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A FUZZY LOGIC BASED NAVIGATION SYSTEM FOR A MOBILE
ROBOT IN UNCERTAIN ENVIRONMENT

The control system based on fuzzy logic that enables achieving goals by mobile robotic system in an uncertain
environment with obstacles is proposed. We suggest to apply some additional behaviors such as “movement along
the right wall” and *““movement along the left wall” for implementation of mobile robot motion control. Fuzzy
rules for each of behaviors units and speed control unit are realized. A method for coordination conflicts among
behaviors is developed.The velocity control unit, which provides more accurate and rapid goal achievement by
decreasing speed when obstacles or goal is near robotic system and increasing speed otherwise. References 9,
tables 3, figures 2.
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Introduction

Today, mobile robotic systems (MRS) can be used to implement a lot of tasks. It is important to ensure the
autonomous motion of MRS at the environment with dynamically varying conditions or inaccurate information.
Because of such systems can be applied for work in hazardous environments for people; for some objects
investigation or transportation at warehouses and more. Different requirements are imposed to MRS depending on
the task [5]. However, the basic requirements, applied to the operation of the robots, is to provide real-time
operation, solving the tasks for the optimal number of steps, taking into account restrictions on size, power
consumption and costs. It imposed certain requirements to the control algorithms of mobile robotic system motion
and to the technical tools.

There are different approaches to the control of MRS motion. The selecting of the control method was defined
basing upon the conditions of robotic systems operation: deterministic or nondeterministic, static or dynamic. The
main raised problems were the necessary to ensure the operation of autonomous mobile robotic system in an
uncertain environment. The intelligent control methods, such as: fuzzy logic, genetic algorithms and neural
networks [2] are used for implementation of the motion control system of maobile robot, which operates in unknown
and dynamic environments. The fuzzy logic control has some advantages. For example, it does not need the
mathematical model of the controlled process [7] and can be used in development of a multi agent systems [10].
Therefore, the vital task is to provide autonomous movement to the goal of maobile robotic systems in uncertain
environments with unknown parameters by using methods based on fuzzy logic.

Fuzzy logic control

There are several implementation approaches of mobile robot control system: reactive control, deliberative
control, hybrid control and behavior-based control [6]. We suggest to use a behavior-based control system for the
implementation of MRS motion control. Such approach integrates several behaviors of mabile robots that can be
implemented simultaneously and can enable the robotic system adaption for any tasks performing by adding extra
behaviour. Compared to other approaches, this one provides developing more complex and fast control systems.

In many cases, for implementation of mobile robot motion control only two behaviors are used: “movement
to the goal” and “obstacle avoidance” [1, 8]. We suggest to apply some additional behaviors such as “movement
along the right wall” and “movement along the left wall”. The motion behaviors of mobile robotic system
“movement along the right wall”” and “movement along the left wall” are mostly used when it is necessary to move
indoor along the wall or along some corridors. The implementation of these behaviors provides smoothing motion
trajectory of MRS in the environment with many obstacles. Moreover, these behaviours ensure the passage U-
shaped obstacles by mobile robotic system, which is difficult or impossible by using only the behavior “obstacle
avoidance”. Moreover, the motion control system of mobile robot must take into account the velocity and
parameters changing. Velocity control unit operates in the following way: if the distance to the goal of MRS is
large and there are no obstacles near, the mobile robot is moving fast, otherwise the velocity of mobile robotic
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system is slow. This provides accuracy and performance increasing while achieving goal. The implementation of
each behaviour is fulfilled by separate method based on the fuzzy logic.

To achieve the proposed task, which is moving to the goal while avoiding obstacles, it is necessary to define
what obstacle and goal are. In particular, in [9] the goal and obstacles definition are determined by using the camera
only without additional sensors. In [3] is the input variables: the angle between the robot's current heading and the
location of the goal and the distance to any nearby obstacles by using sensors. In [4] the integrating ultrasonic
sensors and the vision system is proposed. The ultrasonic sensors provide distance information between the robot
and obstacles for behavior control of the mobile robot. While the vision system identifies some subgoals for
determining a good motion direction to reach the goal.

We propose to use, as input variables, the distance to obstacles which is derived from ultrasonic sensors while
robotic system motion. The distance to the goal from MRS and rotation angle relative to mobile robotic system
are used for goal determination. At each step during the movement of MRS the distances to the obstacles are
received by distance sensors and the new value of the rotation angle to the goal is calculated. These three sensors
that determine the distance to obstacles which locate at the front of MRS, at the right and at the left is proposed to
use.

To implement such behaviors as “obstacle avoidance”, “movement along the right wall” and “movement along
the left wall” the input linguistic variables “distance to obstacles at front”, “distance to obstacles from the right”
and distance to obstacles from the left ” that determine the distance to obstacles are used. The set of linguistic
variables values is given as {«Small», «Average», «High»}, denoting small, medium and large distance to the
obstacle respectively. To implement the behavior “movement to the goal” the input linguistic variable “angle error”
that defines the angle, calculated as the difference between the desired heading required to reach the goal and the
actual current heading of MRS, is used. The set of linguistic variable values is given as {«Negative», «Zero»,
«Positive»}, denoting, respectively, the goal location on the right, directly in front and on the left of the mobile
platform. The output linguistic variable of each of behaviors determines the angle of rotation of the MRS.
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Fig.1. Graphical representation of membership functions for input and output linguistic variables

The set of linguistic variable values is presented as {«Left», «Forward», «Right»}, denoting respectively turn
to the left, move forward and turn to the right. To represent linguistic variables we propose to use the triangular
membership functions. Figure 1 views the graphical representation of membership functions of input and output
linguistic variables.Databases of fuzzy rules, which represent behaviors of mobile robotic system motion, are
shown at tables 1-2.

A key issue in behavior of based control is how to coordinate conflicts among behaviors efficiently. The
selection of only one behavior at each step has such disadvantage as the trajectory of MRS, which is not optimized.
For example, when there is any obstacle during movement to the goal, MRS can pass it as from the right side or
from the left. In this case the behavior with the highest priority is chosen among all other behaviors. When
“obstacle avoidance” behavior is selected, than the goal position is not considered. Therefore, in some cases, this
leads to the inefficient outcome.

We propose to use a method to determine the effective rotation angle of MRS, which is a linear combination
of rotation angles that are obtained at different behaviors and activation coefficients, which represent the degree
of activation for each behavior.

The implementation of activation coefficients is developed with the method use, based on fuzzy logic. The
input linguistic variables, which are used to define the activation coefficients, are the same as for behaviors as
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“distance to obstacles at front”, “distance to obstacles from the right”, “distance to obstacles from the left” and
“angle error”. The activation coefficients values are ranges from zero to one.

Table 1 Table 2
Fuzzy rules for the obstacle avoidance behavior Fuzzy rules for movement along the right wall
Input Output behavior
Distance Distance Distance Rotation Input Output
to to to Angle Distance Distance Distance Rotation
obstacles | obstacles | obstacles to to to Angle
from the at front from the obstacles | obstacles | obstacles
right left from the at front from the
Small Small Left right left
Small Average | Small Forward Small Small Left
Small Average | Average Left Small Average Forward
Small Average | High Left Small High Forward
High Forward Average Right
Average Small Small Right High Right
Average Average | Small Right Fuzzy rules for movement along the left wall
Average Small Average Left behavior
Average Small High Left Input Output
Average Average | Average Forward Distance Distance Distance Rotation
Average Average | High Left to to to Angle
High Small Small Right obstacles | obstacles | obstacles
High Small Average Right fro_m the at front from the
High Small | High Left right left _
High Average | Small Right Small Small Right
High Average | Average | Right Average Small Forward
High Average | High Forward High Small Forward
Average Left
High Left
Table 3
Input Output
Rotation Distance to Distance to Distance to Distance to Velocity
Angle obstacles from the obstacles at front obstacles from the goal
right left
Small Slow
Right Small Slow
Forward Small Slow
Left Small Slow
Right Average Medium Average
Right High Medium Average
Forward Average Medium Average
Forward High Medium Average
Left Average Medium Average
Left High Medium Average
Right High Far Fast
Forward High Far Fast
Left High Far Fast

To implement the velocity control unit, the following input linguistic variables were used: “distance to goal”
with the set of values wich is given as {«Small», «Medium», «Far»}. They describe the small, medium and large
distance to the goal, distance to obstacles, which are received from sensors and effective rotation angle of mobile
robotic system, which is received with the usage of proposed method. The output linguistic variable is a variable
that determines the velocity of mobile robot with the set of values, {«Slow», «Average», «Fast»}, denoting
respectively low, medium and high speed. Databases of fuzzy rules, which represents velocity control unit, is
shown in Table 3. The empty cells mean that linguistic variables can take any of their values.

We provide the simulation of motion control system of mobile robot with the usage of software Visual Studio
2010. In Fig. 2 the trajectory of mobile robot to fixed goal at different environments is represented.
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The figure confirms the fact that in both cases goal is achieved. If there is too short distance to the obstacle or
to the goal, the velocity of robotic system decreases. If there is the long distance the goal or to the obstacles velocity
increases. This provides increasing the performance and accuracy of MRS.

QObstacles

Trajectory of
mobile robot

Obstacles

Fig.2. The trajectory of mobile robot to a fixed goal

Conclusion

In this paper the implementation of a mobile robotic system motion control, that enables achieving goal in an
uncertain environment with obstacles, is examined. For this purpose, the implementations of the four behaviors
are developed. The velocity control unit, which provides more accurate and rapid goal achievement by decreasing
speed when obstacles or goal is near robotic system and increasing speed otherwiseare developedtoo.
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Ilpononyemvcss  cucmema ynpaeniHHs HA  OCHOBI HeYImMKOI J102iKU, 5KA 00380/5€  MOOLIbHOMY
POOOMOMEXHIUHOMY KONAEKCY 00CA2amu NOCMAGLeHUX yiell 8 cepedosuuyi, ike Cnocmepieacmscsi 4acmroso. B
cucmemi ynpaenins 6a306i n08ediHKU 3anPONOHOBAHO POUUPUMU NOBEOIHKAMU “DYX 830060iC cmiHu cnpasa’” ma
“pyx 830060i1c cminu 31i6a ", AKI BUKOPUCTOBYIOMbC NPU OMUHAHHI nepewko0. /s KOJCHOI 3 n08ediHoK ma O
KOHMPOIO WEUOKOCHI pO3POOAEH] HAOOPU HeUiMKUX NPASUI Md Peaiz308aH0 MemooO YHUKHEHHS KOHDAIKMI8 npu
KOOpOuHayii nogediHoK.bok KepysanHs WEUOKICIIO peanizoeye Oiibui mouHe [ WeUuoKe OO0CSACHeHHs yinel
WIXOM 3MEHIUEHHsL WBUOKOCME NPU HAOIUdICEHHT 00 nepeukoou abo yini ma 30i1beHHs. WeUOKOCHI 8 THUIOMY
sunaoky. bion. 10, mabn. 3, puc. 2.

Knrouosi cnosa: MobiTbHII pOOOTOTEXHIYHUI KOMIUIEKC,HEUITKA JIOTiKa, CEPEOBHIIE 1[0 CIIOCTEPIraeThes
YaCTKOBO, YIPABITiHHS Ha OCHOBI NIOBEJIIHOK.
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Hanuonanbusiii yuuBepceuteT “JIbBOBCKasi MOJHTEXHUKA™
CHUCTEMA YIIPABJIEHUSI HA OCHOBE HEUETKOM JIOTUKH 1J11 MOBUJIBHOT'O
POBOTOTEXHUYECKOI'O KOMILTEKCA B YACTUYHO HABJIFOJIAEMOM CPEJIE
Ilpeocmasnsemcs cucmema ynpasnenus Ha OCHOBE HeYemKOU J02UKU Ol OOCMUINCCHUA Yeell MOOUTbHbIM
PpobomomexHu4eckuM KOMNIEKCOM 8 YaCMU4HO Haboodaemoll cpede. bazosvle nosedenus 6 cucmeme ynpagienus
pacuupersvl OONOIHUMETbHbIMU NOGeOeHUAMU “‘08udCeHUe 8001b cmensl cnpasa’ u “08udiceHue 6001b CMeHbl
cresa’”’, Komopwvie OyOymb UCHONBL308aAMCs 011 00xo0a npensmcemeuil. /s Kaxncoozo u3 nosedeHuil u OJis
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Knrwouessle cosa: MOOWIbHBINA POOOTOTEXHUYECKHUI KOMIUIEKC, HEUETKAs JIOTMKa, YaCTHYHO HaOIoaaeMast
cpeja, MOBEACHYECKOe YIIpaBIeHHE.
Hapitina 15.04.2015
Received 15.04.2015

YK 62519

B.P. PAKHIIEB?, akan. HAH PK, 1-p Texu. Hayk, npod., A.A. KOMECBAEBA?, kaHi. TeXH. HayK, JIOIL.,
A.M. AYI30BA?, xanp. Texn. Hayk, A.E. KYTTBIBAEB?, xann. Texn. mayk
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2 AIMATHHCKHIi YHUBEPCHTET JHEPreTHKH U CBSI3H,

UHTEJLIEKTYAJIBHBIE CACTEMBI TEXHOJIOT' Ui B3PBIBHOH
HOAI'OTOBKH I'OPHBIX ITIOPO/1

Tloozomoera  evicokoksanupuyuposanHvix Kaopog 6 mexnuyeckux BY3ax 60ydem wnenonuou, ecau
obyuarowuecs (0akanagpsi, MasuCmpanmsl U OOKMOPAHMbL) He UMEIOM BO3MONICHOCIIU MECMUPO8amsb MOOeau
MEXHOI0UYECKUX U NPOU3BOOCHIBEHHBIX NPOYECCO8, MAK KAK OHU He 8 COCHOSIHUU ONpedenums CmpYKmypy u
napamempol OGHHBIX NPOYECCO8 NO KAHANAM YNPAGIEHUS U OYEHUMb YPABHEHUE B3AUMOCEA3U BXOOHLIX U
BbLIXOOHBIX KOOPOUHAM HATAOHO, 8 CEA3U C IMUM, MAKOU CNeYUATUCTL He MOICEM SPAMOTHO IKCHIYAMUPOBAMs
(vnpaeisms) QYHKYUOHUPYIOWUM NPOU3BOOCMEOM, d meM 0ojee c030a8amy U NPOEKMUPO8ams Hosvle OoJiee
agppexmusnvie mexnonrocuu u cucmemvl ynpaenenus umu. Cospemennvie SCADA — cucmemvt (SUpervisory
Control and Data Acquisition) — nossonsiom pazpabameieams upmyaibHvle MOOEU PA3TUUHOU CLONCHOCTU,
MAKCUMATLHO — NPUOIUIICEHHbIE K PeanbHbIM — MEXHON0SUHECKUM U NPOUIBOOCHIBEHHbIM — NPOYECCaM,
KOHMPOJIEpHOe YNpasieHue OAHHbIMU NPOYECCAMU, GUIVATUZAYUIO U BO3MOICHOCHIL MECMUPOBANb USMEHEHUS.
napamempog MexHONOSUHeCKO20 Npoyecca 6 pedcuMe peanbHo20 6pemMenu Ods  UCNOAb308AHU 8
COOMBEMCMBYIOWUX YUEOHBIX pabomax no NPOQUAUPYIOWUM OUCYUNTUHAM MEXHUYECKUX CneyudibHOCmerl
BY306. B oannoii cmamee paccmampueaemcs uccie008anue CL0ACHOCMPYKMYPHbIX OI0K08 8 YCI08UAX Kapbepa,
Ppazpabomxa npocpaAMMHO-MEXHUYECKUX KOMNILEKCO8 0I5l OnpedeneHus 6HympeHHel CImpyKmypul pa3edid nopoo
U UX 2OPHO-MEXHONOSUYECKUX XAPAKMEPUCTUK, NAPAMEMPO8 OYPOB3PBIBHBIX pabOm, SU3VAIU3AYUSL 8 PedCUME
PeanbHO20 8peMEHU MACCUBA NOPOO NPU PA3IUYHBIX NAPAMEMPAX 63pbléanus Ha ochose cospemennvlx SCADA —
cucmem.
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