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MODELING OF MOBILE ROBOT WITH OBSTACLE AVOIDANCE
USING FUZZY CONTROLLER

Abstract. This paper presents the modeling of a robot's navigation using ultrasonic sensors under uncertainty. The robot
tries to avoid obstacles by using the fuzzy logic controller to process the data coming from three ultrasonic sensors. To as-
sess the performance of fuzzy logic optimized robot navigation controller with ultrasonic sensors, which measure the dis-
tance by calculating the time spent on the object and its return, the obstacles are placed in front of, left, and right of the ro-
bot. Mamdani fuzzy reasoning system is used for the designed controller for its intuitive properties and fewer setting pa-
rameters which reduces the amount of time spent on the programming of the controller. 25 rules are considered to cover a
robot’s possible interactions with obstacles. For an easy understanding of navigation architecture and rapid algorithm im-
plementation, in this paper, a MATLAB simulation framework is developed. MATLAB/Simulink is one of the best simula-
tion tools required to design the architecture and verify algorithms with real-time constraints. Resultant models of the fuzzy
optimized controller demonstrate the superior performance of the fuzzy logic controller with high adaptability to the envi-
ronment while maintaining a sufficient level of accuracy. The designed fuzzy controller can be used in microproces-
sor/microcontroller-based robots owing to easiness in implementation and coding.
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Introduction

Mobile robot autonomous navigation is a
challenging task to implement. The present controllers
for mobile robots fail to deliver the desired control
performance because of the problems associated with
the tuning methods. Fuzzy controllers, on the other
hand, are capable of providing the required
performance. Therefore, it is necessary to build a
navigation architecture that includes modules with well-
defined and self-contained operations and design the
interactions between those modules.

Analysis of publications. Publication analysis is
necessary to assess the significance of the fuzzy
controlled robots with obstacle avoidance. A lot of
papers have been published on robot controllers for
efficient control. Star and Velocity-Obstacle Algorithms
are proposed in [1].

A sensor-based control system using a Q-learning
algorithm was proposed in [2]. This method utilizes a
learning-based controller that learns to create the
function between the sensory outputs and the system
variables. Q-Learning is the reinforcement learning
method selected to solve the obstacle avoidance
problem. Reinforcement Learning allows a mobile robot
to independently explore an optimal behavior through
trial-and-error methods with its outer environment.

Another method for obstruction avoidance for
mobile robots was suggested in [3]. In their technique,
the robot is capable of navigating through an uncertain
environment while passing by obstacles. Simulations
were implemented assuming the robot had tactile
sensors. Another method for obstacle avoidance Based
on Computer Path Planning was suggested in [4] using a
rapid and effective algorithm for obstacle avoidance. A
multi-sensor integration mechanism for mobile robot
navigation is proposed in [5]. A novel method for the
arithmetic mean-based decision-making system is
described in [6]. Recently, there is a growing interest in
fuzzy-controlled mobile robots [7-9].

Dynamic-Window Method (DWM) [10] converts
the environmental data in the classical Cartesian
coordinate system into linear and angular velocities as
references, computes the weighted sum of distances,
and avoids the placed obstacles by selecting the
objective function’s largest value.

The Expanded Guide Circle (EGC) method [11] is
an algorithm that adjusts the operator's control input to
avoid collisions. Although it is a method intended for
boosting the safety of remote operations, there are two
issues which are 1) a control input toward obstacles
existing under several specific conditions, and 2) a zig-
zag action along a hallway. The Dual-EGC algorithm is
expanded around these two intersections [12].

Another famous method is obstacle avoidance with
a vision which was proposed in [13-18]. LiDAR-based
approaches are also used in mobile robots [19-20].
These methods extract spatial data from laser point-
cloud with segmentation and clustering approaches.

Although the aforementioned methods are
effective for better control performance, the increased
complexity of these algorithms makes them unsuitable
for microcontroller-based applications.

Purpose and problem statement. The purpose of
the work is to model and simulate a fuzzy controller by
developing its rule-table, linguistic variables, and input-
output variables.

Simulation of a robot's navigation s
in a MATLAB environment under uncertainty

Let's look at a simulation of a robot's navigation in
a MATLAB environment. Let's determine the relation-
ship between the input and output parameters in the
microcontroller built on the fuzzy logic system in these
robots. The robot tries to avoid obstacles with fuzzy
logic. Obstacles are placed in front of, left, and right of
the robot. It measures the distance by calculating the
time spent on the object and its return.

There is an output quantity corresponding to this
distance. The sum of all outputs is visible at the end,
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aggregation is performed. The previous or conditional
block of the rule begins with the expression IF, and the
result or result block begins with the expression THEN.
The value assigned to the resultant block is equal to the
logical product of the activation values of the previous
membership functions that characterize the boundaries
of the fuzzy sets. The activation value is equal to the
value of the membership function where the input vari-
able intersects at the time of evaluation.

A diffusion operation is performed to convert
fuzzy values represented by logical products and se-
quential membership functions into a stable and accu-
rate result. De-fusion can be done in several ways.

Most applications perform mass center or fuzzy
centroid calculations in a fuzzy set. The distance is left,
the distance is forward, the distance is right, and the
output speed and the direction of rotation are shown.

In MATLAB we can show the general interface of
the fuzzy controller as follows. controller to determine

the speed and rotation angle of the robots by activating
corresponding robots.

Fig. 1 illustrates the inputs and outputs of the
designed controller. As is seen from the graph the data
received from the front, right, and left sensors provide
data on the distance from corresponding obstacles.
According to these data, the controller calculates the
speed and rotation angle of the robot to avoid the
obstacle. Fig.2 depicts input variable (distance_
forward) fuzzification which determines the distance
between the front sensor and the obstacle in front of the
robot. The same procedure is carried out for the other
two input variables with the same settings.

The following Fig.3 is a set of rules for the
dependencies between the most common IF-THEN
fuzzy sets in software computing technologies. These
rules, according to the data coming from ultrasonic
sensors, determine the activation of motors for speed
and rotation angle control.
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Fig. 1. Fuzzy Logic Toolbox editor
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18 If (Distance_LEFT is Forward

_ If (Distance_LEFT is Close) and (Distance_Forward is Close) and (Distance_Right is Close) then (Speed is Low)(Rotation_Angle is Right) (1)

_ If (Distance_LEFT is Close) and (Distance_Forward is Close) and (Distance_Right is FAR) then (Speed is Low)(Rotation_Angle is Right) (1)

If (Distance_LEFT is Close) and (Distance_Forward is Medium) and (Distance_Right is Medium) then (Speed is Low){Rotation_Angle is Half-Right) (1)

Forward is Medium) and (Distance_Right is FAR) then (Speed is Low)(Rotation_Angle is Half-Right) (1)

LEFT is Close) and (Distance_Forward is FAR) and (Distance_Right is Medium) then (Speed is Low)({Rotation_Angle is Half-Right) (1)

_ If (Distance_LEFT is Close) and (Distance_Forward is FAR) and (Distance_Right is FAR) then (Speed is Low)(Rotation_Angle is Half-Right) (1)

_ If (Distance_LEFT is Medium) and (Distance_Forward is Close) and (Distance_Right is Close) then (Speed is Low)(Rotation_Angle is Left) (1)

_ If (Distance_LEFT is Medium) and (Distance_Forward is Close) and (Distance_Right is Medium) then (Speed is Low){Rotation_Angle is Left) (1)

_If (Distance_LEFT is Medium) and (Distance_Forward is Close) and (Distance_Right is FAR) then (Speed is Low){Rotation_Angle is Right) (1)

10. If (Distance_LEFT is Medium) and (Distance_Forward is Medium) and (Distance_Right is Close) then (Speed is Low){Rotation_Angle is Left) (1)

and (Distance_Forward is Medium) and (Distance_Right is Medium) then (Speed is Low)(Rotation_Angle is Half-Left) (1)
(Distance_Forward is Medium) and (Distance_Right is FAR) then (Speed is Low)(Rotation_Angle is Half-Right) (1)
(Distance_Forward is FAR) and (Distance_Right is Close) then (Speed is Low){Rotation_Angle is Left) (1)
(Distance_Forward is FAR) and (Distance_Right is Medium) then (Speed is Low){Rotation_Angle is Half-Left) (1)
(Distance_Forward is FAR) and (Distance_Right is FAR) then (Speed is Low)(Rotation_Angle is Right) (1)
(Distance_Forward is Close) and (Distance_Right is Close) then (Speed is Low)(Rotation_Angle is Left) (1)
(Distance_Forward is Close) and (Distance_Right is Medium) then (Speed is Low)(Rotation_Angle is Left) (1)
(Distance_Forward is Close) and (Distance_Right is FAR) then (Speed is Low){Rotation_Angle is Left) (1)

19. If (Distance_LEFT is Forward) and (Distance_Forward is Medium) and (Distance_Rlight is Close) then (Speed is Low){Rotation_Angle is Left) (1)

20. If (Distance_LEFT is Forward) and (Distance_Forward is Medium) and (Distance_Right is Medium) then (Speed is Low){Rotation_Angle is Half-Left) (1)

21. If (Distance_LEFT is Forward) and (Distance_Forward is Medium) and (Distance_Right is FAR) then (Speed is Low){Rotation_Angle is Half-Left) (1)

22_If (Distance_LEFT is Forward) and (Distance_Forward is FAR) and (Distance_Right is Close) then (Speed is Low){Rotation_Angle is Left) (1)

23. If (Distance_LEFT is Forward) and (Distance_Forward is FAR) and (Distance_Right is Medium) then (Speed is Low)(Rotation_Angle is Half-Left) (1)

24_ If (Distance LEFT is Forward) and (Distance_Forward is FAR) and (Distance_Right is FAR) then {Speed is High)(Rotation_Angle is Forward) (1)

25 If (Distance_LEFT is Medium) and (Distance_Forward is FAR) and (Distance_Right is Medium) then (Speed is Medium){Rotation_Angle is Half-Left) (1)

Fig. 3. Dependencies between fuzzy sets in the most common IF-THEN fuzzy relationships in software computing technologies
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25 rules have been constructed for the fuzzy rule
table.

Fig. 4 shows the rotation degrees ranging from -90
to +90 degrees, with -90 representing leftmost, -45 for
half-left, 0 forward, +45 for half-right, and +90 for
rightmost direction in a non-fuzzy/ crisp system.

0

90 = * 90

Fig. 4. Rotation angles

Two output variables (speed and rotation angle)
are assumed. Their corresponding fuzzification process
is described in Fig. 5 and Fig. 6, respectively. Triangle
type membership function for each linguistic variable is
considered because of its simplicity and easiness in im-

assigned for output rotation angles. In Fig. 6 and Table
2, three linguistic variables (Low, Medium, and High)

are defined for the output speed of the robot.

Table 1 — Fuzzy Linguistic variables for rotation angles

Linguistic Variable Rotation degrees
Left -90 to -87
Half-Left -90to 0
Forward -45 to 45
Half-Right 01090
Right 75t0 90

Table 2 — Fuzzy Linguistic variables for rotation angles

Linguistic Variable Speed
Low 0t00.2m/s
Medium 0.1t0 0.7 m/s
High 0.6to1m/s

The purpose of the inclusion of output quantity
“speed”” is to decrease the speed when the distance

decreases between the robot and the obstacle to avoid
the obstacle.

plementation. In Fig. 5 and Table 1, five linguistic vari-
ables (Left, Half-Left, Forward, Half-Right, Right) are
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Simulation Results

Activation of rules is depicted in Fig. 7, whereas
simulation results are shown in Fig. 8.

For example, if the distance between the front and
left sensor of the robot and the obstacle is small, while
that is far from the right sensor, then the sensor rotates
to the right. Furthermore, speed also changes depending
on the distance between the obstacle and the sensor. If

controller optimized controller has successfully man-
aged to avoid obstacles placed in various directions.

10.

11.
12.

13.

i ® ' the distance decreases, then speed must also decrease
180 [ q - L) . proportionately for a smooth stop action.
160} = | Conclusions
L ® @, i In this paper, the fuzzy control approach has been
120L | _ considered to model the robot with an obstacle avoid-
ance control system based on three ultrasonic wave sen-
1001 [ 1 sors under unknown situations. In the model, 25 fuzzy
a0l ® ® - rules of three inputs apd two outputs are designed for
ol ® | the fuzzy controller with all inputs described by three
= linguistic variables. Rotation angles are defined with
40t . - seven states for the movement.
-l u | Simulations present that this method can efficient-
ly realize autonomous obstacle avoidance in an un-
i e T knovyn environment. A robot can c_h_ange its speed and
rotation angle depending on the position of obstacles.

Fig. 8. Obstacle avoidance by a fuzzy robot Furthermore, resultant models of the fuzzy opti-
mized controller demonstrate the superior performance
of the fuzzy controller with high adaptability to the en-
vironment while maintaining a sufficient level of accu-

racy.

As is seen from the result, a robot using a fuzzy
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MopeaoBaHHs MOOLILHOrO po0oTa 3 BUOIroM nepenikos 3 BUKOPUCTAHHSAM HE4iTKOI0 KOHTPOJIepa
M. A. Xynasepuiea

AHoTanisi. V wiif ctarTi HaBeZIGHO MOJICNIOBAHHS HaBirauii po0oTa 3 BUKOPUCTAHHIM yJIbTPa3BYKOBHX JAaTUYUKIB B YMO-
BaX HEBHM3HAUCHOCTi. POOOT HamMaraeTbCs YHUKHYTH IMEPELIKO/, BUKOPHCTOBYIOUH KOHTPOJIEP HEWIiTKOI JIOTIKM JUlsi 00poOKH
JTAaHWX, 110 HaOXOIATh BiJ TPHOX yJIBTPa3BYKOBHUX NATUYHKiB. [ OLIHKK MPOAYKTHBHOCTI ONTHMI30BaHOT'O HAa OCHOBI HEWiTKOL
JIOTiKM HaBIralifHOro KOHTpoJiepa podoTa 3 yIbTPa3ByKOBHMH AaTYNKAMH, SIKi BUMIPIOIOTH BiICTaHb, OOUMCIIOIYN Yac 3HAXO-
JOKEHHS 00'€KTa 1 HOTO TOBEpHEHHS, NMEPEIKOAN PO3MILIYIOTh MONepeny, JiBOPYY 1 mpaBopyd Bix pobdora. CucTeMa HEYITKHX
MipkyBaHb MAMJIAHI BUKOpHCTOBYETHCS sl pO3pOOIICHOTO KOHTpOJIEpa Yepe3 HOoro iHTYITUBHO 3p03yMilli BIACTHBOCTI 1 Me-
HIIY KiJBKICTh MapaMeTpiB HalalITYBaHHS, [0 CKOPOYYE Yac, [0 BUTPAYaEThCs HAa MPOrpaMyBaHHS KOHTpojepa. Baxkaerncs,
o 25 mpaBmII OXOIUTIOIOTH MOKJIMBY B3a€MOZII0 po0OTa 3 mepenikopamu. J[jis JIerkoro po3yMiHHS apXiTeKTypH HaBiramii Ta
MIBHJIKOT peaiizalii aropuTMy y Iiil crarTti po3pobieHo cepenouiie MoaemoBanasi MATLAB. MATLAB/Simulink - oauu 3
KpaIlUX {HCTPYMEHTIB MOJGIIOBAHHS, HEOOXiJHUX AJIsI TPOCKTYBAHHS apXiTEKTypH Ta MEPeBipKH alrOPUTMIB 3 OOMEKEHHIMH B
peanbHOMy 4aci. Pe3ynpTyroui Mozeni HE4iTKOro ONTHMI30BAaHOTO KOHTpOJiepa JEMOHCTPYIOTh 4yIOBY HMPOAYKTUBHICTh HEiT-
KOTO JIOTIYHOTO KOHTpOJIEpa 3 BUCOKOIO aJJallTOBAHICTIO O HABKOJIMIIHBOTO CEPEIOBHINA MPU 30€pEkKEHH] TOCTaTHHOTO PiBHSA
TOYHOCTI. Po3pobnenuil HewiTkuii KOHTpOIEep MOke OyTH BUKOPHCTaHUH y poOoTax Ha 0a3i MiKpompoIrecopa/MiKpOKOHTpOIepa
3aBJISIKK TPOCTOTI peaizallii Ta KOyBaHHS.

Knw4yoBi cjoBa: HeuiTKuil KOHTPOJEp; HaBiraiis pobora; nar4yuk; cepenosuiie MATLAB.

MopaenupoBanue MOOMJIBHOIO po60Ta ¢ M30eraHueM NMPensiTCTBUIA ¢ HCMOJIb30BAHHEM HEe4eTKOro KOHTPoJLIepa
M. A. Xynasepauena

AHHOTauus. B crarbe NpencTaBIeHO MOJCIMPOBAHKUE HABUTAIMH pOOOTa C MCIONB30BAaHHEM YIBTPa3BYKOBBIX JIaT4H-
KOB B YCJIOBUSIX HEOIpeeTIeHHOCTH. POOOT mbITaeTcst M30€Xarh MPersiTCTBUIH, HCIIONB3YsI KOHTPOJUIEp HEYETKOH JIOTUKH Tl 00pa-
OOTKM JaHHBIX, MOCTYIAIONIMX OT TPEX YJIBTPA3BYKOBBIX AATYUKOB. /IS OLEHKH MPOHM3BOAWTENLHOCTH ONTHMH3HPOBAaHHOTO Ha
OCHOBE HEUYETKOI JIOTHKH HaBUI'AI[MOHHOTO KOHTPOJUIEpa podOoTa C yIbTPa3BYKOBBIMU JaTUMKaMHU, KOTOPBIC H3MEPSIIOT PacCTOSHHME,
BBIUKCIISIS BpeMsT HaXO)K/ICHUs 00BEKTa U €ro BO3BPALlCHHsI, MIPEMATCTBUS Pa3MEILaloT BIEPE/IH, CIeBa U crpasa ot podoTa. Cucre-
Ma HeueTkHux paccyxaennii MAMJIAHU ucnone3yercs mis pa3paOOTaHHOTO KOHTPOJUIEpA M3-32 €r0 MHTYHTHBHO ITOHSTHBIX
CBOMCTB W MEHBIIEr0 KOJIMYECTBA I1apaMETPOB HACTPOWKH, YTO COKPAIAeT BpeMs, 3aTpaurBaeMoe Ha MPOrpaMMUPOBAHHE KOH-
Tpomtepa. Cuuraercs, 4To 25 MpaBUII OXBATHIBAIOT BO3MOXKHBIE B3aMMOJIEHCTBHS pOOOTa ¢ MPEMSTCTBUAMU. JIJIs JIerKoro MoHuMa-
HUSL apXUTEKTYphl HABUTalUy 1 OBICTPOIl peann3amyy alropuTMa B 3TOH cTaThe paspaborana cpena Moxenuposanus MATLAB.
MATLAB/Simulink — oauH U3 Iyymmx HHCTPYMEHTOB MO/ICIHPOBAHHS, HEOOXOAMMBIX ISl TPOCKTHPOBAHHS APXUTEKTYPHI H
MPOBEPKU AITOPUTMOB C OTPAaHUYCHHUSIMU B PEalbHOM BpeMEHH. Pe3ynbTHpyoIiie MOJeNy HEYeTKOro ONTHMH3UPOBAHHOTO KOH-
TpoJUIepa AEMOHCTPUPYIOT NMPEBOCXOIHYIO IIPOU3BOUTEIBHOCTD HEYETKOTO JIOTHYECKOr0 KOHTPOJLIEpa ¢ BBICOKOM aJanTHpyeMo-
CTBIO K OKPY’XKAIOLIeH cpele MPHU COXPAaHEHWH JOCTATOYHOrO YPOBHS TOYHOCTH. Pa3paboTaHHbIH HEYETKHIl KOHTPOJIED MOXKET
OBITH HCTIONTB30BaH B poO0Tax Ha 6a3e MUKPOIPOLIECCOPa/MUKPOKOHTpOJLIEpa Oiaroaaps MpocTOTe pealn3alii U KOTUPOBAHHSL.

KawueBble clloBa: HEUSTKUIT KOHTpOILIEp; HaBUranus podora; natumk; cpena MATLAB.
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