Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 53(2) (2021) 237-240
DOI: 10.22060/me;j.2019.16409.6362

Path Design and Control of a Moving Social Robot in an Environment with Moving
Obstacles in Order to Reach a Moving Target through Fuzzy Control
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ABSTRACT: In this paper, the main objective is to design a fuzzy control system for path planning
and controlling a moving robot in a social environment with obstacles. The proposed control algorithm
establishes an appropriate path to reach the target without collision with obstacles by receiving the target
position frequently. When the obstacles examined, it is assumed that fixed and moving obstacles have
existed in the environment. Moreover, the robot movements are adjusted in such a way that they do not
cause fear or change in human behavior. The fuzzy system used in the paper has four inputs (distance
between obstacle and robot, the relative angle of the obstacle, the rate of the obstacle approaching the
robot, and relative angle of the target), and two outputs (linear velocity and angles of the robot base).
The suggested robotic system is examined in different states by considering diverse motions of obstacles
and targets. Furthermore, the designed control system is implemented on the laboratory robot to validate
the proposed method. In addition to the design of a graphical user interface, some changes have also
been made to the function of its mechatronics system. Finally, the results obtained from simulation and
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laboratory systems are evaluated and compared.

Graphical user interface

1. INTRODUCTION

The robot in social robotics is used as an aid to people
in accomplishing their living affairs and as a smart tool to
help educate, treat, and provide social services in public
and recreational places. One of the prerequisites for the
presence of a robot in the community is its ability to route
and navigate without causing disturbance to people present
in the environment and without collision with the fixed and
moving obstacles. The mobile robot can be used in the case
which is used as a leader in public environments with social
predefined duties.

Mandava et al. [1] provided a potential field-based
algorithm for path planning and controlling robots with
nonholonomic constraints in the presence of fixed obstacles.
Korayem et al. [2] dealt with mathematical modeling and
optimal path planning for a moving robot, which used an
open-loop controller to track the path. Akka and Khaber [3]
applied the Takagi-Sugeno fuzzy model to obtain an optimal
path with no collision with obstacles. Azzabi and Nouri [4]
used a smart potential field for path planning and avoidance
of collisions with obstacles. Hu and Yang [5] used the genetic
algorithm and optimized robot path planning in the presence
of moving obstacles.

In this paper, a fuzzy logic-based and potential field
control method designed for path planning and controlling
the robot’s motions in a dynamic social environment. This
situation includes fixed and moving obstacles, including
humans, which is assumed in the experimental and simulation
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conditions. The proposed method for controlling the robot
motions is composed of decisions making based on human
logic; that is, the use of qualitative values. Moreover, the
kinematic model used for simulating and controlling the
robot based on the acceleration computations significantly.
The main innovation of the paper is how to select inputs and
outputs of fuzzy logic, as well as the use of fuzzy rules to
move the robot in the vicinity of obstacles as the same of
human motor behavior.

2. HYPOTHESES OF THE PROBLEM AND SOLVING
METHODS

In the problem raised, a list of different states, which may
be a robot face with, has been provided and given to people
as a questionnaire. For each state, the most frequent response
is chosen as the fuzzy rule. Then, for each predicted state,
a solution is chosen according to the conditions. Finally,
the path and favorable kinetic parameters are established.
Subsequently, the required control commands are generated
by solving the kinematic or inverse dynamics of the robot
in order to achieve optimal parameters. After administering
initial laboratory tests and measuring the robustness of the
created control logic, a final decision is made on how the
robot model should be accurate, and what parameters and
errors can be ignored.

A questionnaire containing different states, which a person
may face, is prepared without referring to the fact that the
questionnaire is to be used to control the robot. Then, we ask
people to imagine themselves under conditions defined in the
questionnaire and choose what decisions they will be made
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Fig. 1. Schematic of a two-wheeled differential moving robot

and target position on the inertia coordinate system.

under each condition. Ultimately, any decision that has the
highest response in the questionnaire is chosen as the fuzzy
rule. The fuzzy rules base is composed of a set of if-then
fuzzy rules. This part is considered as the heart of a fuzzy
system that includes the following rules:

The rules are as follows:

IF

X, is A AND ...

THEN

Y, isC AND...Y is C,

Consider the robot in Fig. 1 that can move in the XY
Cartesian system. The angle between the axis connected to
the robot (x ) around the reference coordinate system (x )
is called the vertex angle €. Moreover, the angle between X ,
and the vector connecting the center of gravity of the robot to
the position is called target o . With regard to the nature of
the motion of a two-wheeled differential moving robot with a
two-wheel drive, the linear speed of the robot is in line with
X, . Therefore, the linear velocities and robot rotation are
equal to:

X isA

@, + o :
v=—"—>=2r=V, cosO+V, sind

(1)
w, —w,
——= U= wot
2 (2)

00 =

3. IMPLEMENTATION OF THE SCOUT ROBOT
HARDWARE AND TEST ENVIRONMENT

This section aims to provide activities for the
implementation of the Scout robot hardware and laboratory
environment. Therefore, the basic elements of the Scout
robot, including drives, hardware modules, and control
board used in this study will be examined. Moreover, the
laboratory environment and arrangement of the obstacles will
be examined. Fig. 2 depicts the hardware diagrams used in
this robot.

4. EXPERIMENTAL RESULTS
in order to evaluate the designed controller performance
in situations where the target position is variable, a
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Fig. 2. A chart of the robot control with MATLAB software.
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Fig. 3. Results of practical testing and simulation of robot path
planning in the presence of a moving obstacle and reaching the
moving target under initial conditions of 6 = 90°

simulation was performed in the presence of a moving
obstacle, assuming that the target position is varied. Fig. 3
demonstrates this simulation results. According to the Figure,
the robot successfully crossed the obstacle. Moreover, the
navigated path pattern is the same as the simulated path, and
the only difference is in the end section of the path and time
of reaching the target.

5. CONCLUSION

This paper provided the control algorithm of a moving
robot with regard to the obstacles in both moving and
fixed modes in the case where its control target varies
with time. In this case, the plan is in such way that if the
environment, in which the robot moves, is dynamic and
the obstacles have the same human performance, the robot
slows down to 65% of the maximum allowed speed, would
adjust its motion in an environment with 800 mm radius in
order to prevent collision and create fear. According to the
changes in the position of the target over time and in the
presence of obstacles, the used fuzzy algorithm has been
defined in a manner that its motion is fast and is adjusted
in the shortest possible direction. In order to investigate the
results and the obtained control algorithm, a moving robot
was implemented. Experiments revealed that a robot at a
distance of 800 mm to the center of the obstacles decreases
its speed to a maximum of 35%.
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Fig. 1. Schematic of a simple social environment with human presence as moving obstacles
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Fig. 2. Three-degree-of-freedom robot model with differential wheels on the horizontal plane

8l amio o ol F g0 b b,y golil ax e aw Jow Y JSCi

Loy, L ob, (b o Jys anld 1 sl oo (6 u503l0sl LB
Db o 12l BB eS Slasle pa> g 00l

e s ;5 656 1S sla Shs V-V

s 85 ilie glacdls ) Cand 5y o b alias 4o
@ Al o B 0 5 oad sbwl sl ol (g9 ol
Olsieds Zewly 3 1SS 5 (Il o gl g 9eh oo 00l (g0l 3
Gl el polae WS o (atine 45 00,5 o il (631 oucld
S ln e 8 65 Glrosgase 4z )3 polae
e go ] Lyl 5 b celitio Lol oid _im i slocidls
5 Bgdos obml Collas (Seitiw layell 5 e Coles o
iy a5 i 3,50 LS (Slaplesd el upSnn sl
Yeslie ol iz g adsl (RLesl glaces gl 5l ey
SpS o Dyge 2l S pSpeeal oadolnl (JyuS shie o9
3l a2 3y 5l Gk by Jan ol o3 ik 4 o5
2, @l 45 olacdls 5l sohiss 5,5 i o ol ce olallas
Y S R e

A i oo gp ol 5 R alols s a5 il (i

sy

1 Robust

a1

Olygs sooe S 50 B 7y alols b Tz g R, ol s
by Cwly 5w slagr Sy sl @y, 0, 5 L)
20 0l Cepn (im0 4 bl sbee o hod b ailbs

L: w‘f‘).) XI’YI LS...J,..:‘ oli'l.woj XRﬂYR ‘Sbmo&.w\)

_l_
Ve, =V, = (—wR Oy jRW )
f 2
Vy, =0 )
Vy =Vy cos0-V, sin0
o
= (Mj R, cos@ ©
2
Vy =Vy sin@+V, cosf
*)

= (MJR sin @
2 w

o ials deolSis ol Gl 5 g 5l eslinul s
0,0,,0, yshi av sy ble,w a5 055 o cvnlin

ul.') ) O 9w (.SLQ)W .‘a‘uy dw Brd as JJQ;GA c\.....ul.’)bo



—

o

Spts
; ch Okt
e |

mun

V¥ L AaY asan NP JL‘“ Al o)Lo.w HY 0)9d ‘)‘S)ﬁﬁl ;i:.;&n L;\»._\.\.Q(a 4.1).»..:

3 B L o
La; g5 4 51
b sty AL

Fig. 3. Steps to control the robot from measuring to sensors to moving motors

LS e ;0 &8 > obu| B b yguis o (5 5 03ll 51 by S ol e iV S0

Syl (o) g Alie Ll s o (giluand 6l2 T o9l plox]
Sz ol L8, a5 Wed e Sl GlaisS e Gh <l by
sl s 1y ol s ge s

Sy b, b5 o b asl bl o8 o 4 acs b, Jks, v
ool g 00 ooyt BB by 6,15 slad oyl slaplul
5 O 3l Sl

g 5 2l a5 BMaol bl glbjs
ey PBlos @y gladax]

2l A Sl (53,51 Bpan g bl olisS 0ad (o pns Y

O &S alize glacdle Jolds (glaolicin p angs b colys o
cnl ol 3 Sl 4 o)lal ygn abl dzlge ()T L 0 S5 el
3l g oo angd w0 S 158 eolitul 5 j90 Dby J5S (sl aebi i
S8 Al ey 50 0ad lgxe Loyl i o 1) 095 oull aulgs ol 3
K\ E BUPVOW-L I E USRS JI1 U VRV SR SRS g S PRI
2l Aali s & Gl (s o5 (o 55 Lules i on
23,5 oo Sl (658 0acl lgica

S5 oSl 3,50 oaLS SIS lyiear (8 e 555y
otz 5| (S 05 e BT (5 0aiiS J 1S ()] 4 0,05 o0
3 aeled oL el (3B aelgd L (g3l J s Lol
b s ol el eas JSis 56 oS- 5T selgd acgoe

ol ) O ygods gaelsd bl a5 098 o Cguie (551w

aqy

S5l Sl S gl ay sl 5 330 al 52
5 Ol Ol dagly 4 a5 358 o0 odlitul (egran Jonily plose
NGV LW PRE-RVY

Syl )18 wile G osgase o Ol aS b (o

CS > Chz 5 S8 o wgrd Cprge Sl oY Il o
ools awseid Ol poodd ceal (&S5 > b g dlwsas &b
90 Olo® eglya b 0)95 5l oliizl 4y Loy o (6518 Blate b g 090
Bao Zeows 4 Bl Colad (izmes 9995 5l 6T ol 610 5L
5 2] ol e 51 Bl 55 L

sy oo o535 &y 0l a8 2l (2

Slewlrs 5 (Fgolp lojguins b Cnl o3V S cnl 5o
Ol a5 09l adrie g odd (5 pSojlul olF )35 ailas ( pwaie
g 3561 6,553 manatl Censl p3Y b 5 WS 5es Wl oo

S5 e gl b (oiile b g )l & o, (0

WDgd oo axlge Iy adato mhaw b aile b Ol a5 (69,090 40
3l p3Y aS 5 )ls 3529 e ;0 (hle0 b ls sezg > g0
b g ansl eadateie b lp lapgiw 5 bjles Cosdee iy
ol yo a0y je0 BB cwl Sew a5 sl W mibe
29d @) aile wley Jlatie Bb; Cul p3¥ &5

oAt 090 3 (59 @l (IS Sldge (b pasive Iy
Siloaned al>yo ;o s g oajl S8 @y il IS (nl 0580



VoVF B AAY asas ¥ JL» & A)Louf) oY 0)9d s).us).wl A_guu‘s.a (edigee Ayl

Fig. 4. Schematic of a social environment with the presence of target robots, fixed and moving obstacle

Syie g ol @lge (Bas Db,y jeam b slaz] o SO Sleds o F S

- !
‘Il/ [
Fig. 5. The status of the distance sensors in different barrier conditions

&lae 65518 alizes byl i o miwalold Gl g Condg 1O JSCb

g 5 Sl CS > o 10 Bud G 4 O, &5 K
)97 2 3l SFel Sy im0 asdS 093 ol p ol (Ao
S o e Sek e b 2L

g 31 000l oty SleMbl wlul 5 2351y (551 il
b 5 Ok G ooed ool S g Sl 0ad o3 esb
Gl Joo @ 5ls pae gy (ol )3 e 5 0980 (b))
] 58 STy oS 55 iz i Sl 5 o L
Loyss 5l Lozl al s o YU (6 S el 5 (225T5 obsS o)
WS o o w08 alge

Sl Bl SlSe il g alie Lylyd 28,5 L o L
O Glaizs s 5 isos)s 5 ead Dbl sligSa &by, s
il pj b 4

Syglre 50 miwdlold glojguin gous lade 1 604;9

isY AND ....X is A THEN is 4 Rule i: IF X
AND ... Y isC C

oled T s jo 1y ol (JpuS aslp plgiee aods joboay
rrlionns o 5 i 163959 g oo odnlice 4 joblen L0ls
oad JyuS jlegsl idu o)ly g ead 6 pSojlul bajguin ]
Sy shhie slagled gluinl Hoise )3 Gilupeea 51 s
ly S 55 4 Sy Sz sln gl 5 0ad s il
5 gl usSae Siilosmw 5l ookl b aslol jo 00 5 o Jlu)
by sl mme (JyuS Gl g 5y polie by (pwaia L)
sl 53 e &yt ole 1 Koo 58S e Jlael 5 s
S9zge SIS slasdgys bl 2 ST (b Y

Lol Lolss #2908 Ol SGllde cpl jo colaivls ge b,

A



VoVF B AAY doio AF e Lo oY o)lad DY 0,93 S yual SlSo owodigen & il

by JysS 0 bpawalold s -f-Y

Cond j0 Ogolyd miwalold jguiw aw lhls alsul ol
sanlice |y o]l (65,18 oo O IS y0 a5 conl @b, (ol
oolatwl by b wilge alols aseis glp g cpl 5l 0iS o
Coarbyn 5 Sy gursin Ly, Sl ooliial b o5 o raipmd 35550
(Blyo &S > Cee e il 5 F0ke Sl 4 da gt ad
w9 by S b glo (oo gl lo 4 Sl Gad Sooz £

Ol Al o ends soliiw! o jguiw JliSle @ azgi b
dgaze gl oo Bl miwalold e guin I aST Sledlbl
U1, S zlosl ouims pulSal pus alold a5 009y sue 4w 4
S Sy32yd ddjgmins (nl 51 e 0 oo (650l gt
Qa5 o Gioled 1y e gOle Yo v sae 0 K5 )18 o] blie o
bzl anl b g5l Jld gl ob, b sle alols Jslas a5 ol
33 bl g (nl 5l oolitul oad i85 S5 0 e ¥ 3595
Al sl Sl Wilgs o e Y

b )i p3lie 5l e ©)900 @lo (oo Coxdge (ot
@ loyguin 5l oasliamsay sae ¥ (has (glp 5 0053 5yl
55 ) 3 ol Sl ol L ile (g gl 5 4ol
b aS (g7 ol 4y ool eolisil b cul sl 58 oo S
4 (6 S s 00el8 V7 ccalidee Sl V7 (385 S 0 5 (6349
o 79> g 03503 iy 098 oo 03l grdgs Asll 3 &S (90
sy Vs a5 oS j5bolan 1095 o a5 (oo alold 5wl
For g FO- chlie slocuadse o ol sl (Sso miwalold
ool oaias 3 o by X e sliul) 4 Cond 4z
WS g pSoslail ) wile b 0g5 alold Wl oo g 51 SO p»
> Awd A )0 0uld (6,503l slealold sanaiws o8 L
bug g8l gl 2 Sl (23 L g 490 (et 9 S0y Seop
30 0 yeaie |y Sl V8 g oo il comlin LB i 4o
AaS oo oalin 1) See 2>V Sl £ D IS

sl odad Slaitee oKiws jo by 4 Cans @le Condse
odd By Cl> VF 1SS e sl el aygly g alols el )l g0
alols yolie ol Cud @ilo Comdge 4 alols 5 a5l) S (g oo

& o Iy asqly ﬁoLB.oﬁkSia)’J‘st_&j‘_ilo}J 90 Alwd duw 4 )

a4

gniagsiyn sgmios ) 6 SIS Sk (o Slatis o
el Lasme 15 oaiirnd iy 5l Sl @lge Cadse

by sz (Fhed S a2 g >

Ol Cumdge o) Slaiie olliws )3 (gomgs aline S 0
ool Liulad 70 L wilge Comdse g B L Bun Cosdge <4 L
R.O,a, 3,9 5l Sl alins sla el plo 05l oo
Al wlo b by s alols = 77
pli @lo b oy (oo gl 200,
Banl S,y oo argly 1 X
Basl @b, oo alols : R
GlL b w526,

olad codls asrie A B> L aS K508 Lubatn F SKG j0
Coli Bun sles onds asie B > b a8 (K55 IS5 5 0L,
ol @lge oled Ky S JIS] izran aiten S 2 b
Sy g S oS Wl S e @l oled Sy0 )5 JBA
oly Laso )l Jsb .ol sud jasein Jloy Sy b o] oS >
035 Bud g Ol ol alold el sul ools s R L aS B, A4
Sjlwse ly Bam 5 Dby g dggly Dy gz Jlop b T sl 5
-Gl odloals yisles AL aS

Seo5 5 S oo SOl 6 S meeal j3 45 6500 Sl
@i 0 S i @lye a5 ol ool o wlo 4 ol Gas
518 3 bl b Jelas o elazal @l g wiload (o8 ol
Lol 9,55 » Jletol als ez syl plgear jally ool 5]
Gl o ol o8 > 4 slezel Lo ial3dl g Lames o 5l o3l
S e G155 02 2oy el 5,158 5 0525 355 gn oolitl (5
bl onl ke b ()] 28 o sy ile o0g0mme 4y S 0950 L

S0, uSe alal,
HQH=|V,~—VR| )
l;. QT L Q..\,.'L J;of 9 639 QLMJl uS.' Ql.g) RV Opie

Slp sl cpl 5 098 o Gl sl us slowl el by ce ps

9l oo ooliiul pd Bus 4y ol S0 g0

1 IMU



Vo VY B AAY axiws NP JL» Al b)Lo.afS LY 0,93 ‘)J)ml t_g.u‘s.n Lsu:,\...g(a :b).u.u

- \
/ V. T~ \

lo " Mo, 4 \
[ \ \
l =) | :
\ \ / }

-~ -

Fig. 6. Barriers to privacy
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Fig. 7. Schematic design of a mobile robot with differential wheels and target position in inertia
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Table 2. The geometrical parameters considered in the simulation

o Slwad | ped Gilwand | sl ileand e sl el

2 2 -2 Xz (m)

0 0 0 e | 7 Tﬁ%

0 0 0 6r (Rad) u')
2/5 2/5 2/5 X717 (m) adsl CoaSge
-2 -2 -2 Yr; (m) XV
2/5 2/5 2/5 Xr2 (m) sl Sosdye
-012 -2 -2 Y12 (m) e

-1 -1 -1 Xor,1 (m) adgl Cundge

0 0 0 Yor,1 (m) Jsl &le
-1 -1 -1 Xoi,2 (m) el Cuxdge
-0/4 -0/3 0 Yo1.2 (m) Jol &le
~1/5 -1/5 -1/5 Xo2,1 (m) adgl CoaBgo
-1 -1 -1 Yoz, (m) oo Ble
-1/5 -1/5 -1/5 X022 (m) sl Cusdge
~0/1 013 -1 Y02, (m) po &lo
1/3 12 112 Xos,1 (m) Blo Condso
-1/2 -12 -1/4 Yo3 1 (m) s
-0/3 -0/3 -0/3 Xo4,1 (m) Sle CuaBge
-1/8 -1/8 -1/8 Yo41 (M) el

[V] @l @b,y (Sloisms g5load ;o oo Ll _wain sla el )l ¥ Jgos
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Fig. 8. Simulate three degrees of basic freedom by assuming the plane moves in the presence of four obstacles and a fixed target
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Fig. 10. Simulating three degrees of basic freedom by assuming the plane moves in the presence of two fixed obstacles and two obstacles
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Fig. 14. Displays the measured values in the sensors as linear and circular gauges
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Fig. 15. Determine the number of obstacles and the speed of updating the position of the obstacles
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Fig. 16. The positioning and tracking panel of the simulation barriers section
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Fig. 17. A graphical interface simulation environment
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Fig. 18. The result of a practical test and simulation of a robust, unobstructed robot routing at initial conditions 6 = 90
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Fig. 19. Result of practical experiment and simulation of robot routing in the presence of constant barrier at initial conditions 6 = 180°
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Fig. 20. Result of practical experimentation and simulation of robot routing in the presence of four constant barriers at initial conditions 6 =-30°
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Fig. 21. Result of practical experimentation and simulation of robot routing in the presence of removable barrier at initial conditions of 6=-90°
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Fig. 22. Result of practical experimentation and simulation of robot routing in the presence of a constant barrier and a moving barrier in the

initial condition 6 = -90°
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Fig. 23. Result of practical experimentation and simulation of robot routing in the presence of a moving obstacle and reaching a moving target

in the initial condition 6 = -90°
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