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ABSTRACT

In robot control, mathemaucal equations describing dynamic behaviors of robots are
usually complicated. Additionally. the components such as inertial and friction parameters | a
appearing 1n these equations are very difficult to determine exactly. With robots having complex § |
structure such as parallel robots. MRM robots etc., the derivation of dynamic equations becomes { u
more difficult and sometimes cannot obtain analytically. In those cases, controlling robot based [0
on its equations of motion 15 quite hard. Applying fuzzy logic for robot control can overcome the
mentoned drawbacks. This 1s because fuzzy control algorithm gives favorable condition to deal
with the lack of adequation as well as inaccuracy of components in robot’s dynatnic equations.
Farthermore, the fuzzy rules are created by clauses which based on human logic, 5o 1t 1s easily to
understand and implement This paper discusses the application of fuzzy logic for controlling
MRM robots, To compare the results obtained from fuzzy control, this paper are also adressed
the use of the computed torque algorithm to contro] MRM robots.

g

Kevwords h of relative pulation robot (MRM robot), fuzzy logic, fuzzy conteal.

1. INTRODUCTION h

In[1, .,5), the model of MRM robot was introduced Basically, the proposed MRM robot i
melude 1wo serialiparallel robots to cooperate of each other for serving a desired purpose:a §
master robot (we call first robot or tool-robot} brings the tool (example as drilling machine) and | w
a stave robot (we call second robot or Jig-robot) brings a jig used to hold manipulated object
MRM robot performs manpulations 10 the object when both two robot mechanisms work

together and tool-robot manmpulates to object which follow relative movements between two §
mechanisms

‘ Conlrolllng manipulations of MRM robots can be realized by classic method. First of all
mverse kinematics of the MRM robot must be solved numerically/anatically. In the next steg
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MRM robot’s dynamic equations are established based on multibody dynamics theory using the
Lagrangian wmethod or Newton-Euler method or principle of compatibility etc. Thanks to
kinematical results and dynamical equations of robot, the well known control algorithms such as
computed torque or feedward+PD/PID are apphed to control robot. It can be pointed out that
these methods have disadvantages in constructing conirol module because dynamic equations of
MRM robots are too complicated. [n addrtion, inertial parameters as well as friction parameters
in dynamical equations are not able to determunc exactly,

Based on the way of human thinking and processing information [6), fuzzy logic brings
several benefils in controlling engineering systems. To design fuzzy control module, the first
step is determiming wnput and output of control module, fuzzificating tnput and output. Then
control law and composite law are established and the last step 15 defuzification. All those steps
are independent with dynamical equations of control object. Several authors applicd fuzzy logic
to control field and achieved positive results, for example [7-11] To the best of our knowledge,
however, applying fuzzy logic for controlling MRM robots 1s not considered n literature. This
paper will discuss the use of the fuzzy method to control MRM robot The results obtained from
fuzzy method is compared 1o the results obtaned based on the computed torque control method,
All of control modules are designed in MATLAB/SIMULINK environment for real-time
simulation and contro] purposes.

2. MRM ROBOT'S MANIPULATION MOTION

The Figure 1 presents S-DOF MRM robot model which is used for welding (or lazer
machining) purpose, including 3-DOF tool-robot and 2-DOF Jig-robot. Tool-robot consists of
the base platform, denoted by the number Lo and movable links, denoted by numbers Ly, Lix
and L,s, respectively. Jig-robot consists of another bage platform, denoted by number L., and
two movable links Ly, and L.

The motion of links. L;, rotates around 219, Ly> rotates around 2y, Ly, translates along z),.
Lst rotates around 2 and Ly- rotates around 221, The first three DOFs of the tool-robot 4llow it
to bong welding tool to any position i 1ts workspace while onentation of welding tool axis is
always parallel to z,). Besides, 2-DOF Jig-robot allows the rotation around two perpendicular
axes, gives ability to control manipulation omentation vertically to tool-robot realize
manipulations. The collaboration between two mechamisms brings the flexibility for controlling
manipulation’s position and onientation.

The incrtial frame x,uy 1520 is used 10 as the fixed Catersian coordmate system. To desenlbe
position and orentation of any lmk of the robot, the standard Dcnavit-Hartenberg methad 15
upplied. The coordimate systems arc showed on Figure 1, the kinematic parameters of the tool-
robot and the jig-robot are presented in Table 1 and 2, tespectively Constdering tool-robot, the
following transformation 15 used:

N e A T R T X.0,.2, W which

transformation matnces are defined as "A;,(6,,). 'A1x(8)2). and “A1x(813). As a result. position
and orientation of the end-effector in the fixed frame are determined by the fol lowing matiix.

*An="A,(8,) A (8,)7A,(8,) e

Smilarly, for the case of Jig-robot  we have fo[!owmg transformation  chain:

XV, - v —x

1-Y10=10

'Az(622). One leads to:

27y with transformation matrices respectrvely ""Ay, “Au(8).
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v i f the machining objeqt

v 1 5 on the table L with the configuration o ; )
:gzn:;g;ﬁp::ctehelbﬁ::nr:i?\-nz:,_ Using the kinematic parameters to describe the position and ;
orientation of the end-effector 1n the X»yZn frame:
n 2 2 i
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0

Figure | MRM Rabot model and coordinate systems.

MRM robot's DH parameters are presented in Table | and Table 2, with Table | presents
DH parameters of tool-robot and Table 2 presents DH parameters of jig-robot.

Table I Table of tool-robot’s DH parameters.

1
4 «
dy; aj 0
0 aiz ¢
dis 0 0
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Table 2. Table of figrobut's DH parameters.

. Parameter
~—

It can also be shown the position and orientation of the frame xp3¥13713 With respect o
frame x;¥2222; as follows:

Fepn(8) cn(p) ms(®) 5

z 28 (B) v (B} us(p) “v,, :[CP(P) ) @

M= ) ene) ne) 1] ’
4 0 [+ 1

The nther way to describe the position and orientation of the end-effector, frame x3y)37,3, with
respect to fixed frame x.gy,.z,0 as follows.

“A:J = mAza “sz (6,) [A,‘z (6_':

An(p) (5y
From the equanions (1), (5) we sce that both two matrices "Ax "As; describe the position and
orientation of the frame XuyisZi with respect ta fixed frame Xy wZm. We obtain
hl
Sann (9) Cc]l(q) °q|3<q] "qn{QJ
_leal@) cmla) vale) vala)]
cauld) vla) cufa) “2,.(q)
0 0 0 1 J

JAH(DJ ="AL"AL 'ALUA L

(6)

Equation (6) 15 known as the kinematic cquation of robot 10 matix form This
representation shows the relationship between the MRM robot’s relative manipulation motion,
which 15 described by six relative operational coordimates berween frames XnY¥.z:and frame
Xi3yuzie (3), and the motion of Uie tobot hnks, which 15 described by five joint coordinates as
follows;

a=lg,.q,)' ~[0,.9,.6,,8,.6,] n

Guven the jomnt coordinates, we can compute the rclanve operational coordinates of the
matrix A;x On the other hand, given the relative eperativnal coordinates of frame x,.y,3z,¢
with respect to frame xav:.z, (3). we can solve tversely kinematie problem to compute the
joint coordinates (7y [2].

Applying the same method of kimematic 1oy estgation in paper (2] when using MRM robut
for welding process 15 showed on Frgure 2. Machine pan 2 is on Jig-tobot's table 1 what 1s
welded with tube 3 follow batr weld 4, with parameters,

The path of the butt weld 4 15 intersection of tube surface with machime part's surface 3.
is a parallel plane with y;, axis and slope an angle y to the horizontal plane
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The tube axis 2 15 perpendicular to the surface 5. )
Center O of welding path’s circle have coordinates {Xg. Yo 2) in the frame -

radws of the tube 1s ¢ i )
The axis of welding tool (welding gum) z,; is coplanar and sloping an angle A with wbe

axis. . . S
The velecity of welding tool's head along welding path is v, which is given base oo

welding engineernng requircment

. [ig-robot’s table

S

machine part

2. tube

IS

welding path

machime part's surface

w

Figure 2 Welding path is realized by MRM robot.
Table 3 shows the parameters appearing in this application.

Table 3. Parameters describe the machining object.

Y'X«‘Iu[zo")"vh—l
30°_[ 010m) [ 010m) [00(m) | 0.07(m) 45°] 0.02¢avs) |

By virtue of above requirements, the relative manipulation motion of the end-eftector (the
welding gun) can be obtained and described by coordinates {3} and their derivatives. Based on
these results and kinematie equation (6), the well known algonthms such as Newton-Raphson is
applizd to solve inverse kinematics and obiawn trajectory and velocity of MRM rebot’s links,

Files Position.txt, Velocity.txt, Acceleration.txt are exported with purpose as input data for
conirol,

3. MRM ROBOT’S DYNAMICAL EQUATIONS

While the robot performs the operalion, the kinematical constraint, which is imposed by

relative manipulation motion, will form the kinematical close-loop cham.The Figure 3 presents
the clased-loop MRM robot's structure.

Although kunematic structure 15 closed-loop, we observe that the dynamic equations of
motion can be formulated i terms of independent generalized coordinates (7). Utilizing e
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principle of compatibility as shown in [3, 4,5, 12, 13] the robot dynamic equatons of motion are
written as follows:

M(q)§+C(q,q)+G(q)+Q=U ®

fugure 3 closed-laop kiematic chain of MRM robor,

Where
5
M(q):{Z(J;m;nu;@mjm)} ®)
=l 55
s ; om, Omy am,
C{ad)=[ccamss]’s o= X (kg (klj) =t 2, oMy dmy (10)
(q q) [I s] ) é( A ( ) 3, N aqJ
- £l
Gla)=[g,.go5]" g,=a—q‘ (n

where m,, Jn,, Jg, are mass, translational Jacobian, and rotational Jacobian of link i, 9, is the
inertia tensor of link i with respect to the frame that expressed in hnk 1 with ongin at its center of
mass; [ =1,...5; IT is the potential energy of the system; 9,4.4 are vectors of the Joint positions
(7), velocies, accelerations, respectively: (kI is Christoffel notations; my (k0 = 1,..,5) are
elements of the mass matrix M(q)

U={u, u,...u,] (12)

According to [12, 13], the elements of veciar U are the expressions of the control forces/torques
that match the programed motion of the robot.

Q=100 Q] (13

The elements of the vectar Q are the expressions of the generahized forces of the friction,
disturbance forces as well as other non-conservative forces applying on the robot In general, 11
1s hard to build up exacily robot’s dynamic equations because of difficulty to determne these
forces. It means why the classic control aigonthm have disadvantages and difficulties. As
mentioned above, this paper will discuss the use of the fuzzy method to control MRM robot to
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deal with the lack of adequanion as well as inaccuracy of components in robol’s dynami
equations. For the purpose of comparisen of the control laws, the classic control and fuzzy the
control, 1n this work we assume (hat the generalized forces are generated of the fiiction and

disturbance and can be obtained as follows:

Qn =M[4. 9] 4
Q,. - dlsin(q, ¥ 1.cos(q, 1+1 sin(q,)sin(g, Jeos(q, ).sin(2q,)] 03)

Then
Q=05 1 Q4 (16}

(with p - 0.003 and § — 0 5).

1t 1s important to notc that the mentioned dynamical equations used to calculate control
forcesrmoments of the robot based on the well-known computcd torque control law, When
applying fuzzy control, Q as unknown and dynemical equation is inadequate and inaccuracy.

4. COMPUTED TORQUE CONTROL

With MRM robot model as Figure [, 3. the kincmatic and dynamic problems are resolved
to find out the links's motion trajectory and driving momen at the actuated joints with the
purpose 1y the desired technical mampulation Therefore, we need a control law te ensure
welding gun following desired welding path i the Cartesian coordinate system of fig-robol's
table.and comply the prescnbed motion trajectory.

For the purpose of venfying, we first applying the classic control law, such as the

computed torque control. to control MRM robot. We call the set g(t) und g (t) are acluzted
Jomt's trayectory and v elocity of MRM robot, ¢(1), G (), q‘/ (t) are desired trajectary. velocity
and accelerator. By virtue of dynamic equations (8) and qfl(t), z}." ), 'q,’l(l) which are obtain
from snverse kinematies. computed torque control is designed with the purpose so that q(t} and
¢.(t) tollow g (1) and (}.‘/(t). so welding gun [ollow destred welding path in the Cartesizn
coordmate system of Jig-robot’s table. The iput of computed torque control are qt), ¢,(t},
g, [[_"(t), ¢! (Vand dynamical parameters in (8), output 15 driving momen set at actuated

joints. We will use medte varibles eft) and é(t) which are position error vector and velocity
error of l‘ulks Now, control purpase will be controlling dnving momen at initiative joints so that
et} and é{1) are small as desire

With position error and velocity error

fetr=a.0m-q®

N . un
le=qm-4'®
With dynamical equations (%), we choose the coutrol law as follows,
u=Miqu+C(q,4)+G(q)+Q (18)
where
V=g - Ke— Ky (19

The matnices K. Kpare posttive diagonal.
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K, :dlag{k k,yonk, | K, =diaglk,,.k

- ko, )ik, >0k, >0 (20)

D27
Applying comprted torque control into MRM robot
We choose Ky and K for computed torque control module, as follows:
Ko = diag{451, 450, 431, 465, 435)
Kp— diag{45, 46,42 43,40}

The Pesition.mat, Velocity.mat. Accelerator.mat are files of position, velocity and
acceleration which are obtained from kinemarnc analysis, using From File 10 insert them mto
Simulink as input dat, those data are transtormed into Computer TorqueContrel (block
contain comnputed torque control) to caleulate driving momen at actated joints After that,
obtained momen will be transformed to Robol (MRM robot model) to calculate and find outreal
position and velocity of links. Positon and velocity are also responded to control module to
compare with the desired position and velocity.

SIMULINK MODEL: Figure 4 shows the system of compured torque control.

ey

Figure 4 Stmulink model of compuied torgue conwol

The results are shown in figures from 7 1v 10 in the nexr content with the aim 1s that
comparing them with fuzzy control's results.

5. FUZZY CONTROL

In above section, computed torque control module is designed thanks to dynamical
equations (8) to control MRM robot. THoweser. determuning dynamical parameters and bwlding
up dynamical cquations are complicated Moreaver, dynamical parameters are difficult to
determine exactly and many other intereferences mmpact on MRM robot which are difficult or
cannot determine. In this part. fuzzy logic will be used to designed control module with purpose
that declhines the complexity and difficulty when contruet control module for MRM robot We
will use fuzzy control to find out desired control signals for MRM robo, Input parameters will
be used as above.
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Summary fuzzy logic
A Fuzzy Set F is determined 10 classical set X whjc}} its ea;h elem?nr is & couple of value
(x, WF(x), where: gp:X - [0,1] [14]. Logical mapping pp Is considered as memberskip
function of fizzy set F. Classic set X1s considered as base set of fuzzy set F.

Characteristic parameters of fuzzy set:
The height (h) of fuzzy set F {define un base set X) is value:

hr=sup (%) (W]
eX
Determining domain (S} of fuzzy set F (d¢fine on base set X) is subset of X, satisfy:
S =sup ppp () ={x € X| 4p(x) > 0} @)
Trusted domain (T) of fuzzy set F (define on base set X) is subset of X, satisfy:
T={xeRiux)=1 @3

The common forms of membershp function: Triangle membership function, trapezium
form, Gauss form, Sign form, Sigmordial form, Campanulate form.

Operations on fuzzy ser- Umons of two fuzzy sets. intersection of two fuzzy sets,
complement of two fuzzy sets.

Linguastic varable: Apart from describing variable by physical valucs (apparent values),
they also can be demonstrated by linguistic values (fuzzy values). Each linguistic value i
demonstrated by fuzzy set, has base set which is physical domams

Composite lawsystem: A compostte law system is described by n clause: f14]
R, If . _then _ or
R, If ... then... (wherel=1. n-1)

Setting B,and p, as Fuzzy Set and membership function of composite law R,. Meanwhie
Fuzzy Set R of composite law system[ 14]:

R'=BjUB,U...lUB, 24

The common composite law systems' MAX-MIN, MAX-PROD, SUM-MIN, SUM-PROD.

To calculate membership function 4. (y) of output value R'of a composite law system
which has n composite laws R, . ,R,, the first we compute g (y), then calculate 12, (¥) follow
choosen composite law, base on membership function’s calculated formulas of two fuzzy sets.

Common caleulated formulas i, (y) in enginerring for a composite clause B' = A=> B:
I, 12) = in( e 4, )
M g} = Lty 8

h%ﬂ/l«::fﬁcalr’an Common defuzzification methods are maxima method and barycentrié
method,

Applying fuzzy foguc tor controlling MRM robot
Step ¢ Detenmirung input and output

i E‘e'mpm of fuzzy control module include e(t) and é(t), are position error and velocity et
of links. are used as above The output is adjusted momen at initiative joints so that ¢ and é are

u

o,

it

al

i

oy

iy
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small as desire. Supposing real momen need to set at initiative joints are 7,10 ¢ and é come to 0.

theoretical driving momen set at initiatine joints are rf to ¢ and € come to 0. So. adjusted
L N . d.

momen atinitiative joints is value which present for the diference of t, and 72:

=11 @n

Now, we can consider control module’s input are e(t) and é(1). output 15 u{t) With each
couple of values e(t) and é(t), control module will calculate adjusted momen at imitiative jonts
and expori a signal u(t) to adjust e(t) and £(1) come to asyiptone point with 0

with'e;, ¢, e are pesition ermror of tool-robot’s hinks respectively.
€+, & are position error o[ Jig-robot’s inks respecty ely

]

1v €2, exare velocity error of tool-robot's links respectively.

de:[‘

€4, es are velocily error of nig-robot's links respectively
T
u t[u‘,. ..u<]

with: u,...., usare adjusted momen and force at MRM robo’s joints respectively.

Base on the mass, desired trajectory and velocity of each link. we estimate physical domain
of input and output variables as shown in Table 4

Table 4 Physical domarr. of mput and output vanables

Link ‘ e
H [min. max] {deg) [m1;1._meu(] (deg/s}
2 [mun, max] (deg} [mm._max] {deg.sy [min, max] (N.m)

3 [wun. nax] (mm) [mm._max: (mm s) [mumn. max] (N)
4 [run. max] (deg) [mm._max] (deg s) [min. max] (N m)
s [trn, max] (deg) [mm,_max] (deg s) [mun. max] (N.m)

Step 2. Fuzzificating mpur and outpus

Choosing the number of hingustie vanables so that 1t 1s not too big and not so small,
because 1f chonsing the number of Iinguistie \ariadles 1s 100 big then composite law system will
be complicated and difficult to present law system. computed rmass 1s big. If choosing the
number of hinguistic variables s so small then 1t cannot demonstrate all of features of svstem and
adjustment w1ll not smooth.

Fuzzificating eqt): physical domain of ¢ fwith 1=1.5) js devided into 5 sub-demains Cach
physical domain X, (sub-domain of physical demain of &) demonstates a filzsy set F. Each
fuzzy set F, describes a linguistic value (=1 .3 because we devide physical doman of e, nto 3
sub-domains)

We will have 5 linguistic values which demonstrate for c,, using symbols for 5 linguistic values

AL:bignegative  AN. smallnegatne  2:zero DN, small positne DL big posinve
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Therein: AL. AN, Z. DN, DL ar¢ tinguistic values_ which areldemoustm(ed by fuzzy sex
¥, ... Fe respectively.With Fi. .. . F;are fuzzy sets which determine on base sets ,x" s %
respectively. The value of physical domain 1ncreases gradually fom. X, to X;. Choosing triangle
membership function, we perform as shown on Figure 5.

(e 1 |
ALRING L) Z (LS DL, (Fs).(s}
T

I
Uax T | DN, {Fa)l 0
g ]

Figure 5. The membership function.

So. position error vector e(t) of MRM robot’s S links arc fuzzificated by 5 linguistic values
as above. In spite of haguistic values” name ate the same for ¢, but physical domaies
desmostrate them which are different.

With é(t) and u{t), we also do the same, and hence,with each e, €, u, we use 5 linguistic
values to present In the same way, 1n spite of linguistic values’ name are simiar for e(t), é(t),
u(t), but physical domains desmostrate them which are different.

Step 3: Build up control law

We bwld up the composiie law system for MRM robot. Variables e, &, and u, will be
demonstrated by 5 linguistic values as above, its’ composite law system is presented in FAM
table, If the value of ¢, and ¢, belong 1o physical domain which demenstrates a linguistic value in
{AL. AN. Z, DN. DL} of each vanable then control module will also give control signal u,, with
its” value belong to physical domain which demenstrates a linguistic value m {AL, AN, Z, DN,
DL} of 1t to adjust the value of e, and e, 5o that they come gradually to physical domain which
demonstrates hinguistic value Z In other words, tts’ physical value cotne gradually 1o asymptote
dommain of 0. The eomposit law system of fuzzy control is described in Table 5.

Fuble 5 FAM wable present the composite law system (GTNN: Imguistec values).

GTNN AL AN z DN DL
AL DL DL DN z
AN DN DN z AN

z DN z AN AL
DN z AN AN AL
DL AN AL AL AL
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If we just control one link. this (s quite easy to draw the control law because adusted law of
u, will be proportional to &;and ¢,. However, paper’s aim is that controliing SDOF MRM robat,
its” links have kinemane and dynamic relation together, so the changed rules of u(t) may no
longer propornonal to e(t) and ét). Aftcr some tests, a suitable control law for SDOF MRM
robot is chosen and presented as FAM Table 4:

Thanks 10 FAM tuble. we have a composite law spstem, including 25 composite clauses.
Ri:1fe(t) is AL and é(1) is AL then uft) is BL or

Ras i e(t)1s DL and é(1) is DL then uity1s AL
Step 4. Determining composte device

Due to § linguistic values JAL, AN, Z, DN, DL} are demonstrated by physical domains
X, ..., Xs}, but physical domains X,, . . X; intersect as presented above. So, nput values ¢,
and ¢, are at one moment those always belong to two domains in {X,, ..., Xs}. In other words. €,
and é, are at one moment those always belong to two fuzzy sets which demonstrate any two
linguistic values in 5 above linguistic values. Therefore, cach composite law will have different
dependence when e,and ¢, are putted on control module. We need determine dependence of each
compesite law and dependence of whole composite law system to find out output’s dependence
when putting input on contrel module. Composite device will be used to do this. This paper
choose composite law MAX-MIN. Calculating each composite faw’s dependence by formula
(25} and computing whole above composite law system’s dependence by MAX rule as under:

Hiop (%)= moax{ g (), 1, (x)} 8
Step 5. Defuzzification
The output of composite law block 1s the dependence. We need defuzzificate to obtam

output’s physical value. This paper uses barrycentric defuzaification method and triangle
membership function because they give believable results in the simple way. This method will

give physical value y'. is barycentric point’s abscissa of range which is created by 1(y)
horizontal axe. The formula to determine ¥

f Yy (Ndy
§

" [ dy

¥ (29)

Applying: Position.mat and Velocity.mat are caleulated frajectory, velocity which are
obtained from Maple.Torque.mat, PhysicalDomains are set of momen’s approximate values,
block give approximately physical values of input and output respectvely, Fuzzy_Control is the
block which contains fuzzy control module, Robot is MRM robot model
The resules are shown from Figure 7 to L0 i the next content with the aim 15 that comparing
them with computed torque control’s results
SIMULINK MODEL: Figure 6 shows the system offuzzy control applying to control MRM
robot.
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Figure 6 Simuhnk model of fuzzy centrol module.

6. SIMULATION RESULTS

For the case of MRM robol presented m Figure 1, 3, their geometrical and inertial
parameters are designed as follows (links are hamogeneons, sections are unchanged), Table 6,7

Tuble 6 Geometrical and imertial parameters of MRM robot.

Coardnates of links’

Dimension of links barycenter on local
Link Shaps Wesght | Cartesian coordination

(kg) system
Section (m) Length/ x(m) | y(m) | z(m)
Thickness (m)

Ut | Rectangular garder | 003 | 0.02 0.33 8 -0.165 0 0

12| Rectangular girder | 0.03 | 002 033 8 -0.165 0 0
13 | Rectanguler girder | 0.02 | 001 04 35 0 0 02
21 Half of Cylinder 0.08 03 50 0 Q -0.15
2 Dick _ 00e 0.05 20 0 0 [ -0

Table 7 Physical domain of input and output variables.

T B u

L e | (2 21 (deg/s} [:25, 25] (Nm)
. 2 Ll | [2,2] (degs) {-25,25] (N.m)
- 3 1-2.2] () [22limms) | (25, 25](N)
I & [2. 2] (deg/s) [-25,25] (N.m)
- ;&_ [2,2] (degs) [-30, 30 (Nom)
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he results are shown from the Figure 7 1 the Figure 10.

L

Figure 7 Graph of calculated and simulated trajectory of MRM robot's 5 links

i ey g

Figurc 9 Caleulated and symulated welding path in Cartesian coordinate system of jig-robot
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Figure 10 Position errer berween calculated welding path and real welding path.

7. CONCLUSION

The received results show that fuzzy control gives the relatively positive results io
comparison with computed torque control about the accuracy. Moreover, undeniable benefit's
fuzzy control 1s that we do not use dynamic equations when butding up control module and we
do not nced to use accuracy and adequate dynamic equations in control process. This i
particularly meaning when applying to control engincering systems that we cannot determine
exact mathematical euguations of control object. In this paper, fuzzy control’s input and outpul
are fuzzificated by 5 Iinguistic values. If we use more lingwistic values then the accuracy and the
smooth of signal are hugher. The paper’s analysis and result contribute a meaning part in the
expansion of research and application of modern theories in controlling complex robots such &
MRM robot. This 15 base for the next studics, authors will research the combination of fuzzy
togic and some other theones such as 1ledge Algebras, Neural Network, Genetic Algorithm to
optimize control method. The resulls of these researching will be presented 1n next papers.

REFERENCES

Phan Bui Khoi - Calculation and simulation the program meotion of mechanisms of
relative manipulation (MRM), Journal of Science and Technology 47 (3) (2009) 19-28,
Phan Bui Khos - Kinzmatic problems of programming control of mechamsm of relative
meampulation, Proceedings of National Conference on Mechanics, Proceedings of
Naitonal Conference on Mechanics 2 {2009} 317-323
3. c\FDnm VL., Phan Bur Khot - Method for calculating action and constrained reactions
forces in mechamisms of relative manipulation while executing programming motion,
IMASH. RAS, Moscow, 1997,
Phan Bui Khoi~ Applying Principle of Compatibility for analyzing forces of Mechanism
of Relative Mampulation Robot. Thesis of PhD. IMASH RAS, Moscow, 1997
5 Phan Bui Khoi - Dynamical mvestigation of refation manipulation mechanisms it

T;@C]dﬁ;gm] processing - Proceedings of National Conference on Mechanics 1 (2004)

¥}

400

Phan Bui Khoi, Nguyen Van q p

m
g

iy

e



~

Application of Fuzzy Logic for Controlling Mech of Relative Manipulation Robot

6. Mamdani E. H. - Twenty Years of Fuzzy Control: Experiences Gained and Lessons
Leamnt, IEEE Intl. Conf. on Fuzzy Systems. 1993; pp 339-344.

7 Wang L. X. - Stable adaptive fuzzy control of nonlinear systems, IEEE Transactions on
Fuzzy Systems- 1 (1993) 146155,

& SuC.Y and Stepanenko Y. - Adaptive control of a class of nonlinearsystems with fuzzy
logic, IEEE Transactions: on Fuzzy Systems- 2 (1994) 285-294.

9. Yang Y.S,JaX. L., and Zhou C. ] - Robust adaptive fuzzy control for & class of
uncertain nonlinear systems, Proceedings of the 4th Int. Conf Intelligent Techniques Soft
Computing Nuclear Science Engineering, Bruges, Belgium, 2000, pp. 303-311.

10. Takagi T and Sugeno M. - Fuzzy identification of systems and its applicationsto
modeling and control, IEEE Trans Syst., Man , Cybern -15 (1983)-116-132.

11. Wang L. X. - A Course i Fuzzy Systems and Control, Upper SaddleRiver, NI: Prentice-
Hall, 1997.

12. Do Sanh - On the principle of compatibility and the equation of 2 constrained mechanical
system, ZAMM (1930) 210-212

13. De Sanh - On the motion of controlied mechanical system. Advances in Mechanies
Warsaw 7 (2) (1984) 3-24.

14. Keung-Chi Ng, Bruce Abramson - Uncertainty Management in Expert Systems, IEEE
Expert 5 (23 (1990) 29-48.

TOM TAT
UNG DUNG LOGIC MG TRONG DIEU KHIEN ROBOT TAC HOP (MRM ROBOT)
Phan Bint Khér'. Nguyén Van Toan

'Bas hoc Béch khoa Ha Np1 (HUST, §6 1 Bai Co Viét, Har Ba Trung, Hg Not

Korea Institute of Science and Technology, 5 Hwarang-ro 14-gil. Seon ghuk-gu,
Sconl. Republic of Korea

Emall* khowphanbur@hist edu v’ 10an?041 1hd91@gmail.con”
&

Trong diéu kinén robot, cie mé hinh tedn hoc bicu didn trang thai dong fuc eua robor
thudmg phirc tap Cdc cdc dai luong trong céc phuong trinh ddng lue hot cua robot nhu cic ma
rén qudn tinh, lyc ma sat..  kho cd thé xdc dinh chinh xéc. V63 cac robot ¢o chu tric phire tap
nhir robot seng song, robot téc hop. ..thi vige thiét 1ap phuong trink déng luc ciia robot cang khé
khan va ahidu khi khéng nhan duoc mor cach ddy du Trong trudmg hop do, diéu khién robot 13
kha kho khin Ung dung logic més vao viéc didn kinén robot c6 thé khic phuc duoc khé khin dé
Thuat todn didu khidn mer cho kha nang xu li swr thigu day du va thiée chink xac cua cAc yéu tb
anh huong trong phuong trink déng lre hoc cua robot Hur\.lhé nira, cée ludt my duoc sinh ra
boi cac ménh de dua trén logic cua con ngudi nén nbd khi dé éu va dé thure hign. Bai bao nay
trinh bay viéc ap dung logic mé vao dieu khién rober tic hop. DE kiém tra do un cdy cua nhimg
ket qua thu duoc tir bg dieu khién mo, bai bao trinh bay viéc ap dung diu khién kinh dién (héu
khién lyrc) vao didu kiuén rabot tic hop dé so sanh

Fir khider. robot tae hgp (MRM), logic mo. diéu khiéa me.
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