

Jistanoe a0 we can obtain

1
(1= (2 = costka))
Bl

Glh o) = (1)

o+ (;)j(] —cos(ka))

In equation (16}, we drop the damping assecsated
term & out for the sake of comvenience. We then
hive the renommalized phonon frequencies (rom the
poles of G

fu:r.-),,(l—cos(ka})-’ (17

A5 we can see. equation (71 s nothing but the

phonon dispersion law, This implies that the phonon
mechanism rules out the vibration, microscopically,
The wibration modes  alse mobe with ths
mechamism and the senies frencation using only the
dorminant modes 1n consideration can be done by
emzlosing the nequalites (12) and (14).  The
question of how many modes exst or should be
included 1n modehing and control of the flexible
robot arms can be now partly answered. analynically
and mmtvely

Referring 10 [3}. Figure 3 15 plotted based on
Timoshenho beam theory. The curves imply some
insicht ato the effects of mucroscopic world by
pho;.on mechamsm resulung masroscopically via
statistical average of the collecnive  eacitauen
phenemena Some evidence relanng ta the dampln‘_.:‘
effects and vibration modes dus to the decreasing of
the probability amphtudes of phanons upon hittine
jnteraction  together with  the
corresponding  to  phonon

Jatuce and other
macroscopic  effects
frequencies are shown.

Concerming @ question of the control spall ovesr
effects in which the nappropriate control signal
evcites the neglected mgher order vibraton modes,
there 15 no ddifficulty to this  question
nnntively in the hght of inequahnies {(12) and (14)
Let us recall the meanmny of the “self-energy.” This
term here can be interpreted as the case that the
ordinary phonon nteracts wath many-bady system

answer

Consequently, the intcraction creates the collectine
excanon effects viewed as “the cloud” and the ¢loud
The phonon
Hence, the other way off
that
changes its ovn cneryy by anteracning wathatself via

moum reacts back on the phonon
mot:on s then disturbed
looking at lus phenomenon

1 the phonon

the svstem

In normal case. the amphirudes of the highes
order vibration muxdes aie less than the lower order
ones. which holds mucroscopically for probabihity
amplitudes ol the phonuns ihe cantrol sienal s
gencrated an order 1o wuppress sl vibratnon modes.
If this cannoi be comploetels done. at least, the
dominant Jower order mades should be inherently
presenved  [nocontrast to the vood controt faw, the
mappropriate control signal pumps more phonons

into  the  system The pumpine phonons  then
exchange encrey with latnice and among themselves.
With the collective excitation effect, either low

frequency phonons the environment around
themselves could transfer their energy back 1o the
hsgh frequency phonons. The control spill over
effect 15 now descnibed mucroscopically. [t s
possible to show the explanation mathematically and

should be a topac 1o be covered for the future work

or
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Figure 3. The first fise vibration modes of a pined-
pined model flevible-hink robot arm [ 3]

5. CONCLUSION

In summary, we have wsed a theory of the
secondary quantization in quantum mechamics o
study vibration behaviors of flexible-link robot arms.
The relation of vibravon related 10 phonon coupling
interaction 15 studied by means of Green's funcuon
method beginming wath energy model.

The major aesult s anzbyvucatly confirmed the
lugh posstbility to study the tepic in microscopic
viewpoints by emploving the methods shown in this
paper.  Intwitrvely, the existence of the relationship
amonyg the macroscopic studies empleying classicat



_ theonies and the proposed micrascopic ones should
be agree in sense of [soking at the macroscopic
effgcts as a statistical average of the collectively
microscopic behaviors

Based upon the best of the literature review of
the author. this weork 1s perhaps the first attempt 0
study the vibranon of tlexible-link robot arms
microscopic pomnt of views using quantum field
theary. The approach may be an altermanve way to
gain some instght into the real vibrahon mechanism
and 1o reveal the comect damping mechamsm of
flexible-link robot arms, which would benefit for the
future work and further investrganan
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Abstract: This paper presents the realizatton and implementation of a bicycle robot using
the control scheme designed in Part 1 The control hardware architecture of the robot
consists of 1:1t sensors, a tuming contrel umit, a driving umit and a m:croconuoller. In a
control ¢ycle, the functional mechamism can be descnbed as follows: First, the ult sensors
sense the state of the robot’'s balance posiion and then send the signal to the
microcontratler for penerating a control decision based on the control law. After the final
fuzzy control decision has been made, the output signal will be sent to the turning and the
driving control units 1o track the desired path while retaining the robot in balance.

Keywords: bicycle robot, fuzzy logic control, modeling, intelligent control, two wheeled

robot

I INTRODUCTION

Implementation of a bicycle robot is a challenge
topic tn robotics and control engineenng. This type
of robot can be considered as an inherently unstable,
nonlincar, and complex plant. This paper takes that
challenge to be granted. Moreover, it 15 more
challenge to build the successful system with a himit
budget. “off-the-shelf” motors and other used
hardware components In doing so. a bicycle robot
named "Robobike™ is designed by two of the authors
in [1}. and is then built the real svstern as presented
in Figure 1. Two small supporting wheels shown 1n
all Figures appeared in this paper are used for safety
reason and will be taken awav dunng the test.

Since a bicycle has an inverted pendulum-like
feature in the sense that it will fall into the ground if
no control action from the nder or absence of a
supporting stand, one mught think that this problem
can be solved easily by using a technique appeared in

a control texthook. Unfortunately, the real world s

neither always linearized nor predictable in all cases,
even the simulation shows a sausfactory result.

For instance, one may realize a built-in gyro-
servo repulator available in the market places as a
sensor and an actuator to take care of the balance
task for the system. Such an implementation seems
10 be finisned because the gyroscope as a tilt sensor
can detect the rell angle of the robot and the servo
inside it can send the control signal to control the
robot. Moreover, the gyro-servo popularly used for
controlling a hobby vehicle such as a small
helicopter has a balance regulator inside, With a DC
molor to drive a rear wheel, the hardware
components would be perfectly fit the control system
as suggested by the simulation.

Like most of the cases, the simulation often
performs under a cenain assumption for sake of
simplicity and convenience. The above hardware
realizatilon as suggested by simulation cannot
accomnphish the overall system performance because
of lacking of consideration for robustness. For
example, tn the bad read condinon, a Little stone on



the read can make the robot talling down 1o the road
The abrupr disturbance as an nput
chsturbance po  bevond threshold
capability of such 3 builtin gvro-servo regulator

unforeseen

could the or

In addinon, the a2bove realizanon as aor able o
retarn a balance 3t the hirst moment of the uperation
because the torque of the builliiin gyvtoservo for
small helicopter is toe small io drive 3 handlebar of
the bitevele  Hence, the 1orque necds 1o be amplhified
by adding a biguer semvomotor 10 prisduve adequate
As we have seen seme lumtaton of using
bardware

torque.
the simphfied simulation
implementation. Nevertheless, the simulavon result
inferms us about the probiem n hard s feasible to
implement, but more robustess and the practical
constderation need to be enhanced. The 1ssue 1s
presented tn the neat section.

alone  tor

Mercury switches DC motors

A Gyroscope

Batteries Controller board

Figure t Rabobike: A bicycle robot.

2. OVERALL SYSTEM STRUCTURE

2 I Control Algoruhm

“Robobike™ 15 designed lo operate in two modes,
which are automanc and manual modes. In the
manual mode, the robot 1s controlled remotely by
radio sienals. In the automauc mode. the control
spccnﬁc:;nons are that the robot can track 2 target
route  while retaimng  balance The control
architecture is depicted 1 Froure 2

The control hardware architecture of the robot
consists of tilt sensors. a fuming control umt. a
driving unit and 2 microcontrotler.  The svstem

operates in accordance with the selecting mode o

wh

the automatic mode, a control cycle can be described
as follows. First, the nlt sensors sense the state of the
robot’s balance position and then send the signal to
the microcontroller for generating a control decision
based on the controf law.  After the lnal fuzry
cantrol decision has been made, the ourput signal
will be sent to the turming and the drving contral
umils to track the desired path while retaiming the

robot 1n balance

The nlt sensors are 2 gatoscope and micicun
swiatches,  We use these sensors for soll angle
measurement  The pytascope used here s SRA-200
SG-X afl SANWA equipped with 2 servomaotor SRM-
1323, We add mercury switches 1o cope with the
situation that the pgyToscope cannot detect the
monotonically small rate of change of the lean angle.
We installed four mercury switches i 8%, 13°, 172°,
and 167° orientation with respect to the horizontal
line in the counterclockwise sense. For more smooth
operation, one can add more mercury switches as
desired. In the case of a tire of the robot hitting on a
small stone and the gyro-servo mechanism cannot
deal with the balance. one of the switches will be
achivated to inform the macrocontroller. The control
action based en the fuzzy control law will be
urgently performed.
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Freure 2 Contrel architecture.

According 10 Figure 2., the fuzzy PID controller
for trackine a given path and retaiming a target and a
standard engineenng approach called hierarchical
control strucrure are realized. The fuzzy PID control
1s implemented tn the form of software in Assembly

languape.  To reduce the mucrocontroller cost, we



use  ATE9CS2 produced by Armel [2]  The amphityving the control signal betore leeding to the 12

microcontroller operates at the frequency of 11 05492 Vo3A DU servamotor of TOYOTA TG 159100-
MHz. The microcontroller controls a turmiag unit by 953A The drver ot the matar 15 a Motorola IC
receiving 4 bits of a signal from the mercum MO0 3] Siee the 1O speaification at the
switches via Port 1 and then send the contrai sivnal Power H-switch requires ondy 1 A while the serve
throueh the same port using the rest of the bus neads VA Tenee the vutput of MC33050 at Port 14

and 13 pecd ta be modilicd by connecting a power
2 2 Penwer Supply H-switch butter (we used transistors TIP 29535 and

[EP 3055 of SGS Thompson)
Eneruv source of the robot comes from two 12-
Volt-DC batteries connected 1in senes produced the
total 24 V. Since there are many ivpes of electronic
circuits used 1 10 control the robot. the switchiag
supply circuit is required 10 transform the 24 Vo
required vollages cormesponding 1o vanious circuits
Block diagram for switching power supply is shown
in Figure 3. From Figure 3, the buck converter is not
only used to transform the 24 V into 13 V for the
turning unit, but also used for supplying power of 5V
} A via IC L4960 to the microcontroller and mercury
switches. To get the buck converter started up, we
used IC UC3842 to control the current mode for
power MOSFET of the converter.

DC, ggE‘GERTER 13V (yming uned) Wirg-wound potentiometers
24V ‘ Fizure 4. The side view of Robobike presents
wire-wound potentiometers.
L4960 >

From the aforementioned about the above turning
unit, the top view of the subsystem is shown in
Fioure 5.

-5V
Fisure 3. Switching poser supply

A Mixer (for tuning the gyroscope sensitivity)

3. MAIN COMPONENTS

3.7 Driving Unir

The main device of this unit is a 78 pm 18 V DC
motor with 1:30 gear block. We use [C 1200 of
SGS-Thomson as a programmable voliage regulator,
The input of the control circuit is the voltage of 24 V
from the baueries and the output is transformed into
18 V for the motor. A relay of 5 A 12 V is used to
make the state of ON and OFF for the voltage output

to drive the motor.

3.2 Turning Uit

Servomotar  Ghroscope
Servo Amplifier

Two wire-wound pofentiometers are used as
sensors for identifying position of the servomotor
— one for the input of the tumg circuit and the
other for the feedback position  Frgure 4 shows the
installation of the potentiometers

Figure 3 The top view of the turping unit,

o .
In this subsystem. a linear pewer amphifier type 1 3 CURRFE&TTUIE{'?\IJS;-LQN AND
used as a servo amplifier for improsving  and -
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Based on our testing. the Human-in-the-loop of
Control yields a satisfactory result afier we gain
experience on controlling the robot via radio control
In this manual rmode, like any other radio control
systern, the more time and afford we play with the
system, the more expertise we become.

Although the manual mode 15 successfully buili,
the auwtomanc made 1s sill on trouble.shooung
processes.  With the intelligent fuzzy logic based
features, the pulse encading for control fuzzification
is under working to seck for the appropnate
membership  function and its  components
quantitatively. Once the suitable membership
parameters and the conirol parameters are clearly
identified physically and expenmentally, the fuzzy
PID architecture will be implemented in the form of
a computer program. In short, the implementation of
the hardware is almost finished, whereas the
software is still on going development.

5. CONCLUSION

We have presented the implemeniauon of a
bicycle rebot in this paper. As the first attempt to
control this type of robot, the manual mode is first
built and the satisfactory result is obtained. The neat
step along with the challenge is still in the light of
getting the automatic mode works well as in the
simulation. Integration of collision avoidance
sensors such as ultrasonic and infrared sensers is in
the consideration for the future work.
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VIBRATION SUPPRESSION OF A TWO-LINK FLEXIBLE MANIPULATOR
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Abstract: Flexible-hnk robot arms have advantages over the conventional ones such as less
weight, less energy consumption, and smaller actuators. However, a disadvantage of the
manipulators is the vibration occurred inherently due to the flexible behavior of the amms
during operation. This sitwation may effect control performance 1in some apphications, for
example, the use of the robot for fine painting or welding. Tius paper describes vibration
suppression of a twe-link flexible mamipulator by means of fuzzy sliding mode control
based neural network-hike structure. Simulation and eapenimental resulis shows an
effectiveness and conuol performance of the proposed methed for vibranon suppression of

the robot links.

Keywords: bicycle robot, fuzzy logic conmol, modeling. intelligent control, rwo wheeled

robot

1 INTRODUCTION

To improve the system response, cRergy
consumption, and the overall mass components of
robot manipulators, various types of flexible Link
manipulators have been modeled, designed, and
implemented {1-3). In (4). modeling and contiol of 2
single flexible-link robot arm was proposed and
developed. However, the two-link counterpart, in
general, is more versatile than the single-link rabot
arm at least in the sense of reachability.  Since the
dynamic model and other effects of a two-link
flexible manipulator is not just simply developed by
direct superposition of two madels of two single
flexible link robot arrns, the interaction of dynamuc
coupling between one link to the other needs to be
included in the werking model.

One of the problems in conuol of 2 flexible-link
manipulator is the vibration during opcran?n of this
type of robot arms. The vibration occurs ¢ue o the
inherite properties of the matenal made of the amm
and its dimension. Long and shm arms have more
vibration than the short and thick ones.  With this
common sense, one may wish to choose the
appropriate dimension for the robat arm’s strucrure to
reduce the flexible nature created the vibration
Intuitively, it seems to obtain an casy and inexpensive

i

way to suppress the wibration modes of the
manipulator by enhancing the physical dimension and
coping with some kind of wibration absorption
material, instead of designing a sophisticate control
scheme to suppress them. Some researcher prefers 1o
work with very thin arms for the sake of enlightening
the nature of vibration, while the athers view the very
thin arms as wuseless ones {or many real-world
applications dealt with loads. The key concept 1o
adopt the 1deas for the judgement of significant
implementation berween the two approaches would
be the objective of the research — depending on for
basic research or for applications. [t is wise to
investipate issues in both engineening applications
and studying basic research.

Among varigpus c¢onmol schemes, vanable
structure control or shiding mode contrel (SLM) can
be designed for handling noniinear effects of the
systermn, while having good disturbance rejection and
rajectory tracking  Rescarchers have thewr own
version of the surular approach for the flexible link
structure  [5-7] To enhance the controller
performance and rermedy the chattening effects, fuzzy
control, both sliding mode approach to fuzzy control
and fuzzy approach to shiding mode control, has been
proposed for the nonlinear systems  These fuzzy
SLM conwmollers have been 1eported that the



satisfactory performance s achieved for given tasks

(3-9)

In this paper, a fuzzy shding mode conmrol has
been designed for vibranon suppression and raching
trajectory of a two-flexable hnk robot arm. Unlike
the above Mhteratures, our furzv SMC contains a
neural network-like structure. In other words, 1t has a
layered appearance for the standard luzzy control
procedure. The paper 15 orpamzed as follows:
Section 2 descnibes development of model. Ia
section 3, a fuzzy shding mode control is described in
a neural network-like structure.  Section 4 gives
simulanion results to validate the proposed control
law and Secuon 5 summarizes the study.

2. MATHEMATICAL MODEL

robol  mampulator s
The hardware of the

As can be scen from

A wo-flexible  hink
Mustrated in Figure | and 2
svstem 1s under construction
Frgure 1, the flexible robot arms 1s planar ones. we
then adopt the mathemauca! model developed by
Scott in [10]. The model is denived by using the
Euler-Lagrange method. The equations of motior are
developed using the assume mode method. That s

wi(x, )= S ¢ (x)ae)=¢Ta =25

/=0 a).
< r T
walx,t)= Y wilxadc () =w'c=a’y
=0
The kinetic energy of the first and the second link
is
T=T,+Ts (2).
1 2 1 7 o7 )
Ty =5J1(1)€1+—2-a M as 82 M, .
1 2 by, L (22
Ts, =511(2)‘91+le 6102+ =163
T T .
+81 2 Mfa+eza mz‘,*ia My a .

T T T

o : 1 ‘
sO1C My 820 Myp-5C Mo c

- Mo a

where the subscnpts Ly and L; stand for the 1" and
the 2™ lLink, respectively. Paramelers | and M with

the superscripts and subscripts correspond to the

mertia term of the i-th link and the feedback (or

feedforward if 1 has transpose) from the jomnt angie
to the generalized coordinate

The potential encrgs Vs
1 4 - 1 (7 oy
V= EE (ET), (w) )2y + EE (EN (w2 ) s (5)

We now have the Lagrangian L = T-V by using (2)-
(5). With some lengthy calculaton by inseruing the
obtained Lagrangian L into the Euler-Lagrange
equation and the aid of Mathcad soltware pachage,
we can arrange the result in state-space form

= Ax + Bu (6},

X

where the state vector 1s defined as

(e

Figure 1. Photograph of the arms made of aluminum
(under construction).
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Figure 2. A nwo-hink flexable robot manpulators.
We now armive at
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For mare detailed calculation and derivation, the
reader is referred to [10].

3. FU’Z.ZY SLIDING MODE CONTROL
DESIGN

The mathematical model of a two-flexible Tink
robot arm s described in the last secnon  This
section provides detailed design and analysis of a
fuzzy sliding mode controller in a neural network
structure. The neural network is structurally (not
functionally) employed to iluswate the equivalent
structure of the standard fuzzy centrol method
(fuzzification, inference engine, and defuzzification).
Figure 3 shows the hybrid dignal-analog overall
control system architecture, in which sampling and
signal holding devices are not shown for the sake of
convenience. The membership function and the
singleton output membership function of S and dS are
shown in Figure 4 and 5.

We now define the error signal e{1), according to
Figure 3, as e(1} = (1) — y(t), where r(1) is the racking
reference or sel point value and (1) is the output.
These parameters are in vector forms and the
elements of the vectors are corresponding to the tink
being consideration. The sliding variable and s
derivative can be defined, as usual,

S =c+ Ae ).
S+ T) - S(0)

7

and A is a selected positive constant.
Traditionally, the designed shding mode control
input u(t) is defined in the form of signum functiqr.

u = H sgn(S). where H is the bounded control input
signal. Upon observing this switching control law, it
is easv 1o see that, as wimess by many simulanons
and various practical applications. the signum or sI1gn
function can lead the system into charering wra)cctony

around the shding surface. To improse and remedy,
the fuzzy control law based on the input variables can
be categorized in Table 1. The contral rule used here
is derived based on natural tracking [4). Paramecters
a and B in Figure 5 are two parameters 1o be
determined from the trial and ¢rvor process.

Table 1 The control rule for the action

IF THEN |
S ds Decision |
>0 >0 He |
>0 0< H, \
0< >0 H, \
< 0< . |

Figure 3. The fuzzy shding mode based neural
network-like structure.
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Figure 4. Input membership function of S and dS.
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Figure 5. QOutput membership function.

4. SIMULATION RESULTS

Values wused in simulation may be assumed,
according to the dimension of the real phyvsical
svstem, 1o be shown in Table 2




lable 2 Link Paramcters

Parameters [ I.mok | Link 2
Beam thichness I 002 (m 0002 (m)
Heam wadth | Q03K (m} 0.038(m)

| Beam length | i 0.50 (m)
| Flevural naiday 4 1(Nm) 0sS(Nm)
%?\145\ uint denypth 03 0.5 J

The simulations were pertormed based on the
rohot arm musde! and arc presented in Figure 6 and 7.
Pwgure & shows the simulation of the tracking
trajectons . shich the desired set points of the join
angles Turthe hink 1 and hink 2 are &0 and 40 degrees,
respectnely  Figure 7 dllustrates the comesponding
traching ervors The Figures are shown much
alieviation of vibraton

Lo 2

) ' ER “ 3 . 7 ] PR
Towts vt}

Figure 6. The tracking trajectory at the end point of
the arm.

Figure 7. The tracking errors of the end point
of the arm.

S. CONCLUSION

We have developed a fuzzy sliding mode
controller based neural network-like structure.  Qur
simulation results have shown that it is possible to
implement the proposed control system. Further
woark is necessary to quantify the effectiveness of the
proposed contral scheme.
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Abstract: This paper proposes the rule based and sensor based control strategies for a six-legged
insect-like robot.  This control scheme emulates the well-known insect behavior called “the reflex
action.” Three types of sensors are embedded in the body of the robot, which are infrared sensors,
ulgasonic sensors and limit switches for tracking performance, collision avoidance, and touching
perception, respectively. The walking and acting features are driven by servomotors using sets of
common-sense instructions or rules. The results show that the satisfactory performance is achieved
with this control approach. This implies that the designed robotic system can be used to perform
inspection, maintenance or repair in construction tasks.

Keywords: insect-like robot, reflex control, walking robot, rule based control, sensor based

control

1 INTRODUCTION

During the past years mobile robots have been
used 1o inspect, repair, and maintenance in
construction. The robots can navigate through the
hazardous environment. They can also be used to
inspect inaccessible places for human such as in 2
500-millimeter pipe or repair some crack on the given
surfaces [1}]. Most of mobile robots are designed as
wheeled systems that may get difficulty when
navigate through some terrain. If this is the case, the
walking sysiems should be considered and would be
appropriated to implement.

Implementation of sensory systems for walking
robots has been initially developed for such insect-
like robotic systems [2]. Regarding the name insect-
like robots, one might be questioned about the
definition of them. Does the name of an insect-like
robot imply its insect behavior or its appearance?
The answer may be depended on the prablem in
hand. However, in this paper, the term “insect-like”
is used because the robot in consideration is designed
based on emulating insect features that typically have
six legs and have reflex action behaviors (3.4].

541

This paper considers the implementation of a
control paradigm for a six-legged insect-like robot
shown in Figure 1. The control approach used here is
the integration of the rule based and sensor based
contro! employed to imitate the reflex action behavior
and sensor organs of insects such as vision, audition,
and nerveus systems. The tinspiration of this
approach emerges from the question that, while in
motion, whether insects determine legs’ torque or
forces from the pole placement or poles-zeros
cancellation methods. In fact, they don't even know
their mathematical modeling or their wansfer
function. There are insects such as real cockroaches
do not know their coordinate or frame of references
unless their lateral sides touch something. With
sensory organs and the natural responses under the
law of the nature, insects are capable to navigate
through their world. Detailed synthesis will be
intuitively given in the following sections.

This paper is organized as follows: Section 2
describes the hardware description as mechanical
elements and functional components of our robot.
Section 3 propesecs the control scheme. Section 4
shows experimental results and discussion. The last
section, Section S5 summarizes the results and
introduces some development that needs to be done
for the future work.



Figure 1. A prototype of the sin-legged insect-like
robot used in this research.

2. STRUCTURE DESCRIPTION

The systemn is a six-legged robot made of PVC
plasuc with 5.2-inch height x I'l-inch width x12-inch
length as shown tn Figure 2. The weight of the robot
is 2 kg. Each leg is designed 2s a Panograph type
having Futaba RC-servomotor model FP 5148 at the
upper thigh, which can be independently moved
within 2-inch maximum radius. The movement of the
legs can be classified as lifting, extending and
rotating position.

There are three types of sensors used as the
sensory organs of the robot.  The limit switches
located at the end of each leg are used as feelers. The
infrared and ultrasonic sensors represent audition,
and tacking systems. The eleconic board
equipped with the Motorela 68HCI1 chip s
embedded at the back of the robot to serve as the
central nervous system. The programming coge s
written in Assembly language. The power supply is a
7.2V 1.7 A/hr battery.

The open-loop behavior leads unsatisfacton
corporation among sensors and actuators, A closed-
loop conmol law ensuring acceptable performance

should be realized.

3. CONTROL SCHEME

This study employs the primitive behavior called
reflex action and applies to the behavior of the six-
legged robot.  The reflex action occurs when an
external stimulus causes an insect to act reflesh
while simultanecus sense appears as attraction or
repulsion to the stimulus.  Actions such as chew,
swallow, or changing bodsy direction <can  be
considered as reflex actions as far as they reflexly
occur. The categony of this low-inielligent behavior
can be simply realized as the integration of rule-based
and sensor-based control shown in Figure 3
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Figure 3. The control structure for a six-legged
insect-like robot.

From Fig. 3, functionally, the control scheme
comprises of two levels of feedback loops
(structurally appeared in three loops); the inner loop
is a rapid response level of control process called the
lower level and the outer loop is the upper level
functicned as an adaptive level based on the control
rule bases. The basic idea of the lower level is that
the motor organs act immediately upon receiving
signals from the sensory ones. For example, if a
robot's leg pets stuck or being touched by an obstacle
object, the servos will promptly be activated to make
it moved in the direction away from the difficulty.

Like insect being, the conuel rule bases .are
developed imitating the respense of insecis Various
functions of insect eorgans such as using eyes for
trzching their foods or hasing lateral nervous systems
for touching as a part of reflex action circuits wiil be
intuitively considered and functionally imitated. The
following commeon sense rules are used for tacking
tasks.



Rule 1:

IF the robot orientation is in the direction
toward the target

THEN  move 1o the target

Rule 2.

IF the rabot docs not oriented in the direction
toward to the target

THEN tumn the robot 10 the direction toward
the rarget

AND maove 1o the tarpet.

Rule 3;

IF the robot moves toward 10 the target

AND the robot speed is greater than the
speed of the target

THEN  retain moving to the same direction.
Rule 4:
IF the robot moves toward 10 the target

AND the robot velociry is less than the
velocity of the target

THEN  retain moving in the same direction

AND increase the speed of the robot.

Rule 5:

IF the target is located within the operation
range

THEN  activate the catching mode.

These rules can easily be fined tuning as desired.
In an escaping mode or collision avoidance, it is easy
to see that the above rules can be modified in the
reverse situation and the control decision may be
reversibly applied. The above contmol scheme is
adopted and the results is presented in the next
section.

4. EXPERIMENTAL RESULTS

To validate the proposed centrol scheme, three
types of experiments are conducted. The first ©ype is
a test for the reflex action of the robot legs in which
the limit switches as feelers are embedded. This type
of the test simulates the situation when legs of insects
perform reflex action. A result is shown in Figure 4.

In this test the left feelers are continuously
stimulated causing the insect robot moves in ctreular
motion with the frequency of 0.01, 0.015, and 0.02
Hz for the steps of 7, 15, and 18 degarees,
respectively.  The radius of the circular motion 55
about 20 cm. The measurement of the movement 1s
trecorded by amaching three pencils as shown in
Figure 4.

Pencils

e

-

scake 1 10 ¢m

~.__

Figure 4. Reflex action test.

The second type 15 a test for the collision
avoidance 10 evaluate the eyed function of the robot
implemented by infrared and ultrasonic sensors. We
found experimentally that this task cannot perform
well by using only infrared sensors. According 1o our
experiment, the reason is that the robot cannot aveid
the given transparent objects since the infrared signal
ts transmitted through the objects rather than
reflected back. That is why the ultrasonic sensors are
added to the system for better performances. A result
of the test is given in Fig. 5. In this test each legged-
step of the robot is set to 18 degrees, the given
dimension of the obstacle is 15 cm x 20 em x 30 cm,
and the detection ranpge of the sensor is set to 40 cm.
When the tobot senses the obstacle, it would step
back two or three steps depending upon the measured
signals.

acais 110 o
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An Obstacle

Figure 5. Collision avoidance (est.



Another finding of this test is that the twist angle
to avoid an obstacle depends on the speed of the
robot. The faster the robot movement, the wider the
angle will be. Figure 6 shows the twist angle for the
collision avoidance performing in Figure §.
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Figure 6. The twist angle versus time for collision
avoidance.

The last type is a test for tracking performance.
This test simulates the situation for which insects are
catching or purchasing their food. With ultrasonic
sensors, the insect robot can detect the movement of a
prey whereas the infrared sensors can sense the color
of the prey. A result of the test is shown in Figure 7.
In this test, each leg can move about 18 degrees
producing the robot speed at 5 cm/s. Hence the
insect robot reaches the prey successfully in 20
seconds.

3

L =

Figure 7. Tracking performance test.
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5. CONCLUSION

We have proposed the rule based and sensor
based conuol strategies for a six-legped insect-like
robot. This control scheme emulates the well-known
insect behavior called “the reflex action.”™ Three types
of sensors are embedded in the body of the robor,
which are infrared sensors, ultrasonic sensors and
limit switches for tracking performance, collision
avoidance, and feelers, respectively. The walking
and acting features are driven by servomotors using
sets of common-sense instruction or rules.

The results show that the satisfactory performance
is achieved with this control approach. However, it is
a challenge to make this robot to perform more
intelligent tasks, e.g. memornzing functions or path
optimization. [ntegration of video camera and repair
tools to the robot would also be a good topic for the
future work.
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Like an inverted pendulum, an inherent behavior of a biped robot 15 instability. Stabilizing the robot mouon is one of
research topics in this field. Two-legeed robots have advantages over the wheeled ornes. when they are working in narrow
workspaces, climbing stairs |, travelling along uneven terrain . or navigating in human envitonment. With very limit budget.
time constraint , lack of good working tools and environments. the hardware implementation of the robotic system can not
be achieved within a short period of time. However, our biped robot is built under the atorementioned situation. “oft-of-
shelf” parts and components such as motors. sensors , and other mechanical, electrical, and electronic components can be
used for substitution to the brand new ones. The objective of this paper is to describe 2 basic concept of generating simpie
control rule bases for a low-cost biped robot butlt by the authors. There are twelve joins of the robot 1o be controlled n the
light of paraileled processing. Each joint has 1ts own driver and inner teedback control loop. All inner circuil are
coordinated by a microcontroiler 68HC 11 functioned as the brain. The principie of the posture control of the robot lies on
the issue in dynamic balance. To retain balance, the actuai toiai ground reaction force and the tupping moment produced by
the trunk need to sum up for total zero moment point. This basic idea enacted from observing and simply analyzing of the
human posture control is world-wide used by the biped robot developers. With the aid of sensors in order to produce the
desired zero moment point. the errors and the rate of errors at each joint can be sensed. To utilize the know parameter,
namely, the error and the rate of emor, fuzzy sliding mode conirol, has been proposed for the nonlincar biped systems.
Since specifications of parts and components are partiajly known or even unknown, our proposed control law is a shding
mode based fuzzy control in neural network-like structure. The neural network is structurally employed 1o illustrate the
equivalent structure of the standard fuzzy control method (fuzzificauon. inference engine, and defuzzification)
implemented in the software. Stmulation results give a promising feasibility and applicability of the designed controller.
Experimenial results must be carmed out to tinalize the validation of the control scheme for further study.
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inverted pendulum, an inherent
Stabtlizing the

Like an
behavior of a biped robot is instability.

| robot motion is one of research topics in this field. Biped
| robots have advantages over the wheeled ones, when they

are working in narrow workspaces, climbing stairs.
traveling along uneven terrain, or navigating in human
environment. This paper describes a basic concept of
generating simple control rule and presented a study of
natural gait control rule bases for a biped robot to be built
by the authors. The control design and implementation of
our cystem. A set of rule bases for balancing and tracking
mechanisms derived from natural gaits for generating
control law. which can be used in rule based or fuzzy
control scheme. is proposed. Involved with our own
version of a sliding mode based fuzzy logic control
scheme in neural network-like structure. Simulation
results are performed to validate the design. Suggestions
for the improvement of the system implementation are
also given.

L INTRODUCTION

Evolution of biped robot and other walking machines is
well documented in [1), besinning with the first
successful biped, “Steam Man”, developed in 1893
Steam Man was driven by steam from gas fired boiler-
generating power of 0.5 hp with a speed of 14 km/hr. In
1972, Waseda University in Japan developed a two-
legged walking robot named WL-5. With big feet feature
and hydraulic power. the static walking was achieved.
However. the hip, knee, and ankle joints were over
simplified in the first design.  Later generations of the
biped robot developed at the same university put the
human-like features into the robot [1]. The current state-
of-the-art of the of robots is summarized in [2]. The web
provides cxcellent links to biped robot research around
the world via WWW including the worldwide

recognized HONDA humanoid robot “P2™ and “P3™ [3].
It is well know that. among biped robot in the world,
Japan has been leading in biped walking robot research
[3-7. to name a few].

Having briefly reviewed the history and
advantages of the bipeds. We might be curious to know
about the state of this research carried out domestically.
How many biped robots have successfully built in
Thailand? To the best of the authors™ knowledge, there is
no claim for the successful implementation and built such
a biped robot in Thailand. If it has been built, it must be a
few. As it might be the first attempt, a biped robot shown
in Fig | has been built and the research is in its infancy
stage.

Researchers. in Thailand, experienced with the
hardware implementation for building a robotic svstem
may be eastlv realized how hard to find available pars
and components that would perfectly fit into the designed
system.  With verv limit budget, time constraint, lack of
good working tools and environments. the hardware
implementation of the robotic system can not be achieved
within a short period of time. However, our biped robot
in Fig | is built under the aforementioned situation. ~off-
the-shelf” parts and components such as motors, sensors,
and other mechanical. electrical, and electronic
components can be used for substitution to the brand new
ones.

The objecuive of this paper are to describe an

cuthine of control rules obtained intuitively from
observation during movement of human legs and to
design a nonlinear controller in order to control a biped
robot. Among various nonlinear control schemes. variable
structure control or sliding mode control {(SLM} can be
designed for handling nonlinear effects of the system,
while having good disturbance rejection and trajectory
tracking. Researchers have their own version of the
similar approach for the sliding contro! structure [9-11].
To enhance the controller performance and remedy the
chattering effects. fuzzy control, both sliding mode
approach to fuzzy control and fuzzy approach to sliding
mode control, has been proposed for the nonlinear
systems.  These fuzzy SLM controllers have been
reported that the satistactory peiformance is achieved for
given tasks [12-13].
Since specifications of parts and components are partially
known or even unknown. our proposed control law is a
sliding mode based fuzzy control in neural network-like
structure. Next section gives more detzil discussion,



Fig 1. The KMITL biped robot built by
the authors.

This paper is organized as follows: Section 1l
describes system information.  Section kI proposes the
concept of a framework for generating control rules for
balance and postural tracking derived from observing
natural gaits. Section 1V proposes the concept of Fuzzy
sliding mode control design. Section V gives simulation
results. And section VI gives conclusion and suggestion
for the future works.

11 SYETEDN INFORMATION
A. General Description

The main body of the robot built by using PVC
plastic. Link parameters are summarized in Table 1.

Table |. Link parameters.

Parameters Value
Total height 122 cm
Leg dimension (height x 97cm-x14 cm
| width)
Trunk dimension 19cm x36cm x30
(height x width x length) cm
| Feet dimension 24 cm x30 cm
| Leg weicht (each leg) 25 ke )
Hip weight | 7 ke l

There are wwelve joints included n the robc!
corresponding to twelve degrees of freedom. Our biped
robot is structurally built similar to the legs of Honda
humanoid robot [3]. The sketch of the joints.

B. Scnsors and Actuators
Unlike the Honda robot, we face difficulty in the

' limit budget and part availability. Economically. we use
“off-the-shelf” motors and sensors, which parameters are

partially known even unknown. This situation forces us to
select “a fuzzy control method combined with sliding
mode control.” which would not required the exact
parameters and mathematical mode! of the ptants. 1In
doing so, we need 1o determine control rule bases to
accommodate the inference engine procedure of the
standard fuzzy control method. The next section proposes
such control rules to be used as part of the control law.

C. Controller

Twelve joints of the robot will be controlled in the
light of paralleled processing. Each joint has its own
driving unit and the inner control toop structurally {not
functionally) similar to a human leg having a reflex arc
circuit.  All inner circuits will be coordinated by a
microcontroller 68HC 11 functioned as the brain.

It NATURAL GAIT CONTROL RULES

The principle of the posture control of the robot lies on
the issue in dyvnamic balance.  To retain balance. the
actual total ground reaction force and the tipping moment
produced by the trunk need to sum up for total zero
moment point. This basic idea enacted from observing
and simply analvzing of the human posture control is used
by the biped robot developers [3-7]. With the aid of
sensors tn order to produce the desired zero moment
point, the errors and the rate ot errors at each joint can be
sensed, and the simple tracking zero moment control rules
base of the natural gait.

1v. FUZZY SLIDING MODE CONTROL
DESIGN

There are twelve joints of the robot to be controlled
in paralleled processing. Each joint has its own driver and
inner feedback control loop. All inner circuit are
coordinated by a microcontroller 68HC11 funcuoned as
the brain. This section provides detailed design and
analysis of a fuzzy sliding mode controller in a neural
network structure. The neural network is structurally
{not functionally) employed to illustrate the equivatent
structure  of the standard fuzzy control method
(fuzzification, inference engine, and defuzzification)
implemented in the solfware. The hybrid digital-analog
control architecture. of the brain in which sampling and
sienal holding devices are not shown for the sake of
convenience. The membership function and the singleton
output membership function of S and dS are shown in Fig
2 and 3. Parameters @ and B in Fig 3 are two parameters
to be determined from the trial and error process.

We now define the error signal e(1), according to Fig
4. as e(t) = (1) — ¥(1). where r(t) is the tracking reference
or set point value and ¥(t) is the output. These parameters
are in vector forms and the elements of the vectors are
corresponding 1o the links being consideration. The
sliding variables and their derivative can be defined, as
usual,



S=e+ Ae

3 S(r+T)-5(0)
- T
and A is a selected pogitive constant.

(1)

dS

{Traditionally. the designed sliding mode control input
oft) is defined in the form of signum function
o{= Hi sgn(S,). where H, is the bounded control input
lsﬁnal and the subscript i stands for the i"™ joint. Upon
- gbserving this switching control law_ it is easy to see that.
a5 witness by many simulations and various pracrical
wpplications, the signum or sign function can lead the
i system into chattering trajectory around the sliding
. trface. To improve and remedy, the fuzzy control law
hased on the input variables can be categorized in Table
Z5The control rule used here is derived based on natral
wracking rules.

Table 2. The conirol rule tor the action

g IF THEN :
4 S DS Decision

RI: >0 >0 H, _
HR2 >0 0< H-
AR3: 0« >0 H:
R4 O< 0< | H,

5, 5 negative 5,5 positive

i
b
!

is(t) ,s(t)

-L L

Fig 2. Input membership function of S and dS.

H, Ha H; H,

A A

P u{l)

- B 0 P a

Fig 3. Output membership function.

Jn fuzzification step. membership functions in Fig 2 and 3
are facilitated. The control law in Table 2 then servers fc?r
inference engine. Finally, the gravity mean method is
Employed. That is,

where ,uf is a membership function corresponding to ™

. T
rule for the i inner loop controller.
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W,:[W,- W, W.r3 Wl]

, =1 n.j=1.....4(3). and

-:?.ﬁ:[Hrl le HI3 H:4]r

The bounded input G, of the i inner controller is
bounded within

ey <:Tw ifS, >0 )
1 .

-G, >:Tw, ifS, <0
Where 37 s the actual ourput
g =55 (%)
=i i=l....n (6)
We now define
r, =4

! I3

i=l.. .n (7)
=51,

Where ¢, is torque produced at the i™ joint applied to

produce the desired zero moment point. Let us define the
Lyvapunov-like function

r
. 1l —n
V:ES MS‘+52I:1:],

EaT

(8

LT |

Ty

where M is the effective and svstem matrix. can he
proved to be positive definite and satisfied the reduced
equation of motion for sliding dvnamic svstem.

MS+CS+r=G 9

We have



-

v -1 Y —

“y=5TMS+ ESTMS + le"" <%

(10)

. 1 T

=-5'1t+5 (iM‘C)S*Z RL AT
\

!

{ The second term in (9) can be proved to be vanished (4]
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‘With (4) and (3) little algebra have

r
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=1
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Selecting & = r;,.‘lw,rs, vields v < 0. then the stabilitsy n

Lyapunov sense is guaranteed. To achieve the tracking
performance, we must assign
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Fig 5. The main fuzzy sliding mode based neural
network-like structure.
V. SIMULATIO«~ RESULTS

j The data used in this simulation is the data collected
‘from the response of the motor of the robot. not from the
mathematical model. To see effectiveness of the designed

controller, a tracking evaluation for given curve path for
walking is shown in Fig 6. Fig 7 shows the trajectory of
the control signal on the S and dS plane. in which the
satisfactory tracking pertormance is achieved. Fig 8 and 9
are for the inner loop regulator to track a step command.
The steady state performance is also obtained along with
acceptable transient performance.

. hawng cam

-]
“ -

Ang 1Raq)

B35 Dewedpam:

5
[ x 3 50 ad "0

Fiv 6. A tracking simulation for a given sinusoidal
curve path for walking.

o

Fig 7. The wrajectory of the control signal on the S
and dS plane corresponding to Fig 6.

B i

Fig 8. Step response of an inner loop rezulator.

e P

Fig 9. The trajectory of the control signal on the

error phase plane corresponding to Fig 8



V. CONCLUSION

In this paper, we have introduced the framework of rule-
base tormulation for a biped robot. Useful fact frem [§)
may be adopted to construct mere control rule bases for
balancing and postural trajectory tracking of each joint of
the robot. 'We have proposed a fuzzy sliding mode
controller in neural network-like structure. Overall S\ SIEIm
realization of the comtrel architeeture is presernifed.
Simulation reésults give a promising  feasibilinn  and
application. of the designéd centroller. Experimental
results: must be carried out to finalize the validation of the
control scheme for further sudy-.
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Abstract: Robot is very rapidly developed. We build the
robot to work and afford convenience instance of human.
. Most of mobile robots use wheeled vehicles. bur
sometimes the robots are based on the condition the same
ashuman's. s0 it has the movement similar to human for
working. This research presents the basic of Biped-robot s

movement included finding out the number of degree of

freedom (DOF) which needs for movement. This part is
the main point for developing the robot to become the
h_l!_manmd rebot which is fully phvsical fizure. Each joint

dépends on the movement of DC motors. The problems of

bﬁildinn the robot such as walking., weight of robotl
power supply. controlling Degree of treedom are also
' discussed. Researchers team hope that this paper will be
* established the basic knowledge in the future for building
the Humanoid robot.

L INTRODUCTION
‘A, The Study of human’s movement

The study of mechanics of a biped robot is quite
Eomplex because of walking steps. The study is related to
kmesnoloay The biped robot. which is but by the
Iulhors is copied £ am human’s movement from hip to the
akle. From observation the movement of knee. ankie and
feet. knee are the biggest joint in the human’s body that it
'Sl_;ppons the body weight which is important for walking
and running. therefore knee have the longer moyement
dlstance Joint’s structure is hinge thar moves more than a
plane that moves in Sagittal plane and transverse plane [1-

2. The ankle and feet are the part for supporting the
bOdy weight moreover it helps to save the body balance
" and coordinate working with ankle’s working to put on
the floor correctly in any positions or on any lean plans.

It helps to change figure and feet’s curve to be able to
adjust with rough area. it has the characteristic similar to
spring that it helps to prevent vibration during walking.
Further more it is tlexible that helps to walk smoothly.
Ankle's structure is a hinge joint, which moves around an
axis. This event causes the tip of feet is dorsiflexion and
plantarflexion. The ankle’s joint is synovial joint [1-3].

1. WALKING CYCLE AND WALKING
ANALYSIS
Walking cycle. as shown on Fig |, [4] its

distance. between the heels which touch the surface and
that feet push off the surface, 15 about 60%. Walking is
divided into 4 steps. that are Heel strike, Foot flat , Mid
stance and Push oft (or Toe off). Swing phase in normal
level is about 40%6 of walking cycle. this phase 1s divided
by 5 levels. that are Acceleration. Mid stance and
Deceleration. The vertical movement of center of Gravity
of body. in the normal walking, is on the highest level
when the leg is on the Mid stance about 1 inch. and is on
the lowest level when the legs support simultaneousiy the
front 1oes about | inch. The total distance of the vertical
movement is 2 inches. The width of walking base. which
is normally the distance between the center point of one-
side heel and the center point of other-side heel. is about
2-4 inches [5]. The length of walking is about |13 inches.

Walking Analysis is divided by 3 steps, that are
Heel strike to Mid stance. Mid stance 1o Push oft (or Toe
ott) and Swing phase [6]. as shown on Fig 2, and s stated
as tollows.

A. Heel strike to Mid stance

The ankle tilts tiptoe up and stretch tiptoe down about 13
degrees. The knew stretches straight when the heel touches
the surface and bends about 20 degrees. The hip bends
about 30 degrees when the heel touch the surface and
bends only 20 devrees when is on the foot flat.

B. Mid stance to Push off (or Toe off)
The ankle tilts about 3 degrees, and change to 15 degrees

when the foot push off. and stretch down slowly about 20
degrees.



Fig 1. Walking Cycle

The knee bends about 15 degrees until before the heel the ankle joint have the torque as 250 Fr-pound [9] for
strike. 1t bends only 4 degrees and change 1o 40 degrees adding more the strength on the joints.

when the heel struck to the toe off. The hip stretch as 0

degree before the heel strike about 13 degrees and

change to 20 degrees when the heel struck.

-
4

C. Swing phase
~ ’

T~
// -
= -~ !
The ankle, in swing phase, retracts thoroughly for hifting T W 50 Pach
up the leg to push tiptoe off to be encugh for swinuing 140 Roll
the lez. The knee. in the Push off. has the acceleration. i

which occurs from shoving away with the foot and hoce 133 Fich

bends at most about 63 degrees in the Swing phase The ’@

hip. in this phase. bends about 23 degrees more and ;

bends about 30 degrees when the heels touch the @ Ankle 70 Paeh

surface. 0 U Rotl

I1I.  THE NUMBER OF DEGREE-OF-
FREEDOM (DOF) OF A BIPED ROBOT Fiz 5. 10-DOF joinis

Due 10 the biped robot needs the two leygs 10
move, meanwhile one-side feet is moving. the other-side
feet 1ouch the surface and push the shoving force 1o
| move forward. In the part of legs and feet of human.
there are total 30 DOF [7]. By observation. the joint s As shown i Fig 4. we can hnd the D-H
divided by 2 types. that are hinge and ball socket which parameter {10] written in Table . The transformation
supports between two joints. There are many DOF in matrix can be obtained as equation (1).
human, therefore desiening the model for the biped
robot construction is complex and difticult to control
So the robotic engineers find the method for the biped

IV. FORWARD KINEMATICS OF A BIPED
ROBOT

Table 1 D-H Parameter

robot construction that it has few joints but it can move ‘w ! ‘
efficiently. ! D-H { 2 5 4 5
This research. our biped robot has 3 DOF on " pars
. . L arameters ;
one leg . in accordance with the hip joint and the ankle : 50 |
Jjoint have 2 DOF per each . and on _ | ‘ 90 - 90 50 -0
the knee has one DOF, as she.vn on Fig 5. Setting many
DOF is to the robot has the agility similar to the human. , Lo Ls 0 Ls
If we increase 3 DOF more on the hip joint, the robot ]
can change its direction with rotating just a little bit. : 6, g, 93 g, 95
The biped robot of Tohoku University. Japan [8] - has 7 |
DOF on joint per side. By adding DOF more on the toe . 0 L. 0 L, 0

joint which is in testing, The dynamic direction of robot
changes dexterously. When the robot has amount of
DOF. it has to have the torque for each DOF. It the
weight of the biped robot is on the average as same as
the weight of human body (approximately 154 pounds},
designing for the rotation on the hip. the knee joint and
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Fig 3. DOF of biped robm
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{2).

(4).

(6).

The coordinate transformation from link | to 5 has form
equation (7).

7‘05 — TOI T12 7—23 7-34 7-45

(AL Ay As Al
TS5 Ay A Az Ay

1

0
Ay Ay A Ay
Ay A A A
{7
where,
A= - (c0sB)a:; + cosB,5inB,; ~ c0s0,51n0,,) cosBs

Ay = - c088:,500: ~ 080,508 < + cosO sindh g -
c0s0~::5in8,; ~ cosB.sind ., - cosO,,:5in8,

AL = cosd »sinB:~c038.51n0,

Ay = LecosBry — LacosBsind - — Lscos8,sinbay ~ L, -
Li,cosB -sind. - L,cosB:sinf, - L.cosB,- — L-sind,

AL = (cosB,sind, - cosB.sinB;) cosh,

Asr = - o5 mint. - CosBsinB - cosPisings, -

COSO;,,
Ass = sinls;
ALy = LcosDgsinfs - LocosOsing, - Lisint.: = Lasing.
A = (- cosB.,5nd, - cosO,,5in6:51n8,.,) cosb.

Az = cosBgsing o~ co38,,5in0:: - s ay. -
costising,, ~ coshsink., - cosB,.sind, -

As = - cosBaing . - cost,,

Ao = -L.cosB.-,.5in0, - LicosB, ,sinf = Lasing,-, - L,

cosf-sind . - L, ¢cosf,: - L.costhsind, = L.coss,
A, =0
I\J: =0
A-=0
Al = |

V. CONTRUCTION AND EXPEREMENT

To study the displacement of biped robot of
each joinl. it can be in visvalized the 3-D form which is
the static figure. as shown in Fig 5. by modeling from
the construction which has 3 DOF in each leg.

Lroa L
bal o aere

Fig-5. Show 3-D of the biped robot
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| Thus we use a microcontroller 68HCI1 to control in
each joint, as shown in Fig. 6

Fig 6. Controlling system block diagram

We use the potentiometer to contrel the angle
in each joint to report its current position. The controller
signal, as shown in Fig 7a. is the signal sending to the
drive motor circuit. Fig 7b shows in the step response
of the motor’s angle position.

T T
! . . i E_ .
: ! . f

— _— -

!
|
|

]
|

l -
[N

"

Fig 7a. Show signal in controller

Wl 705V —

Fig 7b. Step of the motor's angle position

VL CONCLUSION

From the experiment, the built robot can be
controlled the position of each joint. When Lhe robot
steps its leg which is passed on its weight, we cannot
control the hind leg to tilt the joint to push the force to
the front leg because this biped robot doesn’t have the
waist lo lean to pass its weight on the leg. Other

rescarchers create the robot’s waist as Balancing
Mechanism Beam (| 1]. Suck artificial waist can get the
robot in balance under a good control law. The control
law suguested in this paper is merely focused on the
static movement. The dyvnamic control algorithm s
more challenged and for the future work.
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INVENTIONS

Armed roboguard world’s first

Web-rumn sentinel
not thief-friendly

he world’s first armed robot secur-

ity guard that can open fire on
intruders while controlied through the
Internet was unveiled in Banghok ves-
terday.

dt is one of five Thai-made hi-tech
robots revealed by the Thaland
Research Fund.

Asst Prof Pitikhet Suraksa. of the
King Mongkut Institute of Technology's
Lat  Krabang campus. said his
roboguard was developed from an
unarmed “‘telerobot™ built in Australia
in 1994.

“The robot is equipped with a cam-
era and sensors that track movement
and heat. It is armad with a pistol that
can be programmmed 1o shoot automati-
cally or wait for a fire order delivered
with a password from amvwhere
through the Internet,”” he said.

With further development the tech-
nology could be applied to building
robot guards for important places,
including museums that house
precious artifacts, he said.

Other machines gncluded a virntual

reality system with a robotic arm. a
force sensor and head-mounted dis-
play.

Assoc Prof Chid Laowartana, of the
Thon Buri campus, said this could be
developed inte a simulator to train peo-
ple in areas like surgery.

“It could memorise thousands of
aperations by veteran surgeons and
simuline them to train new doctors.
Paticnts will no longer be objects of
experimentation for new doctors,” he
said. "It could also memorise Tiger
Woods' strokes 1o train golfers.”

The svstent was aimed only at teach-
ing people how to usc robots. Thai
rescarchers did not have the funds for a
manufacturing base to compete with
conntries like the US and Japan.

A Thai investor shotws his steel beetle robof during a robot exhibition at Malia
Naklron Yipsum building on Sri Ayutthaya Road. — Kusol NAKAL [0
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You have twenty seconds to comply

Robocop looks a pushover compared with a robotic security guard that shoots at will

IT'S been sinty vears since writer Isaac
Asimov dreamed up his laws governing
robot behaviour. But the message stll
hasa't sunk in Rescarchers in Thailand
have developed a robot secunity guard that
cames armed wath a pun, and has no
qualms aboct swhomat shoats.

Called "Roboguard”, the gun-toting
sentinel is destpned as a cheap alternativ e
tua human puard 1t can be ordered to e
atwill, or tald o choeck first with o human
Vi3 2 Secure Internet connection

As they appeared an Avmaen's soenae
fiction writing< in 1940, the three Taows
robotics were meant to prevent robaets
fram harming people (see Tabley Robo-
guard appears to have the potential to thous
all three. .

The machine wa~ Pl by kb
Soaraksa of g Mongb et~ Insteate o
Technology i L adbaaloeng, Bamae ol 1t

consists o g bandpgun and

I b b h I‘ii“‘

camuera mounted on o metoesed walder
that can dinct them aatomati el
“1E has two modes nenaal ard

I

Malic.” savs Socerak s Loy the vearnen

i manual gnae ue oo connad e

bram o VOHLPTG DT ans Fie s e st L
Laser pounter o tops o fre o stk s o
current target

For avtomati. vperation, Rodsopzuerd e
fitted with infrared scepsors that ailow it o

track peoaple 2< thiv oy e Sooraksa Jus

password-protected the “fire” command
for when the robot s operated over the
Internet “We think the decision to fire
should alwavs be a human decision,” he
save "Othenwise it could hill peaple.”

This deesr't rezssure Kevin Warwick,
a cvberneticist 2t Reading University
who has long warned of the dangers of
robats gaining too much power over
human beings. "Things can alwayvs go
wrang,” he savs You can never allow
tor all eventualinies “We need to think
aboutintroducing laws hke Asimov's, but
cven then robots will find wavs to pot
round them.”

Other rescarchers were equally concerned

Isaac Asimov's laws of robotics

|“ -
First Iaw:ﬁ
= may nat Injure 8 human being,

or, through inacbon, aiow a3 human
being o come to hamm.

Second law:

T A robol must obey orters given it by human
© beings, except where Such oroers wourk]
confct with the FirstEaw.

-fhlfﬂlaw::
— .
£ robot must prolect (S Own aisience a5

2 September 2000

about Rybaguard. "l find this quite
horrific.” says Chris Czarnecki of the
Centre tor Computational Intelhigence at
De Montfort University in Leicester
“What about time delavs across the Inter-
net when it’s busy? What you'll be seeing
and what the gun’s pointing at will be
two different things. You could end up
shooting anvthing.”

Czarnechi also suspects the robot's track-
ing svstem nught be error-prone. “If the
tracking’s infrared, what happens when
the Sun conves out? {t's a big source of
infrared radiation ”

At the mament, Roboguard is tooled up
with notluing maore powerful than an air
gun. To test its accuracy, Sooraksa pinned
balloons to the walls and took potshots at
them from a computer. “It's very similar
1o a real gun,” he savs. It could easily be
upgraded to a more powerful weapon such
as a machine gun. he adds.

Sooraksa savs Roboguard might be of
interest o private companies, but sees the
armed forces as a more likely buyer. “We'd
hike to show it to the military,” he savs. "It
should bem good hands.” .

Thecurrent, stanic version of Roboguard
vould be just thee starl. Sooraksa hopes to
develop his prototvpe lurther. “You could
maky it muolale, o could be designed as
a walking svstem,” he savs. “We have
the technology” lan Sample

New Scientist ® www.newscientist.com
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INVENTIONS

Killer App

Thai university team develops a security robot
with a lethal punch

By Rodney Tasker/BanGKOK

BANG. YOU'RE DEAD! And, no, there was no warning—not
even a human finger on the trigger.

Is this the Robocop of the sci-fi movies?® Almost. It's an
all-too-real, gun-toting, Internet-controlled robot, dubbed
Roboguard by its Thai inventors, that gives a whole new
meaning to the technology buzzphrase “killer app.”

Designed to provide security, Roboguard can be pro-
grammed to shoot automatically—and with deadly accuracy.
[t consists of a tiny video camera to monitor intruders, an
infra-red sensor to track movements and heat, and a hand-
gun with a laser pointer.

A user can control the weapon via a cenmiputer and the
[nternet from anywhere in the world, using a passwoid lo
open fire. Roboguard is usually attached 10 a stationary tri-
pod, but it can also go on patro! with the help of a pair of
mechanical legs.

It's the brainchild of Pitikhate Sooraksa, a fresh-faced 34-
year-old lecturer in indusimial technolegy at the King Mongkut
Institute of Technology, just east of Bangkok. This lethal weapon
came cheap. It took Pitikhate and 10 undergraduate students
a year and just 70,000 baht {($1.700) to develop.

Roboguard is being touted as Asia’s first armed robot
security guard. Thammachai Chaopreecha. a member of
the government’'s Research Council of Thailand, calls it “a
major breakthrough in Thailand’s enginecring field.”

“l couLD BE A RICH MAN IF ] SOLD
this, but that’s not what I want”

PITIKHATE SOORAKSA,
KING MONGKUT INSTITUTE OF TECHNOLOGY

However, Pitikhate remains modest: “1'm very sure that the
United States military has a much more sophisticated war
machine than this.”

If it does, the U.S. isn't saying. But shorly after a report
on his invention aired on television. Pitikhate received a
mysterious phone call from someone who asked if this was
the start of robot warfare. Perhaps he's being a little paranoid.
but Pitikhate eammestly asked his ReviEw interviewer: "Are you
from the CiA>"

Pitikhate calls Roboguard “a necessary evil, given that

September 14, 2000

tauvgrLiun I

ARMED AND DANGEROUS: Pitikhate with Roboguard

there are a lot of bad guys out there, espeaially since the
economic crisis began a few years ago.” But he's keen to
ensure the robot weapon doesn't fall into the wrong hands
“This 1s not for home use, because it could be ven
dangerous. Itis a double-edged sword and it could be used
by the bad guvs.” he says.

INTEREST FROM THAL MILITARY

So far, he has said "no deal” 10 approaches f1om Tha
companies interested in buying the machine. "1 could be =«
rich man if | sold this, but that's not what { want—1"m =
researcher, not a businessman.”

Pitikhate savs Roboguard should be used onhv in
professicnals such as the military or the police. Indeed. Uw Tha
mititary has already expressed an mterest, inviting him io
give a talk on the weapon to the Thati air lorce.

It's plain to see Pitikhate is very fond of his Iittle invention.
He calls the potentially lethal device “guy” as he affectianatehy
pats it and explains how its gun, camera and sensor can swived
vertically and horizontally, either controlled by somcone uxing:
a computer. or automatically.

He's not too happy about the gun, which 1z u Japanese
made air gun. But he says it could easily be replaced In cithun
a tear-gas launcher or even a machine gun

When Roboguard is operating under rentate contial
the controller, responding to an intruder alarm woenn -
his computer, canissue a warnimea throuel o ~peaber B
the device can also be set up 1o automasically retimm e
i 1t's shot at—a so1t of robot version of <hool fiiss, e .
questions later, =

cz-fastece foennmn Poven 39
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Roboguard
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