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Abstract: In this paper are presented practical and experimental achievements regarding the constructive and 
functional optimization of the running and driving system of the robots, using regulator based on fuzzy logic. By 
this it has been realized a running stability of a translation module of the robot in contact with the environment 
and on variations of its reactions. 

 
1. Introduction 
The problem in stabilizing the robot running under the environment action and especially for 
the work robots and for the micro robots, represents a relatively new preoccupations which 
have attracted a relatively great attention. 
This paper’s objective was to establish, to conceive and to realize a industrial robot module 
with electric auctioning and to investigate the possibilities of using fuzzy logic for improving 
the module control in position and force. The authors have searched to build a hierarchy on 
two levels, in which is implemented a conventional design of driving, using P.I.D regulators 
(proportional – integrative – derivative) and derivate’s, and on the second level is a fuzzy 
interference system. The aim is to obtain a stable response for a large scale of parameters 
of each type of contact with the environment (disruptive system). 
 
2. Notions of dynamic control of position-force 
The objective of controlling the position or the force or the position and force is to provide the 
tracking of nominal trajectories in the simultaneous tracking of the contact forces on a 
certain movement direction. By dynamic control are synthesized the control forces 
necessary in general for each robot axis (cinematic driving couple), in contact with the 
environment. 
In general the robot dynamic with rigid structure can be represented by the relation: 

 
( ) ( ) ( ) τ=+•+• qQqqBqqA &&&      (1) 

Where: 
  ( )•A represents the insertion matrix 
  ( )•B represents the centrifugal forces 
  ( )•Q represents the gravitational forces component 
  τ represents the generalized force (for control) 
To experiment the control it was taken in consideration the problem of the bi-dimensional 
contact which implies a translation axis of the robot with the environment. The assumed task 
is to maintain a nominal contact force during the nominal trajectory of the axis. 
The results obtained while simulating the translation axis functioning, and those 
experimental are foreseen in the followings. 
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which contains the drivers necessary for the board integrations and a function library for the 
C++ language. These functions have been used for the acquisition software writing. The 
software realizes the acquisition of the signals with a acquisition rate of 20 kHz, which 
implies a sampling period of 1/20000 = 0, 05 ms. The received data are saved in binary files 
in a integer format on 16 bit. The quantification frame is calculated with the relation 10V/212 = 
10V4096 = 2, 44 mV, for acquisitions where it’s not used the internal amplification of the 
board. 
The calculation system used is a PC system with a Pentium IV processor. The A/D 
Interface (NI PCI 1200) is connected directly to the PCI bus of the computer. It has the role to 
run the adaptive adjustment of the program for the engine. Also it records the received data 
which afterwards will be adapted. 
The measuring system of the disturbing forces.It has been used a force transducer with 
a strain gauge stamp.  

 
4.2. The “in force” commanding software 
The engine works being commanded by software for adaptive adjustment presented below. 
The software realizes the D.C. engine command with the help of the electronic interface, 
which is commanded by the acquisition board with a voltage of 0 – 10V. 
The main component parts of the adaptive adjustment program of the force are: 
The function libraries declarations. There have been used the following functions: 

nidaget.h – library with the acquisition function of the PCI 1200 board 
math.h – mathematical functions for C++; 
stdio.h – standard input-output for C++; 
canio.h – console function, input-output for C++; 
io.h – input/output function at low level for C++; 
stdlib.h – standard libraries for C++; 
time.h – function for time counting; 
sys/stat.h – system and state functions; 
ctype.h – function for the writing characters type; 
string.h – working function for the characters rows; 
sys/typs.h – system functions and variable types; 

The declaration and initialization of variables; Are declared and initialized the counting 
variables, for analogical exits, for the position and speed calculus and for the file (name and 
type); 

 File opening; 
Counting initialization; 
Command voltage initialization; 
Command and measure loop: 
- Acquisition of data by the strain gauge 
- Commanding voltage calculation based on the measured force. 
- Commanding voltage value actualization. 
- Writing in a file the read and actualized values of the force. 
- Closing the adjustment loop. 

In the initial phase of the experiments, in the commanding program, has been used a classic 
adjusting algorithm which uses proportional and derivate elements. The chart resulted from 
the experiments is presented in figure 3. 
As it can be observed in the picture above, the response of the system is delayed because 
of the frictions and the imperfections which interferer with the mechanical system at the 
movement starting. 

ANNALS of the ORADEA UNIVERSITY. 
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR2 

 2.103 



 
A

a
s
o

s

o
a

f
o
T
t
T

t

T

A

f

s

o

Figu

After this a
by using p
proportiona
adjustment
system run
outfacing th
regulator is

 
5. System 
(impedanc
5.1. Genera
interference
is applied t
studied bib
used, amon
of the class
a systemat
projection m
functions a
of the fuzzy
The progra
the fuzzy c
These func
interference
the possibi
bound to th
The typica
realizes ce

 - fix
characteris
Also, a typi
user, which
fuzzy interf
can be use
system ide
be realized
neural Fuzz
of the error

ure 3. The tra

rea the sys
proportiona
al derivative
ts (unwishe
nning by re
he determin
s described 

optimizati
ce) of the t
al considera
e systems 
he operatio
liography w
ng others, a
sical regulat
tic approach
method), w
nd the set o
y interferen
amming sof
alculation (
ctions are b
e system” a
lity of callin

he mentione
l basic stru
rtain equiva

xed entry v
stics – funct
ical fuzzy in
h tries to int
ference sys
ed for the a
ntification. 

d with a mod
zy Interfere
r and, for th

ansducer ch

stem runs r
al paramete
e types, it 

ed response
eplacing th
ned irregula
in the follo

ion by usin
ranslation 
ations. The
in the robot
on scheme,
we can deta
at the trajec
tors or in co
h for the fuz
hich is for e
of rules, in w
ce systems

ftware, MAT
(fuzzyficatio
bound by t
and “the fuz
ng the SIMU
ed modules
ucture of th
alence: 
value – ent
tion of exit b
nterference
terpret the 
stem for mo
automatic g
In the MAT
dule that ru

ence System
he optimiza

art with a pro

relatively co
ers at the 
can be obt

es). Becaus
e classical
arities. The

owing. 

ng a fuzzy
axis with e
re are a gre
t command
 as for the 

ach the con
ctory genera
ombination 
zzy interfer
eliminating 
which they r
s, based on
TLAB, has 
on, interfere
two externa
zzy engine”
ULINK simu
s with the h
he fuzzy in

trance belo
belongings 

e system, de
model vari
olding a pro
eneration o

TLAB softwa
uns similarly
m). As for a
ation of the 

roportional-d

orrect. This 
highest v

tained a fa
se of this it 
 adjustmen
 implement

y regulator 
electric op
eat variety o
ding, either 
shape of th

nclusion tha
ation, for th
with them. 

rence syste
the uncerta
raise the qu
n a clear me
defined fun

ence, unfuz
al modules
”. With the 
ulation softw
elp of the d

nterference 

onging func
– fixed val

emands a s
able charac
ocess in wh
of the belon
are, adjustm
y to a neuro
 learning al
studying pr

 
derivate adjus

delay coul
value. If th
aster respon
has been tr
nt with a fu
tation way o

for comm
peration. 
of ways in w
in what reg

he interfere
at the fuzzy 
e engine ty
Many of the
m design (d
ainty in cho
uestion of es
ethodology
nctions for 
zzyfication).
s (realized 
help of the
ware too. T
defined func

systems r

ctions – ru
ues of exit.
structure of
cteristics. B
hich there a
nging funct
ment of the 
onal networ
lgorithm is u
rocess of le

stment KP = 

d not be co
ere are ap
nse time b
ried the opt
uzzy regula
of the syste

manding in 

which we ca
gards the lo
nce system
interferenc

ype definitio
e researche
developme

oosing the b
stablishing 
.  
realizing di
. 
in C++) an
 defined fu

The user’s a
ctions.  
epresents 

les of inte
 

f defined ru
But if it desi
are entranc
tions, so as
reminded p

rk, called A
used the ba
earning AN

55,34; Kd = 2

orrected ne
pplied diffe

but appear 
timization o
ator capabl
em with a f

position/fo

an use the f
cation in w

ms. From the
ce systems 
on, replacem
es in the fiel
ent of a 
belonging 
the parame

fferent step

nd namely: 
nctions the
applications

a model w

rference –

les towards
ires to reali
ces-exits, th
s default fo
parameters
NFIS (Adap
ackward sp
FIS is used

2,45. 

either 
erent 
over 

of the 
le of 
uzzy 

orce 

uzzy 
hich 
e 
are 

ment 
ld try 

eters 

ps of 

“the 
ere is 
s are 

which 

exit 

s the 
ize a 
hese 
r the 

s can 
ptive 
read 
d the 

ANNALS of the ORADEA UNIVERSITY. 
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR2 

 2.104 



gradient method, followed by a optimization algorithm based on the quadratic sum of the 
errors between the whished exit measure and the generated one. 
 
5.2. Time modeling with a fuzzy regulatorThe application which uses a fuzzy regulator was 
developed on the previous open system, modified by introducing a fuzzy regulator instead of 
a classic regulator. 
In figure 4 are shown the main charts of variation of the system measures according the 
time. 
 

 
 
 
 
 

Figure 4. Main charts for the variations of the systems measures: a) position; b) force (transducer 
signal); c) commanding system. 

 
The fuzzy interference system was developed establishing the following: 

- the entrance belonging function type trapezoidal, which describes three linguistic 
of the entrance variable “transduction signal” 

- the exit belonging functions type triangular also describing three linguistic terms of 
the exit variable “Command signal” 

- there have been defined three rules of fuzzy interference: 
- if the “transduction signal” is “BIG” then the “commanding signal” is “BIG” 
-  if the “transduction signal” is “MEDIUM” then the “commanding signal” is 

“MEDIUM” 
- if the “transduction signal” is “SMALL” then the “commanding signal” is 

“SMALL” 
- the defuzzyfication is realized with the “centroid” function 

In figure 5 are given the charts of the belonging functions of the fuzzy system. 
Based on the fuzzy system defined was realized with the SIMULINK model of the 
commanding and running system, presented in figure 6. 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. The belonging functions charts of entrance and exit of the fuzzy system. 
 
From the simulation results have been established the belonging fields laps for the 
mentioned functions and have been established tat the chosen functions are according to 
the requests of the corresponding adjustment. 
Based on the fuzzy regulator parameters, analyzed with the help of the SIMULINK model, 
have been implemented the numeric regulator on the experimental system, replacing so the 
classic regulator.  
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Figure 6. The SIMULINK model of the fuzzy regulator system after the reaction in position/force 
(impedance) 

 
After the realized experiments with the fuzzy system, it has been observed the substantial 
improvement of the adjustment, eliminating the delays produced by the fictions and the 
mechanical system movement (chart from figure 12), without introducing other errors: over 
adjusting or areas with dynamic instability). 

 
 
 
 
 
 
 
 
Figure 12.The transduction signal chart for the commanding system with the fuzzy regulator 

 
The experimental system was realized in the Robotics Laboratory of the Managerial and 
Technological Engineering Collage of the University of Oradea, and can be used for field 
research activities, as for laboratory studying by the students.  

 
6. Conclusions. From those presented it results the advantage of using the fuzzy regulators 
in running some processes and mainly the adaptive running “in force” of the industrial robots, 
processes frequently met in the robotized applications, both in manufacturing and in 
handling. These results can be used in running mobiles robots in areas hard to reach or on 
heavy to reach terrain.  
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