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The Artificial Potential Fields approach is amongst the widely used path planning methods in
continuous environments. However, the implementation of it in multi-robot path planning
encounters challenges such as the local-minima and an increase in traffic probability with the
rise in the number of robots. The purpose of the proposed method is to improve multi-robot
path planning in complex environments. A new adaptive potential function is introduced that
reduces the probability of the robots entering an area at the same time and thus reducing the
probability of traffic. Also, new potential functions have been proposed that lead to smoother
paths with less traverse time when the robot encounters obstacles. In these functions, in
addition to the position of robots and obstacles, heading of the robot and the position of the
target are also considered. In order to evaluate this method, a distributed software
architecture has been designed and implemented in the framework of the robot operating
system. In this architecture, as robots move, new robots can join the operation or new tasks
can be assigned to robots. Two series of real-time simulations are carried out in the Gazebo
environment. The results show that the use of the proposed potential functions leads to a
decrease in the convergence of the robots. In the simulation done for 2 robots, proposed
method has resulted in a 35% reduction in the traversal time. While in case of 15 robots in
the same map, a 50% reduction in the traversal time has been achieved.

Keywords Path Planning, Multi-Robot Systems, Artificial Potential Fields, Autonomous
Mobile Robots, Distributed Architecture

CITATION LINKS

1- Contribution to the path planning of a ... 2- Multi-robot path planning based on .... 3- Path
Planning. 4- Cloud-based multi-robot path planning in complexand .... 5- Survey of advances
in guidance, navigation, and control of .... 6- A comparative study of deterministic and .... 7-
Path Design and Control of a Moving Social Robot in an Environment with ... 8- Aerial
Robotics in Urban Environments: Optimized ... 9- Aircraft Trajectory Planning with an
Altitude-Bound in .... 10- Collision-free navigation and control for autonomous vehicle in ...
11- Humanoid robot path planning with .... 12- Zero reaction path planning for mobile robot
arms. 13- Real-time obstacle avoidance for ... 14- Artificial potential field based path
planning for mobile robots using a .... 15- Efficient local path planning algorithm using ....
16- Local-Minimum-Free Artificial Potential Field Method for ... 17- Improved artificial
potential field method for mobile robot path planning. 18- Ddm: Fast near-optimal multi-
robot path planning using diversified-path and ... 19- Dynamic node allocation-based
multirobot path planning. 20- Multi-robot path planning using an ... 21- Conflict-based
search for optimal multi-agent pathfinding. 22- Dynamic prioritization for conflict-free path
planning of ... 23- Coordinating hundreds of cooperative, autonomous vehicles in
warehouses. 24- Coordination of multi-robot path planning for warehouse application using
.... 25- Multi-robot path deconfliction through prioritization by .... 26- Coordination of multi-
robot path planning for warehouse application using .... 27- A systematic literature review
of A* pathfinding. 28- Subdimensional expansion for multirobot path planning. 29- Finding
optimal solutions to .... 30- Enhanced partial expansion A. 31- Towards optimal cooperative
path planning in hard setups through ... 32- A general formal framework for pathfinding
problems with .... 33- The increasing cost tree search for .... 34- M*: A complete multirobot
path planning algorithm with .... 35- Efficient and complete centralized ... 36- Push and
rotate: cooperative multi-agent path planning. 37- Distributed path planning of a multi-
robot system based on .... 38- Multi-Robot Motion Planning: A Learning-Based ...

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://doi.org/10.1007/s11370-019-00302-w
https://doi.org/10.3233/JIFS-200869
https://doi.org/10.1016/B978-0-12-804204-5.00004-4
https://doi.org/10.3390/sym11101241
https://doi.org/10.1002/rob.20414
https://doi.org/10.1109/ICRoM.2017.8466197
https://doi.org/10.22060/mej.2019.16409.6362
https://doi.org/10.1109/ICRoM60803.2023.10412604
http://mme.modares.ac.ir/article-15-7770-fa.html
http://mme.modares.ac.ir/article-15-400-en.html
https://doi.org/https:/doi.org/10.1016/j.jart.2016.06.006
https://mme.modares.ac.ir/article-15-3280-en.html
https://doi.org/10.1109/ROBOT.1985.1087247
https://doi.org/10.1109/AIM.2003.1225434
https://doi.org/10.3390/en14206642
https://doi.org/10.1007/978-3-030-82199-9_20
https://doi.org/10.54254/2755-2721/33/20230259
https://doi.org/10.1109/LRA.2020.2967326
https://doi.org/10.1109/ACCESS.2021.3097897
https://doi.org/10.1177/1729881420936154
https://doi.org/10.1016/j.artint.2014.11.006
http://arxiv.org/abs/2101.01978
https://ojs.aaai.org/aimagazine/index.php/aimagazine/article/view/2082
https://doi.org/10.1007/s11370-021-00363-w
https://doi.org/10.1109/ICRA40945.2020.9196813
https://doi.org/10.1007/S11370-021-00363-W
https://doi.org/10.1016/j.procs.2021.01.034
https://doi.org/10.1016/j.artint.2014.11.001
https://ojs.aaai.org/index.php/AAAI/article/view/7564
https://doi.org/10.1613/jair.4171
https://link.springer.com/chapter/10.1007/978-3-642-32695-0_50
https://ojs.aaai.org/index.php/AAAI/article/view/8592
https://doi.org/10.1016/j.artint.2012.11.006
https://doi.org/10.1109/iros.2011.6095022
https://doi.org/10.1109/iros.2011.6095085
https://aamas.csc.liv.ac.uk/Proceedings/aamas2013/docs/p87.pdf
https://doi.org/10.1177/0037549718785440
https://doi.org/10.1109/CFASTA57821.2023.10243195

oblSen 5 S o ape  FOF

~ el (oled )3 ealsa Glel glagisy 5l S yne 21k
B g Fige) glawl, wile jl395 Sl glo
slegil o Mllagludl glawl, [Mlusise glag,ig>
o 2k dlue gl esiie slagbg; ! 1S,
dds o &S n gy ol 51 G el osils o3ly dswgd (g1,
35 315 by (g5lwesly oSl 5 Giluslre Sz pae
o2l 53 .cwl BIAPF) (egiuan d.w.u‘.u ol g,y asl
3l csiiie W3ls Gl laue ;U e (gleyd siile wlyy (g,
5 GSe S e Sy @ilse 5l Lol gdls glaglie 5 Glaal
L by 42lse eghan Jaily glaglaae ghyy slaptdly
o laglie 3938l [0y jlay Julas [415ladss
sshie 4 508 2lb slagbsy b Sy calgd ) 5 e
iloads slgiddan sloe dieS Al b 4pzlg0

S s slaseas (2hb Sl el wilie 2oz e >hb
~oly) 5l galasi gl San glcasise 4 (Il glacaslge
05 Loyue 35955 94 5 ploje Glaleny S iz 4o
Gl aije @l o Jolis wilgise dlue ol 12181asly
U.«u‘.a.u olej ggame (s (Flowtime) oLy ¢loy silo
o] gy lej (si=s «(Makespan) pladl loj b ol punne
w63l yane ol b duolio s 192100 Gas 4w,
SRl cwl 2lse gt glagilly b ez >
0les +39 Sly3 sl 4y Wlioe yro >hb s 2l
ol prizen Mewl dalge b codgaze b =hb
Syl gaiySan sbad led Gllisl 4y ol slass
Gilwdingy lagng; jl oslaiwl )3 iz (e & d5de
Slanl wdly)s o9 4y 4z g3 b Iy ez e >hb slaby)
33 .3, Cauyel Lag_& 9 (One-shot) fslf ST wyg0 93 L lgige
B 5y mes e b dlue odds Al sla gy
Sl g lanl ga)Sy ol 53 45 e iy o8 ST Wlie
2B S i wlilee ol Uy oad Cayyeli oy
CoalS sy Sy 20S e lay (olaisl wl,
oLl a3l s 5 4815 335 laeslyy slae yuass olSel o 1y
el 4 diwgy wysods gz by (led Calby 3k,
Ao polais

G2z e 2k oty «(sl8les (ilese 4 4293
23S sl oSy 9 oADRIST (SFe dilwd dw & plgise
L S g ailebes (55556 wledbl olal ws3Spe (5 ylase
—o0 plal el eled (gl srune 2Lk g 0ad (5x5lez
3929 dingd (s yue duwlzs K0l (5 laso (il 53 2425150
Db ialidl vy slasd ialiél b Al Sauzu Lol eyyls

V¥ 33 oY oyladd FF 0593

ovey 4 o wly e e oIk dgu
ikl Geguan Jeuily sl ylase

{53550 g3 el ' liyse ol aslowl S = e
ol e g fslc ol&atals «SailSe ustige 0aSitils |

o3uS>

S
gy o Zhb 53 33,5 slaghs) | G2 pegkae Jawily slaglie
sl dzlse (o ille b 2ez jrue 2hb 53 Gigy ol 28 ol sl
a8l g0 5> Sedli skl 5 g Glxe dineS bli dllus 4 plie <5
bk dgn lio ol 53 (ol gy 5l Bam .5)S oylil ol slass
Sl by gpusie daei jshs b g oz slokuze )3 2ez e
3939 9 e Jlaiol o sl ond (Hyme w3z ikl Jawily @l
dizeS blis g Sl slomal Jlaiol azmis 35 5 4mb S @ ool glojes
ol oad Mgideny (332 ity &g cpuizen s230 RS ) Gle
&lse b wlyy dgzlse 53 iaS inlesy oloj b i)lser (slayiue 4 yxin a5
el el oz @lge § el cusdse y sgde @ilgi (sl )3 33ds0
sl UBgy 2Lyl sobaiedy ol o 48T 1A )3 55 B pmBse g
—osly Sy dole pilen i 53 5 Phb e Il Hlese S
Gan iyl by 5 iz glawly piesy el ol 3 4 cwl osd (g5l
ol 45 a3 (e i guli .3yls 399 el )50 w8y b ¢lojen (s
0elS o )3 5 el lSan (LalS 4 oo (g3l Jauiliy @ilsi 5!
wly ¥ gl a8 enge sjludud 53 390 e piolen oloj
0les 33 3oy VO Lials by osds 03ld dewgd iudad gilgl 1 ealiiwl
Q53 @l 1O (sl paes o1 53 Aoy sl o0 Waprae Sialass
wal ol Jolo bopue pialeny loj 53 g30yd O ials  plusy

wly ioesiae Jrudly plise (ilyaiz dlols e >hb Aneflyads
G gilase 39>

VW LEYe el oyl
VXY IVE oy gl

khanmirza@iust.ac.ir : Jgiueo 63iumgi®

doddo -

el Gz gledilbole buwgi oad il slacaie ojgyl
5395 wlidae glail )3 gl 5 5 ol sulid (ool
5ol o ailobes il 53 (615 iyl usendid b sl 05 iliken
D2l ol palyd yiaS Gililes gloj 55 albs ¢loje plxil
oialidl g edilolw ool (ilweslyy 53 el slapilly 51 S
el by g ez (590 5 colin @ilgi ALk dagl (L
4 § (5,39l leMbl 51 osliul b olS355 yaue oolb gilgi
oS b by cigiody oad sl L 5 oad 4l Gy ||
Ban cusbae U sl casige 1 5555 g9 gy sloyre
oohb e 5 Jsliie slagasly B514S e oolb |,
9 Uilesy loj oo (g)lsa e Job Jolid (5313831 yunne
Llsgis 50 GApae g3y

Urte SyilSo udige sole doliole


mailto:khanmirza@iust.ac.ir

FOY w5l oldse By 4 o wilyy s2az e >hb dose
oy Glaolxe digjm g 0ad @ajs5 (5 3leso cpizman 35 o
ol 1y by wliles ;3 lagT (g 3lossly olSel o oIl oy
legliae 3 Gie slaglsy i gldl & jshiles 4S50
S vt e 3l glagisy 5l G egae Jusdly
o] 3558 Lol cailaisly (g31,a3l yuno (5=1yb 53 (glonyind 3y,lS
wlidad g cwl a2lse e G L k) vz e s 53
gl ol 5 G el 485 @yse diey ol )3 oS
2 6 sl e 2hb )3 ol ol ahe Siels
wldee bime ol 4 cowd @l 305 slad 3929 bolyi
Yo Jlu y3 0 dibaie S el Sl a4y e Llgie
Qb ol ez pwe Phb gl oad gi358 sHleze S2
iy &S oad sleidey Gegas Jaily slapliae Ui,
ol =Sy Sialen (sly | coglyl eabiit 5 (Soluen 4oL
slags a1z 53 S gy ol Lol 37l 63,5 sl laesls,
Sa 3 by ol @yge 55 9wl 5yl LB @by oS
eldas oladl ley Gialisl 5 Kbl slal Jlais! g
35 655 Galeme wad il gy S S 5o a3
5 bcaglsl @ulsis o7 53 o caul oad sl Yoo Jlo 5
Lol 3,5 50 wigo 3550 5L Sy kgl 3955 il
Sl sl g dibie G @ ol S 5l 55 Gy, ol
sl ol slaySaly Sos 51 A el St o )
08 luslxe slaghgy b ol Syl APF by (UlsT (ol
V¥ Jlo s (S 5 S35 (Jlio sl 2dlise kadem g
olase gy layiahly bl cu> Gree sii 553530
Jobike @ Yo¥e o ,s cpmizman 1381008,S oalisl by
38 Ulsy b APF gy Syl dawly ey yigr polaid
o b Ul Laghsy onl 4l b el sy sl
b Lol caims oo yialisl | lacsly, 51 g3game Slagi (gl smes
Lo plidl gl Gilwlxe Sauz lawly shas (ool

ASGe
6l B2y o2ez pe Phb gy Kol cdlio ol 5l San
oz & cwl Ryl 3 g dlugy bame 3 ol
b 3l pi)sSUl . ols 3525 Gildes by 51 glawsy
—p wlilee el (egian Juudliy soglase (g duwss
olej 53 9 Sytdwe hume ;3 lawly 51 (g ptian slasi ploj
2> by e 39 jokiie 4 Ao el |y ieS Sliles
Jadliy slaglime Syxio glawl, 505 5 &ilge b 442150
~0 4y g 0)l5e (sl e oSl 0ad slgiddig Gl
52906 2t 3 plesan 399 51 (585> (5,8t soliio 4y s
el oads slgiddiag 03938) il (lase auml SO @ lawly,
5 oxd Szl lawly e 5l Juwiliy glie ol 4 5
3> eS8y gl wldee hixo I (gyidon glad I el
by gLt (glogyliys dumlie gl akiS e oalitul

Modares Mechanical Engineering

L azgi by ol e huwsi pune 2hb osd 2598 (55lese 5
il 4 2L 4 i 45 3940 oo lone cleMb]
0l duwlza slagwls Lol 3gd o0 b3y (g5lwesly oSl g
12613115 3925 L] (K (515 iesdS § 0335 JolS

>hb slaghs, dhume (s5lodse o9 g (oainyeSIl oBays Sl
by Gl slaghy, Glel aws 93 @ plgie 1) e
A3 53 35S el dangay § (Sxe (slapbs, 5 SIS (st
e g 03 Jio GBI o wygo 4 e 4 il L Js!
SIS loeS (e dg yume (S92 @50 4 e >
3ol sl Al oSl 5 SO sad e Lyl
SIS Gne ez g 6 e Bhb slaeisS)
Wl 2 G2z e 2hb slapieSIl Pl A* 0,55l
asS e g9 oad JosS slagbs) gl sk 43 plgie 1y SIS
Slope Gominz 0xd S slaghyy 53 3T (o
2 5560 wyge ol Sy soius glas 5 dixg
Lol 28l rads B8 logusly (390 JolS 3 (S s
31Vl slast gl sy (g 5lwesliy 5 0392 YU (Slwlne aije
Qi 4 olyise sy oal piries I yls Sl el
5 ol B0ty i it b A* Sl 5 91, Sae
Jlwo g0 4y oads g8 Ulue iyaiil 303 gy pizes
rgidelip b g B 9393 (6 piagaaas BOIkS (5505400,
SialssS b by 53 Sy b 3 Bcwl Clg> acgaxo
3 e 9 0l (2hb lime Wyse 4 bbby ye e
R SST 1 ealasiw] U dayume gl o)lei 3959 wiygo
9y slewly Sytie ganSn clad 4 gmiue lad
G glsise Lagsy ol oueee I abise piyieS oausS
21 6)le5 p e Goaime g [3ainje wé )y (gomiume
s iile (438 1 e Lo gy -3y o)Ll MH34T @iy, 53Ul
555 sl g 51 (slaiuws ([36] i > g jLid o 135] jaygei g
ol e o 5l aeled (63uSh A Azl b &S i ol
wlyy (53540 dusi Lol LS Lo Latie |y loeslsy (sis eS)>
Al w8y ol gley STy

30 4 5262 yrus P1Hb (SIS i (slaby yida 5
L3z Slaal javaxd Kl g esdd w)?)h;,s ﬁlfd.i Ul
uL,U Swolins (OuiSed .))Lu' 399 LmuL;) wldee b ulaj‘a.m
oS plee Glalowy gloj 9 ot a8y i 33 e (g 5
590 O:%‘ sl 0u w)f)lm)) LP’-‘MU*‘-*-’)‘ 3 k| L.ébf
axlge (il Ly =8ly Plue s loghgy 5l diws gl 35
L_gL«a’_é 3D o U.>|)la ‘Lmui':g) U”l )ig) Cudgi>o .&,\Sb.o
b.g,>.aj| ‘_;ﬁL.g)‘ e lue )‘| os3laiwl a4 cwwl o L_;)‘Luw
Saolizs (313 3 Giine slaghyy BYp le slagsi) 5
g0 dilwgas hﬂz‘o))W Lr"')bS W) w)f)h;)s l:aub)

Volume 24, Issue 07, July 2024



oblSen 5 (S o aipe  FOA

uJL:y..ole 9d ol 8"L°<U‘ 3 ub) . ,,;.9.94)|5)§9M@
.M@Lou)sbzaéwgogljw)@%j)jg}gpfacu

Fob. =C ;_i #K
by e d(Ti.Oj) p]p d(ri.Oj) '

_ (D(oj.m) if d(r.o) <p]
_{ 0 if d(ri.o)>p}

M

ol slake wly ad SGa) g wyglxe opls 4 @ile 35,5 b
o sladins Sl S S 50 g RIS el @z g5
5 a8 JL5 Bum g by g &ile &5 sl (5350 )3 Joe
o3l shls Bao s wamlge Jlay g wlyy cyz gl agl;
5 &1, GLSL whnsi by ylse ool 53 2L Ses8
Wla> laanl Wl juue daoid )5 5 bl Jalss cepw ez
4 &lse I Jolo (9505 plawe (Wl ol b 442190 sl 392
9 &l G cusgo Jlay 5 by digly Goll y Gl wygo

ol 04l Lauyei Bun
0 @lo b cawd p3 I by gz ylap iy wlyy cusdse V S0
G9x daole ez 5l 390 lajlio ju g £ Ban cuslge
0 Ulled algideny Gkl Jawily plase 51 ol asdls
Py led b @le wyglone opls 5l 2515 5 gy ool Jlaio a2
3939 31 &5 el glam b Jolds bl opls bl a0 byl
gsaze byl (p)) of glad 3 3303 (5355l> b T 4 wly
oS sl (pe) bl alols g (p)) &ile glads «(p]) @by glad
3 D1 0j) sllon sl 2hb glayiahly 932 ales 390
4 ol o g gile casBse oxind Hlid ol 4 DOy t)
&S cal (g9 0aimd L FOP; 8815 (5950 513y i wilyy
ol 3l Jolo (958 FOf Jlap vl oads gl (V) a3
031931 L yulys 9305 ol 031031 am3 0 LS |y a2 Shakal (5950
o1 0313 i w0 b 45Xy 4y s (o sl Lol ol FO,
dwle () dhaily Gab ¥y 9 015 0y sblgs polel 0 wwl
2970 4 i FOP dgl b yalys ey @y dugly du gl 39050
e 890 13y g Ba (o wasBge lay dgly ST X
&lo G cusdse Jlay b ol cyz agly SNl g il

ol = wfj - 90.sign(z/},-_j).T
T= {Sing((ﬂi.j-ll)i.j) if |¢i.j| <¢ M
1 if |¢i.j| > ¢

Agli 5> Bal o ylay 13U S gl ¢ sielyly calatly oyl 5
BWS | (5399 35 eyguo 53 .l ouds (8y=0 FOF (595 aled
Sox gz WPy @lo il cussan lay g wly ey wgl;
wygo 5 Ll 3gdse dolxe aygly ol ulel LS FOF,
o 4y @by g ol @ yelly 51 assly ol o392 S sS
ajLoﬂ deols (3l (s95 - 2iS (o (2lednly OT Sad cusdge

V¥ 33 oY oyladd FF 0593

sobite 4 w30 ol |y elilas eledl ooy azgi Bl Lials
Silwdd 5 =8ly slaaplS 5y (3leitan by, I ealil
(Sriaoebito colilB b (g g)l38ley gilese ooy

ol 0ud (g5lwesky Sy Jele piluna yiuw 53 g <1y

Ay seghan Jauilly (sloglise -¥

sleplie L so e ealeidan Ghgy B ol 0
ol 0ald Al e jue (2l dlus jy Gegiuas Jawdln
—O’.\g,n -PCX} ‘ng 3590 .l U,Lal 390 93 J.QLw dsuwgs U-’l
PN Smie glowly 5 glse ¢lp Ghub Jwily gle
Jrndliy (slaglane Ciayslceg3 350 usl wlyy S Solues
62950 3¢ 3 Lo 3959 9 e 31 (5 59l> gz 03933
2wl wldae bumo jl Aol SO @ wly ol slass
pladl loj g yauee Jsb sladilge as azgi b (salpidn (g,
el A8)S 8 dunliie g oy 390 wlilec

Saa 3l (59580 plase -1-Y
drily slaglane Ghgy 5> @by calas g e >hb
239 ahind ym )3 @ls g L3l (slag b il olel  egiuas
ool 31 D3l g9p sl wlilee byxe I (553 cusdse
D90 dolne Bao casBge 53 oad iyl Ll ¢lage
o iyyei iy slrglase polwl  5u @8l slag
e aed 4 K03 Symie slawly, 5 gilge cusdse » Gabio
Sl eslasl (o3l (598 Glane iymd )3 pgmre g Ak
oS ol @by 4 ol Bun dhail cosBse pulel p Gha Jie

ol ouds il (V) dhaily w90 4y i by (sl

FA; = Cq D(11-94) Q)

cus8go 5150 D(11. g1) g 0391 cull cuyd S G, cddaily (ol 5o
S enge 53 adle 1p vl wamlye 4 cuwd (g Saa
San e Jeolgd 3 Dle o e Co iy oo
&lgo s g Seap Jlaial g9090 ol g 4l (6305 il
Slade 54 pd ol 39 SsS @zl 53 e Gl
979 Wz 3 9 Al pRalS Bas (S35 s L3 o
e dieS blES s aile b g culidge pae Jlaisl (glse
B3 e @il 55 5 JSidie ol > sl - bise Gl
9 ol3 o318l aly Jlme Su bl il sloplaas
S5 )3 FA weali gylade gy ol 53 San b jblite O3l

! 044 w)f

&lge Giashad (59555 @lage -Y-¥
(V) daly 5> &lge 51 Juol> 2815 (595 2 gly pampe Jao
&le 5l Jool> &315 (59,45 513y FOP; abasly oyl 53 ool 00 )l
CudyS 4 D(0;11) 9 d(11:0)) coizen wblie @ wly )

Urte SyilSo udige sole doliole



FO4 w5l oldse By 4 o wilyy s2az e >hb dose

San
[ J
Yo
L v
Llolopls
F YO
f N
s \\\
111 11 FY
VARER: TN
britt 111
fiintt 1S58}
‘SEEEE! RREER:
i P
EREEN 7111111 ‘o
IEEEEN AL
LSRR et
HEEEN IR
Vi '
i Y
N 14
N s
N 7/
~ 7 o

iy 55 Bas W3l (soxm g b @31 e gle wly (Y IS
s 43 4l 2 33 ol (6 g A5l 38 Ll opls J513

el @ilo Sy
ERVY
°
Yo
L oy.
bloslopls
L ovo
7 T
/i
lfi
l;f V0
il
\if
\f E oy
\
I

23 Bam O3 (g5 5 bl caly @1 (5305 plane Ll (¥ S
a0 53 wly (g Sz il (88 b ayglne opls J51s dloiii o
ol gilo Sye ooww 4y

(@) (@)

cuBse o gile S jade b wlidac (g 5ludd j3 wly joe (F S
olase 1l (@) il &> plase (W) 85 a3 55 b wly 5 Sas

Modares Mechanical Engineering

Gl iy ol 51 ol a2bls (5955 arule slapsio (V JSB
0 &ile by by 44290 53

&l No slasi jl ol 3y (log s gg020 5 (F) dhaily Gub o
Co wqll b Ligds0 dawle (B) dhaily bl 7y il
2 955 ol 1o o ol oait @uail (514isS &y FOP; dauolza 53

ol FA 551591 U plyy bls! syl

FO;; = FO?; + FOY, 40)
No

FO; = Z FO; ()
j=1

5 (V) dhaily) by o8 laglase i ¥ JSb o ¥ b
vlaled Bam O3l gl b sl 53 b ((F) daly) ks
@ ahil yo 55 by S egz Sl (63 b ol ol a3
Y UK 5 a5 jghilan el ond duwlxe cuwl gilo Sy cow
S casBae g wly pu @le &5 Sise 53wl salie S
23 9 )lade blim opls 4 @by i Uil aid)S 18 o
blis glad 45 @l i) b g 03,5 s @ile elad (gl
Lol Ao lag slaz)s WAe 49 O3 5k 5505 ol ez
b slog ity el samlice B ¥ JS 53 45 jshilan
gle ()5 Jl8 wyge 13 o cuwl Gige 4 Sum g ks
wly G835 4 sl o cuz (Ban cusbse 5 by gl
£ S s sl ol ilwdsd gl WS 5o SaS gilo Jo>
el ol Ll (@) Gkl glae 5 (&) aly plas @l
oyls B by (il s s el oanlive 5 45 jghilan
Wl (5o gz S S )3 Guaw 5 03 Sy bl
&S ilgo 5l ails SLSU pune yusi g oad iBgie
y &lo 9 0,8yl 28 wygo 4 Wby s ()

ol 035 593

Volume 24, Issue 07, July 2024



oblSen 5 St o e 5

Gl Jailiy plase 51 Jrol> andls (59,00 e slapssito (O JSb
ol b el 42lse 5

e g_é.m'

(<) (&

@ gngy 5l el o Sildee (gilodd )5 @by 95y (F JS0
Olse 1Ty () ey @315 plase (L) jaam b 2igd e Suap S0aSy
hadad g d.;b &ls

JUS 53 (60958 3t e B pag Loy () @l
Ghahal (5325 )982 Ly Lol iloss s JUST51 500 0,508 505
SxS9l> £3890 ol I ol cuz 2ol b (o) wdls
ol ol

o315 slogyu a5 9 77 wlyy 47y wly 5l ely (598 Al
dlze (A) 5 (V) bailgy polal p i by 4 lawlyy oled |
el Wl JS sl U plys (A) dlasly 53 Ny ol o

FR;; = FR}; + FR; )
Ny

FR; = Z FR;; ()
Jj=1.j#i

V¥ 33 oY oyladd FF 0593

ol i (595 gl -¥-¥

2 (sl koo 53 503 (slawly Mg BTy ol 41 (g, )
Gord pline &5 Siload hyyei Sy=ie @ilge wyge 4 wly
o] slocins §1 il drslone 5 (V) alay gub LT sl
SBI 53 ede (8 s )3 oad oo @S o9l ¢y,
&) i Slgie £3650 ol sl lnlyy S cgz o185
Ofl33l colgd 53 5 Jlseml (slayiue iwlgdl (sloyuue yuds
L Gt (5o glise (o ol )3 39 wlides oladl ploj
o1 Ay Bud rwd cusBge 3 g Lol gz 8)S 3,
ol

g g0 53wl gl wdle by g wSye wdle b el
2ol asdls gap 5 0ad ad)S J5 55 @ile S oz by
by Sy wyge 5 Lol el dulze LB (F) abaily ol
ol wS> gz palol p gz Gluhl 498l (g9
ls 17 @l o )3 o8 20,50 3 53 1,0 S casl o0 Byme
gz dsly Yl oIS ol 53wl esd 1y @l wiglxe epls
Soss ol (D(177) Hla) wly Ly b 4 cawd 1y wly
Gkl (59585 9 FRY) ylap b &l 1 Jol> aily elads asdls
ol 031l el o oals Gialed FRY; slay b 5ud (golpidion
0 b o] ez Lol 1ilie Frly o1l bl ik 69,5
290 damlze (£) dhaily Guliol 5 B (8] 9o

0y = 67, — 90.sign(y};).T

S *
T = sign(yf;. ¢/, (P, = F))

el 4 asly polatd! caglgl juslie B g Py ool 5
olej x2 43 Ban casise 5l oyl dold Lulel p 45 st
caglsl ghls San jl e dlold b wly Ssde dmlxe
03 (hyme Rkl (g3 cansl K3 slawsly 4y cad (533
o ol (Hype 4390 palaid (5) dhaily polul 3 ol agly 45
Al gl g s ba caaw 93,0 @l 93 gz laylsy S
Loy T ol (2ol381 43 it 3 3 0392 (2 sl Gty g
S 5 ol il (g5 lwdandd dxas 53 9890 (gl AS o SeS
o odel caws a4 gl e () edls el ssalin LB T
woxd odel cund ) glayiue (@) el g by amdls (5955 30
Lol o Wl (gl 1y Gl § b asdls slagg i ol
sl amde Gloled |y Sgdoe S K03y @ g,
st 4y i 45 S e yusi pie g wlyy dygly 2ad
el o3l B el 53 ol duslio 13 cul 03 (6 5ilgan
A3 b v SQ s @l 93 0 ezl &S e 3
Oz dly (G asdly (59,8 pulul il gl Gl
bl ¥ IS lodnd 390 aalss S0aSy BV Lawly,
0392 abalil 4 o 43 145l sy (6 pS ez 45 3m3(0 Gloled

A S35 4 ad S > ,5 9le 1 g

Urte SyilSo udige sole doliole



\ia w5l oldse By 4 o wilyy s2az e >hb dose

RV
[
Yo
Llisl ol -
F YO
»
m
FY
\
I
1 1 Foo
\ 1
NN v I
WA AN
AR 77727111y
RAN! 7777717 Ly
N MANRRANRG R 7P 77777771Y
NS 22717777 4
NNNANNNKNS F72 7771 777
\\\\\\\\ 77777 ,/
N._— -——’
0

log i wialy 53 (s5loe0 @ilo 1 ol 039331 (598 e 3l (A JSib
g0 Al Al jy xe diueS sl 5l LS)—SSJ-" Q=i &S

g5 colilas )3 el Sl sll 51 625502 5 il ol
el o iy 03938 (5905 ol 51 (6,505
WSl sl Jaixe 5 lSen 215 puasi y3 Jsl dlope
3 di9ad S 8 S Ll K03 slawlyy saadss g parddd
—0 vlled [ iz gilre @ile Sl g el (sanades
stehly s 3925 Lol unads> sl Glol sl 53 a0
23 Gaades aold 55 (el cwl Gup glad e Jy
re 51 s ioliS alold 53 wily 4 o &5 Ngde 413 i
Slalold STz de (pgs yiel)ly aiil oaid B8gio ju g o359
el 51808 G b Bl b adgd S el e 4 el
Al azsly Ko slo
lowsly) SThe Jlail 51 Galosiz Sy ddss xS JS 51 oo
glad 390 sl s2lé sz ol sy koo ol g 0 JuSCas
PP 3950 dumle (10) dhly Gub iz (5l @lo blusl
o sl eld sz bhume opls glad b ply abaily ol 5o
ol 0g 3332 (550 &ilo $Syo (2 SHE Joxe T Spe 45 el
pa=pP+ {f (%)
&lo wyglxe opls Jo1s il Sun casige oS jge o
g el 4i8)S a3 43 gile ol (Al 4d)S )8 was egian
9 asge el g odd Zpdd (gjle @ilge JuSid 5 pay
gilse S5 wiilen o] 5| Jols (550 slaplise gl ol
Sl S 55 0 b e dulxe (8) daly (ulul 5
@l 2 3ls slagyw g3azmo 1015 FOA (5jlxe &ilse (slog
el duole LB (W) dhaily wys0

F=FA+FO +FR+F0A Q)

Modares Mechanical Engineering

e J».

(&

(<)

U ol gSegs o Gildee (55lodd )3 @l 93y (Y JSS
e (W) s3> b Nigdse S5 KaSs 4 sley 51 g 03gy i S
ikl g by @815 gl 1ol (@) by &l
03938 (5958 syl ase - F-Y
Grhio diloads (Byme i3y ol 53 &5 03938 (g9 slaplane
Son gz gy ol Atucd Bl glawly b g gilge 5
ol Gloj Jol camge digdi5e sl walse 93,5 5 LIS
FSzsS @ile Sy g Bigie wly Sulg @ile 93 glae alold &S
sl Jleis ! cedls ol 3wl o] blus! gled ggame 5
Silre @ile Su 3938l 9 0355 oy (a8l Glove aipeS’ b3
0nSe 3y A S a5 o SaS s ol J> 4 o 93 oo
SUS s gyl blos! gled ggame jl yieS dlold U gile g3 o
4293 b 4 amd e Lt |y ey il apa b ailaid S 1,8 K0S,
93 olso Jo 53 (g5le @ilo S iy Lol 3ls 3925 (Slxe
2 E3090 ol 9 4l Gl ) wlyy e85l 2l gile
ol odmlice BB ezl (il 53 ouds skl g syl ey
@) dbdy @b el ol 53 8 cesian gile blis glad
93 3STyo oy dlold b plys dhaly (gl 55 df) ] 0ald dinl=o
RO &LA

pa = dfj + (pi + pj)/2 )
ol pue hSed (pez yuwe >hb slaptlz I S
olojar b Suaj 5 wldee bime I 4ml S o @
Olso paitue b oS Siloj (Jlio gly 2l p2 @ ol
d> sl 3l BV ,00 L 4ol G s ol Bas g e

Volume 24, Issue 07, July 2024



oblSen 5 (S o aipe  FEY

(&N

(&)

() ez e Zhb 53 Wy W hwgs oad b glasae (W JS&
039381 (5955 Gl s38> L () 5 039381 (59505 il 9

s Zhib &il55 9 (53550 g Jold il (55lese W JS&
dlolw @ Jase wily g3 (S ¢l 53 3230 Gholed |y Iixo
b @l 5 s 2N calS el oad 418)S i 53 (5355
b dsde Jaite dilobu ol 4 (giTho g v s csls)s Jlus)l
Kialan @i wleVbl i jgm ccaslybys ol @l
@by gl @ baie glhize b @'y 035 Sluyigya y (550
eleybl el disy (o5 Kinlan li 1S Lo sl |,
dulxo dmosls ol gred dawly Gsdy 9 sdse
Sls by ohb @lsi @ gl Jloyl 5 lacagls!

3y casdge glabsd wledbl (ol yo (aixo o ohb U

Jailiy Glaglaae ulal g 03)S wdlyys wlyy (el

53 by 4 esd 3ly (g9 Wl lade ond zuydd Segias
o2l ool 288 (e Ao |y QT)g dgee g wlby sliwly ey

V¥ 33 oY oyladd FF 0593

Giloe aile Llm ol

b,y blestopls

FOA?

6xSol> sl 55l gile sl 5 Lol (gunabes 51 Jle (3 JSb
Lol yida 5o 5|

e ib (g5 lodnds S 53 039381 (5955 (e 53U e S
Ol s b 4 1m0 Giglad |y @l W slaei b ees
ol BWS b1y e (5350 42l ) bl sale g law
Olaae y3a2 g laelyy gl ol (b (sloyiune () S
Olaae y9a> b osd b slayue () JSb g 039381 (59,0
BB () IS 55 oS jshiles amd e haled 1y 03938 (50
& el 0355 jaie (55550 4zl I ool jue wewl csalive
S8l sl 5 (53550 4zl )3 el cepw lalS ize @
bimo 1 (g gy pdaw 53 () U ) el jue Lol .l
-0bey 42l S @ el glojen 39,9 51 g 4i8)S )18 wlilas

REW PV (5)75

G3up §lass -

ol (Siolen 5 oad gy piysSl by (5lweslyy gl
5 G=hb e slese o (202 e hb wliles 5
Solezo ol el oad (g3lwesly by Jole iy 5
il digay edlyd oISl Gimy gy Ul 18,5 3 3
cul ol >hb wlides Jsb )5 Lol slasl pusi's Sililes
5 lrcwlgs)y clys cyz 55 dleln SO gileso ol 5
Glojsy 4y ol wledbl guaxi g wdlyy iyl
g2 &S Sl e sl Lol 13 3925 (6 S paeai Loy
e Zhb Sl 0sds Juato dileb ol ) e Lk
g4 (50 Szl i

Urte SyilSo udige sole doliole



FFY sl pldse Ubyy 4 o wlyy ez e 5hb 94

Yol
e >l S Sl s oS JyuS
LS)S}'° 29w iy g ;,‘_:,55@ iy
Volsb
R
Cewlg o 1
4
Saalon codls
4
s>lyb s9m < .
Srod
A
Y
Yl
Sealon oS
e [
w?)o
A
e >l s
y
8 g Ceabge VS
Yo,
o >yl IS S9b s ouiS J S

(G202 pruso =hb dilob (g (5 5lese (W S

Saals &5 cunl oduwy dill FY @ wly 10 el js wldes
233350 ol |y (g3leiden Uigy L e 1)k 55 %0 Liyds
e 51 (5 S5l 53 03933 (53,5 (sl e 530 el

el oanlie Jul5 dilaie o 4 sy,
eliles pledl loj sl ssmlie Jl5 ¥ JS& 53 oS jghilen

3030 ol el a8l GlS @l G L ylse By

Modares Mechanical Engineering

45 odd dwlre Wby glagl 9 Ghd ey polie dag s

29dse Jlol by Jyus &
ST g diadsg el b acanl Gibgs Jls 5 Tail Lnesly, coasnss
03yS yusi eSy> Jlo j b cumdg (Bad Ceow 1wl Sy
Sl sbioe st 855 Jlo 50 i o)lgy cBam 4 iy b g
L pelais] el o sl oo e 2hb g5 S 45 (]
Calgzyy @dlys walll (555 e Phb s WS (e

duglio 9 by (gjlodinds -F

B33 Silednd el 95 gl hay L)l sk 4
0393 woli e 43 &ilge il (sl wdls 55 .l ouds aid,S
Lol slasd (egs wdl> 3 a8 e Ta (ol Lol slass
23 sl e S gl Glalyl Lol e3gy ol gilse 5
@by Jao 1l oad plail by eiyg0 439 9955 1381055 yiun
osléiwl o ¢yl 53 lveslyy Cauyei (gly (TurtleBot3) wlliys
RO W)

s = hb gy b (63l gy awgd oael s 4 ol
2 s el esan Jaily slaplae 4l » oo
wllee pladl ploj 5 oad b (slopme Jsb (1uSile ol
cod dlie ool 5o stu(‘""‘“‘" ovgy bt cwl ead duglio
U8 DAPF glgic waxd Sas (g, slp 9 AMR-APF (ylgic

ol oudd

Laeslyy slasd Gial3é) gl wdls> -1-F
sl @il Ve slasd g yie Ve pope b IS @iye baume SG il
JFN SLbuo).C)) (5)"9«6 k.ﬂJJ))LP Rl uT)) 8!‘90 aS cwl ouds
odl las S 3 SasG 5l yie 1/F aolB b VIV g £/Y K0
a5l wly o b oS caol i V0 Jold (g5lwdnd el
Ol 390 43LI degaze 4 wly SO amy 3)90 8 3
o &S cwl GlaigS w el Blaal g olanl casdge
5 42l s ol Bav g g9pd caslse gl e
o G2hb (syrus b js el wldee el Loy WY Jsé
pladl ploj el samlie 8 a5 johiles a230 Lol |y
‘olaﬁ)sa‘_;ﬁw 99y b ye > hb 5o oMwa@uL,la.c
u.u_!')sl Ls S| L)"')'m 9 AMJL\U.A DAPF U*JB))I)-LAS3)‘9-‘°
Gl g il 5wl sl Gialidl IS wygo @ el slass
ol il YV Ll Lo yas OMas |l jlade cely O G el
(dlpiion gy 53 wldee ‘cLASI ol pels weVls ol s
ol b adlbe gilse Ghubd gox slaglise I Gab
eladl pley s Lol blite p8l douis 43 g laely slass

Volume 24, Issue 07, July 2024



oblSen 5 (K o e PSP

—e—AMR-APF  —#— DAPF

—
T

>
T

(S) oldes faLo.’(| ok
S

srn (52 1hb elbdee (g5lwands j> wldee oladl ¢loj dualie (VW JS&
Gislad i b 2ile 10 g wlyy A slaei by e

--4---DAPF —@— AMR-APF

(M) s o Jobo Lo
{>2

2 el bugi oad b slaye Jsb iSile duglio (0 JSb
b &l 10 g wly A shasi b ez e 2hb wlilee (g5lodus

0 wldee eladl gloj BV jlude .l DAPF (g, 5l yieS
andls Iy jlade oyt ¥ Gide> 53 Ghgy 93 bawgi odel cuws
53 DAPF (jhg) cpiznad ol adids So b il Lopds
Oee loj 03 53 wlidae eladl &y @Bse W o 1) A slaiinz
ol e8> 9 085,18 easge ool Jus .l oadd 45
9 &lye Juwiliy Glaglaue 51 G0 oS ol diwy glayns 5>
Al oad Wgie slawly,

dsb 0Slke 3 (s efadiy B¥asl (sl wdl> sile Guizen
g4 (00 o3mlie 10 S 53 Laely bwgid oddd b o

Ggez -0
~dilobw (gly k> g 2oz e GZhb Glg) Sodllie ol s
Ui 9353 gy ol Phb el el il Ligy Sy iz gle
e 5> @)Ul (>hb Jgl s .l 0ad eladl Lol
35381 (53583 0lire @3 G bl (Kinlas & ag5 b ol
Loy alSen Gials o Qi 45 cul osd iyl segias
el Sl slowl 51 (6 Sty 5 wililec @lase 5 4l S 4
ool o iy 35 (6,503 il (598 (sl ase coizan
&ilse b 442150 pim wl) o (5,150 (2lS! lagl (25 45
GIPler oleme ST g3 ity 3wl laaly Ko g

V¥ 33 oY oyladd FF 0593

--4---DAPF —@— AMR-APF

PR .
_.:.) VY. - e
T poe
>4

% M Ao ¥
EEPTL S Sl
wv

€.

YY Y F O Y A AN NN IY TR

e b, olass
s 5>hb eldas (g5ludnd ;3 wliles pladl ¢loj duglio (W JS&
ol OB slass b g o less asds ,s :

--4---DAPF —@— AMR-APF

1 s
A
3
3
1\/
8 ¢
1S VYR F A F Y A A NN AY AFAFD

b ol ol

35 bl Laugi oad Gb (slapmane Job (uSilie duntlia (W IS5
O U slasi b g lesS diisii j3 (202 e >hb wildee (g5loddds
by

(514355 a1y Lneslyy Sy slgioe ) Gul)] o 4 ol
31 31355 (e 51 535l L g sl el o a3 3
iles |y Lol g o (b (sliprane Job Luwsite 1V S
S)Sf"“‘"’ BYiS| ccwnl ssalin JB o5 jghilen 1230
UPs 3 Yl 929 DAPF () o (3l gy ol
lawly (hSen 5l (655l Juds 4 el (See @3leidn
aeslyy (DAPF gy 5o Lol caisS b 1y 65k (sl juo
g bea8gi b ds 33 g oddd Uﬁlﬁ =le Aly cwl ((SKew

A0S Hgue aaml ol 51l Lol oligS (sl pune yuuss

&lge 9 enlyy (ialyT yadd 1093 el -Y-F

oo S 53 Lo 10 3 by A slas (g loans 5l edls oyl 55
W Jols 330 ol 431413, )18 0 ¥ gls 4 JSb iy
Gialal wyge 4 lawly 5 gilse (ol ElaS jo )3 o 39d e
el o gl

oliles pladl glej cunl ssnlive J51E S 3 o sshilen

Vo pliaz 32> 4 3l9e ded 5> (o3lpiidan g, b e 2k 43

Urte SyilSo udige sole doliole



F50O w5l oldse By 4 o wilyy s2az e >hb dose

navigation, and control of unmanned rotorcraft
systems. Journal of Field Robotics. 2012
Mar;29(2):315-78.

6- Khanmirza E, Haghbeigi M, Nazarahari M, Doostie S.
A comparative study of deterministic and probabilistic
mobile robot path planning algorithms. In2017 5th RSI
international conference on robotics and mechatronics
(ICRoM) 2017 Oct 25 (pp. 534-539). IEEE.

7- Nikkhoe Tanha SD, Habibnejad Korayem M,
Fathollahi Dehkordi S. 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. Amirkabir Journal of Mechanical
Engineering. 2021 Apr 21;53(2):993-1014.

8- Abtahi SA, Atashgah MA, Tarvirdizadeh B, Shahbazi
M. Aerial Robotics in Urban Environments: Optimized
Path Planning and SITL Assessments. In2023 11th RSI
International ~ Conference on  Robotics and
Mechatronics (ICRoM) 2023 Dec 19 (pp. 271-278).
IEEE.

9- Kassaei SI, Kosari A. Aircraft Trajectory Planning
with an Altitude-Bound in terrain-following flight.
Modares Mechanical Engineering. 2018 Feb
10;17(12):135-44.

10- Analooee A, Azadi S, Kazemi R. Collision-free
navigation and control for autonomous vehicle in
complex urban environments. Modares Mechanical
Engineering. 2018 Jan 10;17(11):277-88.

11- Fakoor M, Kosari A, Jafarzadeh M. Humanoid robot
path planning with fuzzy Markov decision processes.
Journal of applied research and technology. 2016
Oct;14(5):300-10.

12- Moosavian S A A, Morady M. Zero reaction path
planning for mobile robot arms. Modares Mechanical
Engineering 2011; 11 (1):43-51.

13- Khatib O. Real-time obstacle avoidance for
manipulators and mobile robots. InProceedings. 1985
IEEE international conference on robotics and
automation 1985 Mar 25 (Vol. 2, pp. 500-505). IEEE.
14- Lee MC, Park MG. Artificial potential field based
path planning for mobile robots using a virtual obstacle
concept. InProceedings 2003 IEEE/ASME international
conference on advanced intelligent mechatronics (AIM
2003) 2003 Jul 20 (Vol. 2, pp. 735-740). IEEE.
15- Szczepanski R, Bereit A, Tarczewski T. Efficient
local path planning algorithm using artificial potential
field supported by augmented reality. Energies. 2021
Oct 14;14(20):6642.

16- Tahri A, Guenfaf L. Local-Minimum-Free Artificial
Potential Field Method for Obstacle Avoidance.
InIntelligent Systems and Applications: Proceedings of
the 2021 Intelligent Systems Conference (IntelliSys)
Volume 3 2022 (pp. 323-331). Springer International
Publishing.

17- Tao S. Improved artificial potential field method for
mobile robot path planning. Appl Comput Eng.
2024;33:157-66.

18- Han SD, Yu ]. Ddm: Fast near-optimal multi-robot
path planning using diversified-path and optimal sub-
problem solution database heuristics. IEEE Robotics
and Automation Letters. 2020 Jan 17;5(2):1350-7.
19- Zhao W, Lin R, Dong S, Zhao W, Cheng Y. Dynamic

Modares Mechanical Engineering

Gilwosky Sy Jole piluna i 53 &S sy )l (gauyme
Jlail cuz 550 puaigrw S sslese ol 53wl osd
wly s (gly Lol .3)ls 3929 ,KaSG b byl (Salen g lawl,
&l L bl 53 o 35de sl lize suue 2hb o S
WS e 2hb |y 4l polais! @l puw (5550 Siales
L slawly 399 el g leme (ol soaasin 5l So
Lj (OEZeD RO )ig) LSLQUL“) C.;S).'> L| ob}m uL;.LA.c
A Slaal glabhx) Gnyei ol (Sae 4 wly o gy
9 o392 pdaliie (3leiden gy coalnly el oad eal)d
UL’)’ L:buT 3 a5 ol U.v§|9 L_;La:ﬁ)g)lf 3 odlatwl JJ[B
—d 2l 4 4zl b yls 3525 Gildee iyl I (gldiwgy
Ol 4y yie eoleidey Uhg) 5l osliiwl cady glasile
Olleny oloj 13 (5K (Rl b g oad iy (5)l500
laeslyy slaed (ioli8l b zolio ;3 3gups .l 03,5 skl Lo yuunco
ooy 53 Ghals woys £ U mlt el cdalin L8 yidos
casgo 4 baelyy plad (i (g 3leidtan @ly3 51 eslaiul go
ol 03940 jdsSal Ban

G3ddg> g coliadnd dolal )3 a3 350 wlegdge 51 S
052 (5393 dg9ame ol 03938 il gulgi slxal ¢ lawly,
Cadgaze 4 yxie Slgice opls Kb 4 lwly ganadss>
sl b duglio )3 S8 (nlalasd )5 oleiidan Gy M
«glpidion Gley UL 9 LI Al pehie 4y 39d lawly,
35550 )8 aslllae 390 £5850 ¢

vidgh Jols dlie ol ele whgixe :8YS] dyanli
035 yitie il yut 5 Gl 4y g 53 5 el B siuss

ol

3529 Bl sl s28lie 5)l25 g Wlio ool )3 : @8l (B)lel

.J)l.\j

&lio

1- Matoui F, Boussaid B, Metoui B, Abdelkrim MN.
Contribution to the path planning of a multi-robot
system: centralized architecture. Intelligent Service
Robotics. 2020 Jan;13(1):147-58.

2-Zhao T, Li H, Dian S. Multi-robot path planning based
on improved artificial potential field and fuzzy
inference system. Journal of Intelligent & Fuzzy
Systems. 2020 Jan 1;39(5):7621-37.

3-Klancar G, Zdesar A, Blazic S, Skrjanc I. Path Planning.
In: Wheeled Mobile Robotics. Elsevier; 2017. p. 161-
206.

4- Zagradjanin N, Pamucar D, Jovanovic K. Cloud-based
multi-robot path planning in complex and crowded
environment with multi-criteria decision making using
full consistency method. Symmetry. 2019 Oct
4;11(10):1241.

5- Kendoul F. Survey of advances in guidance,

Volume 24, Issue 07, July 2024



oblSen 5 (S o i FHP

3267). IEEE.
35- Luna R, Bekris KE. Efficient and complete
centralized multi-robot path planning. In2011
[EEE/RS] International Conference on Intelligent
Robots and Systems 2011 Sep 25 (pp. 3268-3275).
IEEE.

36- De Wilde B, Ter Mors AW, Witteveen C. Push and
rotate: cooperative multi-agent path planning.
InProceedings of the 2013 international conference on
Autonomous agents and multi-agent systems 2013
May 6 (pp. 87-94).

37- Matoui F, Boussaid B, Abdelkrim MN. Distributed
path planning of a multi-robot system based on the
neighborhood artificial potential field approach.
Simulation. 2019 Jul;95(7):637-57.

38- Zhang D, Zhu G, Zhang Q. Multi-Robot Motion
Planning: A Learning-Based Artificial Potential Field
Solution. In2023 2nd Conference on Fully Actuated
System Theory and Applications (CFASTA) 2023 Jul 14
(pp- 233-238). IEEE.

V¥ 33 oY oyladd FF 0593

node allocation-based multirobot path planning. IEEE
Access. 2021 Jul 16;9:106399-411.

20- Tang B, Xiang K, Pang M, Zhanxia Z. Multi-robot
path planning using an improved self-adaptive particle
swarm optimization. International Journal of
Advanced Robotic Systems. 2020 Sep
28;17(5):1729881420936154.

21- Sharon G, Stern R, Felner A, Sturtevant NR. Conflict-
based search for optimal multi-agent pathfinding.
Artificial intelligence. 2015 Feb 1;219:40-66.
22- Rathi A, Vadali M. Dynamic prioritization for
conflict-free path planning of multi-robot systems.
arXiv preprint arXiv:2101.01978. 2021 Jan 6.
23- Wurman PR, D'Andrea R, Mountz M. Coordinating
hundreds of cooperative, autonomous vehicles in
warehouses. Al magazine. 2008 Mar 20;29(1):9-.
24- Sharma K, Doriya R. Coordination of multi-robot
path planning for warehouse application using smart
approach for identifying destinations. Intelligent
Service Robotics. 2021 Apr;14(2):313-25.

25- Wu W, Bhattacharya S, Prorok A. Multi-robot path
deconfliction through prioritization by path prospects.
In2020 IEEE international conference on robotics and
automation (ICRA) 2020 May 31 (pp. 9809-9815).
IEEE.

26- Sharma K, Doriya R. Coordination of multi-robot
path planning for warehouse application using smart
approach for identifying destinations. Intelligent
Service Robotics. 2021 Apr;14(2):313-25.

27- Foead D, Ghifari A, Kusuma MB, Hanafiah N,
Gunawan E. A systematic literature review of A*
pathfinding. Procedia Computer Science. 2021 Jan
1;179:507-14.

28- Wagner G, Choset H. Subdimensional expansion for
multirobot path planning. Artificial intelligence. 2015
Feb 1;219:1-24.

29- Standley T. Finding optimal solutions to
cooperative pathfinding problems. InProceedings of
the AAAI conference on artificial intelligence 2010 Jul
3 (Vol. 24, No. 1, pp. 173-178).

30- Goldenberg M, Felner A, Stern R, Sharon G,
Sturtevant N, Holte RC, Schaeffer ]. Enhanced partial
expansion A. Journal of Artificial Intelligence Research.
2014 May 28;50:141-87.

31- Surynek P. Towards optimal cooperative path
planning in hard setups through satisfiability solving.
InPacific Rim international conference on artificial
intelligence 2012 Sep 3 (pp. 564-576). Berlin,
Heidelberg: Springer Berlin Heidelberg.

32- Erdem E, Kisa D, Oztok U, Schiiller P. A general
formal framework for pathfinding problems with
multiple agents. InProceedings of the AAAI Conference
on Artificial Intelligence 2013 Jun 30 (Vol. 27, No. 1, pp.
290-296).

33- Sharon G, Stern R, Goldenberg M, Felner A. The
increasing cost tree search for optimal multi-agent
pathfinding.  Artificial intelligence. 2013 Feb
1;195:470-95.

34- Wagner G, Choset H. M*: A complete multirobot
path planning algorithm with performance bounds.
In2011 IEEE/RS] international conference on
intelligent robots and systems 2011 Sep 25 (pp. 3260-

Urte SyilSo udige sole doliole



