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ABSTRACT

In robot control, mathematical equations describéhgamic behaviors of robots are
usually complicated. Additionally, the componentgls as inertial and friction parameters
appearing in these equations are very difficullétermine exactly. With robots having complex
structure such as parallel robots, MRM robots #¢te derivation of dynamic equations becomes
more difficult and sometimes cannot obtain anafityc In those cases, controlling robot based
on its equations of motion is quite hard. Applyfagzy logic for robot control can overcome the
mentioned drawbacks. This is because fuzzy coatgarithm gives favorable condition to deal
with the lack of adequation as well as inaccuraicgamponents in robot's dynamic equations.
Furthermore, the fuzzy rules are created by clawbésh based on human logic, so it is easily to
understand and implement. This paper discusseagplcation of fuzzy logic for controlling
MRM robots. To compare the results obtained frozeyucontrol, this paper are also adressed
the use of the computed torque algorithm to coiieM robots.

Keywords:mechanism of relative manipulation robot (MRM rgbéuzzy logic, fuzzy control.

1.INTRODUCTION

In [1,...,5], the model of MRM robot was introducdasically, the proposed MRM robot
include two serial/parallel robots to cooperateeath other for serving a desired purpose: a
master robot (we call first robot or tool-robotjrgs the tool (example as drilling machine) and
a slave robot (we call second robot or jig-robathds a jig used to hold manipulated object.
MRM robot performs manipulations to the object whesth two robot mechanisms work
together and tool-robot manipulates to object whiglow relative movements between two
mechanisms.

Controlling manipulations of MRM robots can be readl by classic method. First of all,
inverse kinematics of the MRM robot must be solwednerically/anatically. In the next step,
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MRM robot’s dynamic equations are established basethultibody dynamics theory using the
Lagrangian method or Newton-Euler method or prilecipf compatibility etc. Thanks to
kinematical results and dynamical equations of taothe well known control algorithms such as
computed torque or feedward+PD/PID are appliedotatrol robot. It can be pointed out that
these methods have disadvantages in constructmtgotonodule because dynamic equations of
MRM robots are too complicated. In addition, ingrfparameters as well as friction parameters
in dynamical equations are not able to determiraetix

Based on the way of human thinking and processifgymation [6], fuzzy logic brings
several benefits in controlling engineering systef® design fuzzy control module, the first
step is determining input and output of control oied fuzzificating input and output. Then
control law and composite law are established hrddst step is defuzification. All those steps
are independent with dynamical equations of cordbjéct. Several authors applied fuzzy logic
to control field and achieved positive results, égample [7-11]. To the best of our knowledge,
however, applying fuzzy logic for controlling MRMbots is not considered in literature. This
paper will discuss the use of the fuzzy methodatatrol MRM robot. The results obtained from
fuzzy method is compared to the results obtainsgdan the computed torque control method.
All of control modules are designed in MATLAB/SIMUMNK environment for real-time
simulation and control purposes.

2.MRM ROBOT'S MANIPULATION MOTION

The Figure 1 presents 5-DOF MRM robot model whishused for welding (or lazer
machining) purpose, including 3-DOF tool-robot @vDOF jig-robot. Tool-robot consists of
the base platform, denoted by the numbgrdnd movable links, denoted by numbeis L,
and L3, respectively. Jig-robot consists of another halagform, denoted by numberd-and
two movable links k; and L.

The motion of links: L, rotates around,g L, rotates around;z L3 translates along,z
L,; rotates around,gand Ly, rotates around,z The first three DOFs of the tool-robot allow it
to bring welding tool to any position in its workae while orientation of welding tool axis is
always parallel to . Besides, 2-DOF jig-robot allows the rotation arduwo perpendicular
axes, gives ability to control manipulation origida vertically to tool-robot realize
manipulations. The collaboration between two merdmas brings the flexibility for controlling
manipulation’s position and orientation.

The inertial frame xy10Z10 IS Used to as the fixed Catersian coordinate sysi® describe
position and orientation of any link of the robtte standard Denavit-Hartenberg method is
applied. The coordinate systems are showed on éiguthe kinematic parameters of the tool-
robot and the jig-robot are presented in Table d Brrespectively. Considering tool-robot, the

following transformation is usedx vy, .z, - X,¥,Z,~ X,¥%,Z,> XsYsZin which

transformation matrices are defined ;1(611), "A1(015), and’A15(615). As a result, position
and orientation of the end-effector in the fixeafie are determined by the following matrix:

0A13: OAll(ell) lA 12(e 1) Z'A li(e 1) (1)
Similarly, for the case of Jig-robot we have follogg transformation chain:

X YioZiy = %oy YmZoi— %, Yy 2, With transformation matrices respectivelAzo, °Azi(61),
'A5(6,,). One leads to:
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0'AZZ = 10A 20 OA 21(e 2]) % 249 2; (2)

the workpiece is clamped on the tablg lwith the configuration of the machining object

identified in the frame »y.,2>,. Using the kinematic parameters to describe thsitipn and
orientation of the end-effector in they.z,, frame:

P[RR [ % 7 Y Zs P a1 b 3)

231, 2

Figure 1.MRM Robot model and coordinate systems.

MRM robot's DH parameters are presented in Talded Table 2, with Table 1 presents
DH parameters of tool-robot and Table 2 presentspBitameters of jig-robot.

Table 1.Table of tool-robot's DH parameters.

Parameter
Link b 4 a *
11 911 d11 a1 0
12 012 0 an 0
13 0 dis 0 0

387



Phan Bui Khoi, Nguyen Van Toan

Table 2.Table of jig-robot’s DH parameters.

Parameter
Link O 4 a *
20 0 o a0 Xelog
21 021 0 0 90
22 02, by 0 0

It can also be shown the position and orientatibthe frame xsy1sz:3 with respect to frame
Xo2y22Z5> s follows:

8 o 2 T
22 — Cp21 P Cp22 Y p2 ypl3 - p P rP
A13 (p) - Cp31(p) Cp32( p) p33( F) p13 { OT ]J (4)
0 0 0 1

The other way to describe the position and oriemadf the end-effector, frame 15,3, with
respect to fixed frameg/1021 as follows:

0A23 = lOA 20 OA 21(e 2]) %\ 22(e 2) 2%\ 1@ ) (5)

From the equations (1), (5) we see that both twirices °A 5, °A,; describe the position and
orientation of the frame %/,32;3 with respect to fixed frameygy10z10, We obtain:

qul(q) quz( q) qu3( C) ” qui C)
2p ()= PAA A L A =| Celd) Gald Cedd Tyaddl g
3( ) 20 Nl 3 Cq31(q) Cqsz(Q) Cq33( C) 22 qu{ q

0 0 0 1

Equation (6) is known as the kinematic equatiorradifot in matrix form. This representation
shows the relationship between the MRM robot's theda manipulation motion, which is
described by six relative operational coordinatesvben frames yyy,,2,, and frame Y1713
(3), and the motion of the robot links, which isdébed by five joint coordinates as follows:

q=[,a] =[61,0:,0.,0,,0.] (7)

Given the joint coordinates, we can compute thatiked operational coordinates of the matrix
2p,,. On the other hand, given the relative operatimwirdinates of frame ;%3215 with
respect to frame¥y..z2, (3), we can solve inversely kinematic problem ¢onpute the joint
coordinates (7) [2].

Applying the same method of kinematic investigatiomaper [2] when using MRM robot
for welding process is showed on Figure 2. Machpag 2 is on jig-robot’s table 1 what is
welded with tube 3 follow butt weld 4, with paramet

- The path of the butt weld 4 is intersection of tsbeface with machine part’s surface 5,
is a parallel plane withyyaxis and slope an angl¢o the horizontal plane.

- The tube axis z is perpendicular to the surface 5.
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- Center O of welding path’s circle have coordinates Y., z) in the frame ¥%y.,7,,,
radius of the tube isr.

- The axis of welding tool (welding gun)s4as coplanar and sloping an ang@levith tube
axis.

- The velocity of welding tool's head along weldingtlp is v which is given base on
welding engineering requirement.

. jig-robot’s table
. machine part

. tube

. welding path

v A W N B

. machine part’s surface

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

Table 3 Parameters describe the machining object.

’Y XO yo Zo r }\4 Vh
30° | 0.4(m)| 0.1(m)| 0.1(m) 0.07(m) | 45| 0.02(m/s)

By virtue of above requirements, the relative matdippon motion of the end-effector (the
welding gun) can be obtained and described by doates (3) and their derivatives. Based on
these results and kinematic equation (6), the kvadlvn algorithms such as Newton-Raphson is
applied to solve inverse kinematics and obtairettajry and velocity of MRM robot’s links.

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

3.MRM ROBOT’S DYNAMICAL EQUATIONS

While the robot performs the operation, the kinaecahtconstraint, which is imposed by

relative manipulation motion, will form the kinen@tl close-loop chain.The Figure 3 presents
the closed-loop MRM robot’s structure.

Although kinematic structure is closed-loop, we arlie that the dynamic equations of
motion can be formulated in terms of independemtegaized coordinates (7). Utilizing the
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principle of compatibility as shown in [3, 4, 5,,1123] the robot dynamic equations of motion are
written as follows:

M(a)g+C(q,g)+ G(ar Q= L (8)

Figure 3.closed-loop kinematic chain of MRM robot.

where
M(Q):{_ (J;”Nn 40, % ):| ()
o\ T > Ve oo E amkj amj_amk'
C(a.9=[g.G.,.¢ . ‘c;k,z.;i( kDiga, ( k’qu(aq ) aq] (10)
T on
G(g)=[g.9..9] . g=— (11
@=laa.d . Fo

where m J;, Jk are mass, translational Jacobian, and rotaticmadhlan of link i;6 is the
inertia tensor of link i with respect to the frathat expressed in link i with origin at its centér

mass; | = 1,..,5t1 is the potential energy of the systegn(], are vectors of the joint positions

(7), velocities, accelerations, respectively; (K) is Christoffel notations; m(k, | = 1,..,5) are
elements of the mass matrix M(q).

u=[U,U,,. U]’ (12)

According to [12, 13], the elements of vector U dhe expressions of the control
forces/torques that match the programed motiohefdobot.

Q=[Q.Q,.Q]" (13)

The elements of the vector Q are the expressiotiseofieneralized forces of the friction,
disturbance forces as well as other non-conseevdtikces applying on the robot. In general, it
is hard to build up exactly robot’'s dynamic equasidoecause of difficulty to determine these
forces. It means why the classic control algorithave disadvantages and difficulties. As
mentioned above, this paper will discuss the ust®ffuzzy method to control MRM robot to
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deal with the lack of adequation as well as inamcyirof components in robot's dynamic
equations. For the purpose of comparison of therablaws, the classic control and fuzzy the
control, in this work we assume that the generdlimmces are generated of the friction and
disturbance and can be obtained as follows:

Qy =Hlch g ] (14)
Qus = d[sin(q,)+1,cos(g )+1,sin(g ),sin(q )cos(ciin(2q,)T (15)

Then
Q=0Q; + Qy (16)

(with p = 0.003 and = 0.5).

It is important to note that the mentioned dynameguations used to calculate control
forces/moments of the robot based on the well-kn@emputed torque control law. When
applying fuzzy control, Q as unknown and dynamézplation is inadequate and inaccuracy.

4. COMPUTED TORQUE CONTROL

With MRM robot model as Figure 1, 3, the kinematitd dynamic problems are resolved
to find out the links's motion trajectory and drigi momen at the actuated joints with the
purpose is the desired technical manipulation. dloee, we need a control law to ensure
welding gun following desired welding path in thart@sian coordinate system of jig-robot's
table,and comply the prescribed motion trajectory.

For the purpose of verifying, we first applying tletassic control law, such as the
computed torque control, to control MRM robot. &l the set gt) andq, () are actuated

joint’s trajectory and velocity of MRM robogd(t), ¢° (t), ¢ (t) are desired trajectory, velocity
and accelerator. By virtue of dynamic equationsa@lgf(t), ¢’ (t), ¢’ (t) which are obtain
from inverse kinematics, computed torque contraldésigned with the purpose so th#t)cand
¢ (t) follow g&(t) andqid (t), so welding gun follow desired welding path in tBartesian
coordinate system of jig-robot's table. The inpéitcomputed torque control are(t ¢ (t),

qi(), ¢° (1), §°(t)and dynamical parameters in (8), output is drivingmen set at actuated

joints. We will use mediate variables e(t) aft) which are position error vector and velocity
error of links. Now, control purpose will be cortirmg driving momen at initiative joints so that
e(t) ande(t) are small as desire.

With position error and velocity error:

e(®=q®-4d @
{e®=qm—dm 0
With dynamical equations (8), we choose the comdnwlas follows:
u=M(q)u +C(q,a)*+ G(a)} Q (18)
where
v=g"'-Kqe-Kye (19)

The matrices K, Kpare positive diagonal.
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K, =diag k,, Koy ko } 5 Ko= diag kyy ko, oo kod 5 k> 05 > (20)
Applying computed torque control into MRM robot
We choose K and K for computed torque control module, as follows:
Kp = diag{451, 450, 431, 465, 435}
Kp = diag{45, 46, 42, 43, 40}

The Position.mat, Velocity.mat, Accelerator.mat are files of position, velocity and
acceleration which are obtained from kinematic ysigl using From File to insert them into
Simulink as input data, those data are transformed @wonputerTorqueControl (block
contain computed torque control) to calculate dgvimomen at actuated joints. After that,
obtained momen will be transformedRobot (MRM robot model) to calculate and find outreal
position and velocity of links. Position and velgcare also responded to control module to
compare with the desired position and velocity.

SIMULINK MODEL: Figure 4 shows the system of computed torque contro

Gain1
@4
ddq_cal

Accelerator. mat buh‘
e e >

Calculated Accelerator 1 it
— q_cal \(l
Faosition. mat

Calculsted Position @
d |
Velocity. mat 9=

Calculated Velocity

F
a  Accelerator_Resl -

¥
|

dq_real q_real

ComputerTorqueControl Robot

¥y

0 0 =

Trajectory Paosition Emor Velocity Emor Velocity

Figure 4.Simulink model of computed torque control.

The results are shown in figures from 7 to 10 ia tlext content with the aim is that
comparing them with fuzzy control’s results.

5.FUZZY CONTROL

In above section, computed torque control moduledesigned thanks to dynamical
equations (8) to control MRM robot. However, deteing dynamical parameters and building
up dynamical equations are complicated. Moreovegnathical parameters are difficult to
determine exactly and many other intereferenceadatinpn MRM robot which are difficult or
cannot determine. In this part, fuzzy logic will bged to designed control module with purpose
that declines the complexity and difficulty whemtroict control module for MRM robot. We
will use fuzzy control to find out desired contgignals for MRM robot. Input parameters will
be used as above.

e Summary fuzzy logic
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A Fuzzy Set F is determined in classical set X Whis each element is a couple of value
(X, uF(x)), where:ug: X — [0,1]. [14]. Logical mappinguris considered as membership
function of fuzzy set F. Classic set X is considegis base set of fuzzy set F.

Characteristic parameters of fuzzy set:
- The height (h) of fuzzy set F (define on base gasXalue:

h= SUpKe ) (21)
- Determining domain (S) of fuzzy set F (define osdaet X) is subset of X, satisfy:
S=sup p (X) ={x OX] £(x) >0} (22)
- Trusted domain (T) of fuzzy set F (define on bagtex3 is subset of X, satisfy:
T ={x OR | 4 (x) =1} (23)

The common forms of membership functibriangle membership function, trapezium
form, Gauss form, Sign form, Sigmoidial form, Camplate form.

Operations on fuzzy setJnions of two fuzzy sets, intersection of two fuzggts,
complement of two fuzzy sets.

Linguistic variable: Apart from describing variable by physical valuapgarent values),
they also can be demonstrated by linguistic valffeszy values). Each linguistic value is
demonstrated by fuzzy set, has base set whichysqatt domains.

Composite lawsysten& composite law system is described by n clausg: |
R: If ... then ... or
Ry If ... then ... (wherel=1...n-1)

Setting Band y as Fuzzy Set and membership function of compdsiteR. Meanwhile
Fuzzy Set Rof composite law system[14]:

R'=B0B,0..0B, (24)
The common composite law systems: MAX-MIN, MAX-PROEUM-MIN, SUM-PROD.

To calculate membership functigi,.(y) of output value Rf a composite law system
which has n composite laws,R.,R,, the first we computgl,.(y), then calculatg/;. (Y) follow
choosen composite law, base on membership funstiaitulated formulas of two fuzzy sets.

Common calculated formulagy (Y) in enginerring for a composite clalBe= A=> B:
H(Un, M) = Min(Ly, 1) (25)

H(Hps Hg) = Hallg (26)

Defuzzification: ®@mmon defuzzification methods are maxima method baycentric
method.

» Applying fuzzy logic for controlling MRM robot
Step 1:Determining input and output

The input of fuzzy control module include e(t) aft), are position error and velocity error
of links, are used as above. The output is adjustehen at initiative joints so that e ahdre
small as desire. Supposing real momen need td gatiative joints arer;to e and® come to 0,
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theoretical driving momen set at initiative joirdaset? to e andé come to 0. So, adjusted
momen at initiative joints is value which presemtthe diference cf; andt{:

u=7-7° (27)

Now, we can consider control module’s input arg aftde(t), output is u(t). With each
couple of values e(t) arit), control module will calculate adjusted momerirétiative joints
and export a signal u(t) to adjust e(t) @& come to asymptotic point with O:

_ T
e=[eg, ... ¢]

with: e, &, e;are position error of tool-robot’s links respective

Q, e;are position error of jig-robot’s links respectiyel

T, T
de=[g,..., ¢]
with: é4, é,, ésare velocity error of tool-robot’s links respectlive
€4, ésare velocity error of jig-robot’s links respectiyel

T
u=[u,... u
with: uy,..., lsare adjusted momen and force at MRM robot’s jaiagpectively.

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

Table 4 Physical domain of input and output variables.

Link e é Ui
1 [min, max] (deg) [min, max] (dég) [min, max](N.m)
2 [min, max] (deg) [min, max] (dég) [min, max] (N.m)
3 [min, max] (mm) [min, max] (mm/s) [min, magj)
4 [min, max] (deg) [min, max] (deg/s) [min, max].()
5 [min, max] (deg) [min, max] (dég) [min, max] (N.m)

Step 2:Fuzzificating input and output

Choosing the number of linguistic variables so titas not too big and not so small,
because if choosing the number of linguistic vdesalis too big then composite law system will
be complicated and difficult to present law systammputed mass is big. If choosing the
number of linguistic variables is so small theoathnot demonstrate all of features of system and
adjustment will not smooth.

Fuzzificating e(t);physical domain of gwith i=1..5) is devided into 5 sub-domains. Each
physical domain X(sub-domain of physical domain of) @emonstates a fuzzy set Each
fuzzy set Fdescribes a linguistic value. (j=1..5 because emd® physical domain of &to 5
sub-domains)

We will have 5 linguistic values which demonstritieg, using symbols for 5 linguistic values:
AL: big negative  AN: small negative #Zrm  DN: small positive  DL: big positive
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Therein: AL, AN, Z, DN, DL are linguistic values vdh are demonstrated by fuzzy sets
F...., i respectively.With E ..., ks are fuzzy sets which determine on base sgfs..X Xs
respectively. The value of physical domain increag@adually fom Xto Xs. Choosing triangle
membership function, we perform as shown on Figure

[20]

min(e)) : | | mat(e)
AL, {F}{X1} | Z {F;}._! £33} \J, DL. {Fs}.1{Xs}
e | o T
I | 1 |
| AN (Faixa | DN, {Fs)! (X}

1
-
|

Figure 5.The membership function.

So, position error vector e(t) of MRM robot’'s SHgare fuzzificated by 5 linguistic values
as above. In spite of linguistic values’ name dne same for ;e but physical domains
desmostrate them which are different.

With é(t) and u(t), we also do the same, and hence,veith & é;, u we use 5 linguistic
values to present. In the same way, in spite gfulistic values’ name are similar for egjt),
u(t), but physical domains desmostrate them whietddferent.

Step 3:Build up control law

We build up the composite law system for MRM robdariables g é; and w will be
demonstrated by 5 linguistic values as above,citshposite law system is presented in FAM
table. If the value ofi@ndé; belong to physical domain which demonstratesguistic value in
{AL, AN, Z, DN, DL} of each variable then control @dule will also give control signal,with
its’ value belong to physical domain which democaists a linguistic value in {AL, AN, Z, DN,
DL} of it to adjust the value of;eandé; so that they come gradually to physical domain tvhic
demonstrates linguistic value Z. In other words, physical value come gradually to asymptotic
domain of 0. The composite law system of fuzzy muing described in Table 5.

Table 5.FAM table present the composite law system (GTNiguistic values).

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

z DL DN z AN AL
DN DN z AN AN AL
DL z AN AL AL AL
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If we just control one link, this is quite easydiaw the control law because adusted law of
u; will be proportional to @andé;. However, paper’'s aim is that controlling 5SDOF MRb&bot,
its’ links have kinematic and dynamic relation tthger, so the changed rules of u(t) may no
longer proportional to ;@) andé;(t). After some tests, a suitable control law f@G MRM
robot is chosen and presented as FAM Table 4:

Thanks to FAM table, we have a composite law systeding 25 composite clauses:
Ry If e(t) is AL ande(t) is AL then u(t) is DL or

Ry If e(t) is DL andé(t) is DL then u(t) is AL.
Step 4: Determining composite device

Due to 5 linguistic values {AL, AN, Z, DN, DL} ardemonstrated by physical domains
{X1, ..., X}, but physical domains X ..., Xs intersect as presented above. So, input values e
andé; are at one moment those always belong to two dwmai{X,, ..., Xs}. In other words, ¢
andé; are at one moment those always belong to two figztg which demonstrate any two
linguistic values in 5 above linguistic values. Tdfere, each composite law will have different
dependence whenandé; are putted on control module. We need determipenidence of each
composite law and dependence of whole compositesiestem to find out output’s dependence
when putting input on control module. Compositeidewill be used to do this. This paper
choose composite law MAX-MIN. Calculating each casife law’'s dependence by formula
(25) and computing whole above composite law systelependence by MAX rule as under:

Hag(X) = max{u,(X), (5 (X)} (28)

Step 5:Defuzzification

The output of composite law block is the dependefte need defuzzificate to obtain
output’s physical value. This paper uses barryaerdefuzzification method and triangle
membership function because they give believaldalt®in the simple way. This method will

give physical value 'y is barycentric point’s abscissa of range whictcrieated by (Y)
horizontal axe. The formula to determine y

[ ytzo.(y) dy

=5 (29)
[ () dy
S

y

Applying: Position.mat and Velocity.mat are calculated trajectory, velocity which are
obtained fromMaple.Torque.mat, PhysicalDomainsare set of momen’s approximate values,
block give approximately physical values of inpotdautput respectivelyzuzzy Control is the
block which contains fuzzy control modukRgbot is MRM robot model.

The results are shown from Figure 7 to 10 in the& @entent with the aim is that comparing
them with computed torque control’s results.

SIMULINK MODEL: Figure 6 shows the system offuzzy control applyimgontrol MRM
robot.
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@4
g_cal ;
Paositicn.mat
Calculated Position P =
= .
da_cal \(’ »e= u »F
o L
Velocity. mat | ApproximateTorge wla  Accolerstor Real
Calculsted Velpcity | FhrysicalDomains. dyg b 1 ;
T_apx Fuzzy Contrel Robot e ee
Torge.mat
= Gain2
Approximate Torge
/{]4
N Domains \J
PhysicalDemains
- N
>

Trajectony Paosition Error Velocity Emror Welocity

Figure 6.Simulink model of fuzzy control module.
6. SIMULATION RESULTS

For the case of MRM robot presented in Figure 1th&ir geometrical and inertial
parameters are designed as follows (links are hemmaus, sections are unchanged), Table 6, 7:

Table 6.Geometrical and inertial parameters of MRM robot.

Coordinates of links’
Dimension of links _ barycenter on local
Link Shape Weight | cartesian coordination
(kg) system
Section (m) Length/ x(m) | y(m) [ z(m)
Thickness (m)
11 | Rectangular girder 0.08 0.02 0.33 8 -0.165 D 0
12 | Rectangular girder 0.08 0.02 0.33 8 -0.165 D 0
13 | Rectangular girder 0.02 0.01 0.4 3.5 @ 0 0.2
21 Half of Cylinder 0.08 0.3 50 0 0 -0.16
22 Dick 0.06 0.05 20 0 0 -0.0%
Table 7.Physical domain of input and output variables.
Link [ éi u
1 [-2, 2] (deg) [-2, 2] (deg/s) [-25, 25] (N.m)
2 [-2, 2] (deg) [-2, 2] (deg/s) [-25, 25] (N.m
3 [-2, 2] (mm) [-2, 2] (mm/s) B5, 25] (N)
4 [-2, 2] (deg) [-2, 2] (deg/s) [-25, 25] (N.m)
5 [-2, 2] (deg) [-2, 2] (deg/s) [-30, 30].(N)
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The results are shown from the Figure 7 to theréidi.

Calculated trajectory and simulated trajectory of MRM robots & links via computer torque control and fuzzy control

B 200 oo oo R oo o b b .
£ ! H . . : ' :
£
=
5
H
= -300
=
-400
A0 e e o e o R b
-600 |
0 2 4 6 § 10 12 14 16
tis)

Figure 7.Graph of calculated and simulated trajectory of MRMot’s 5 links.

Paosition error between calculated trajectory and simulated trajectory of MRM robot's 5 links

Position error between calculated trajectory and simulated trajectory of MRM robot's & links via computer torque control
Paosition error between calculated trajectory and simulated trajectory of MRM robot's 4 links via fuzzy control

Paosition Error(mm, deg)

008 | | | |

Figure 8.Graph of position error of MRM robot’s 5 links.
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Desired welding path
Simulated welding path via computer torge control
Simulated welding path via fuzzy control

Z{mrm)

150

Y{mm) X(mm)

Figure 9.Calculated and simulated welding path in Cartes@ordinate system of jig-robot’s table.

Position error between desired welding path and simulated welding paths
T T T T T

Position error between desired welding path and simulated welding path via computer torque control
Position error between desired welding path and simulated welding path via fuzzy control

025

Paostion Error{mm)

t(s)

Figure 10.Position error between calculated welding path raadi welding path.

7.CONCLUSION

The received results show that fuzzy control gitles relatively positive results in
comparison with computed torque control about tbeusacy. Moreover, undeniable benefit's
fuzzy control is that we do not use dynamic equmstivhen buiding up control module and we
do not need to use accuracy and adequate dynamiati@ss in control process. This is
particularly meaning when applying to control emgiring systems that we cannot determine
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exact mathematical euquations of control objecthla paper, fuzzy control’s input and output
are fuzzificated by 5 linguistic values. If we usere linguistic values then the accuracy and the
smooth of signal are higher. The paper’s analysd r@sult contribute a meaning part in the
expansion of research and application of moderaribe in controlling complex robots such as
MRM robot. This is base for the next studies, arghaill research the combination of fuzzy
logic and some other theories such as Hedge Algeblaural Network, Genetic Algorithm to
optimize control method. The results of these neddag will be presented in next papers.
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TOM TAT
UNG DUNG LOGIC MO TRONGDIEU KHIEN ROBOT TAC HJP (MRM ROBOT)
Phan Bui Khéi, Nguyén Van Toan?
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Trong diéu khién robot, cac mé hinh toamd biéu dién trang thaidong hrc cia robot
thuong phirc tap. Cac cadai luvong trong cac plong trinhdéng hrc hoc cia robot nlr cAc ma
tran quan tinh,dc ma sat,... kho c6 éxacdinh chinh xac. Vi cac robot cé 4u tric phirc tap
nhu robot song song, robot tae... thi viéc thiét 1ap phrong trinhdoéng lec cia robot cang
khé khin va nhéu khi khéng nhn dugc mot cachday du. Trong tueong hyp do, didu khién
robot 1a kha kho kin. Ung ding logic mb vao vic diéu khién robot ¢ th khic phic dugc khé
khan d6. Thuit toandiéu khién my cho khi nang xir I sy thiéu day du va théu chinh xac ga cac
yéu t6 anh hréng trong plrong trinhdong hrc hoc cia robot. Hin thé nita, cac lat mo duogc
sinh ra i cac nénh dé dua trén logic éa con ngoi nén né kha & hiéu va & thuc hién. Bai
bao nay trinh bay ¢¢ ap ding logic my vaodiéu khién robot tac bip. Bé kiém trado tin cay
cua nhirng kKt qua thu duoc tir bo didu khién mo, bai bao trinh bay ¢ ap ding diéu khién kinh
dién (diéu khién hrc) vaodiéu khién robot tac hp dé so sanh.

Tir khoa:robot tac op (MRM), logic my, diéu khién mo.
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