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Designing a target tracking algorithm for group

Ali Mirzaee* movement of robots
Kahagh

Assistant professor,
Department of Aerial,

Univeéiw,r]TZ?nlrigﬁ Abstract: In this article, various methods have been introduced regarding the movement of
robots and the advantages and disadvantages of these methods. By combining the methods of
potential function, virtual structure and leader tracking, an algorithm is obtained that, while
having the merits of the mentioned methods, also overcomes the disadvantages and challenges
of these methods to a large extent. The resulting algorithm is used to design the desired
movement path of the robots, and a sliding mode controller acts as a useful tool to force the
robots to follow these desired paths. Finally, to evaluate the performance of the designed
system, the movement of a group of six non-holonomic robots that surround a target in a
triangular formation has been simulated in MATLAB software. The obtained results is
compared with the works done by other researchers. It was found that the introduced algorithm
has important advantages over previous works, such as reducing the volume of calculations,
removing the local minima of potential functions, reducing the range of input changes, the
reduction of the number of weight coefficients to adjust the potential functions. It should be
noted that the resulting advantages make this method more suitable for practical applications.
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2 Scalability
3 The virtual structure approach



SSlSe (miige 585

xF cos(8) —sin(0) x.|x"
yE[=|sin(@) cos(0) v ||y] M
1 0 0 11]1

=

i =CEpl ™
S e Slaibwe olKiws [0 §jlxe paie Counbao o ﬁ?
ol Slaisu olfiws )0 (g3l paie Caalge o ﬁzE
5wt oS e CF

Slatses olKiws ;3 (g 3bre LSl Cumbge 8,51 Caway 3l o
3 55lre g (2Bly yolie (sl wlgs iy 25 b ol
Ags 0l (gilme yolie Coom 4y (d> ol a5 05
sl )15 ol gl anled codai |y (g5lme yolie J)le g
25 Sz ) Blie i 5 gilbre paie 5o (el
oS (o0 i

e, =pi —Di ™
L 4 I P
Sl yolie Comlgpn sy = | plo Pi=|_g
Vi Vi
Aadl o0 ol Olaisee oKiws jo da> g
o ;0 Pi (oo Slo Cetdgn b 922 N 09 5 S5 (6l S
Gy Syga |y slacl  Solaw Jow <ol labe
.&2.35

pi=u , i=12..n )

Sy 8 op vl leanr 5T 60959 o Uy

Dol g0 0010 s gr dalol jo S Cuwl J S slenog s
Cooms &y |y 09,5 (8ly glacl a5 Cusl (ol (5399 (s
gy Jomndly @B pLolS 5l g Wl (o0 Bl (g5l polie

Al oo Sty 3 Oyga € sl x5, 00l

Ui = _AU]_L' (9)

Slp oS col il slion bpli jaie o Josily &b Uy
03.....: <* ool&...ml 6)[.7L4 )LA}LA.A} o L 05; (_gl.«a.(:‘ @‘)m
&b oy dlie cpl jo )b sl slp &S &b cpl sl
OO CHESs Jda w0ph oo (S ) Ohpar Jewily
O alols a5 ‘5:5‘540 )'l e A) iz J,ols_e 4 @L’; QL@I;
SO b gy 4 (WS oo S ho Ceows 4y gac g0
Gl el o ol e pn Wbl p S5 oy

365 2l

0, a5 290 Joe (gl g5 4y (LD pa) e S Il 00,5 a8La
Sysb e Sjgo 00,5 adi e (LS sla)lS Rdls Sl ]
o594 hd a8 T alol slo, I L aglie LB oS ouls >1,b
1) S pmale 5 alee ol b bl 56 BT glaiS L

QJSLW‘) W)

Olovwz J s =Y

9y s silme JlSle gy dw oS5 LI nl o
aos 2 Sllie 45 Conl 00 8 yme ooy 55N Sy ity a6
Blas leslinal b g, cnl po o)ls U 1) sipe b9,
oo (09,5 glacl o e CanBae) bl Sledlb
o i |y Ban S 05,8 palie osllan ety iS5
lae 45" 09l oo iy 25 S i DlaiBu olKiws S lut]

S sm 9o gl oyl e Bas g5, o
)i;'a)w5u_§.)@¢;5).>wﬁww&§;w¢ u;‘ Lngﬁm
pa8 o CoaBse e 55 (oo 48,5 S 0 (] ages
S e Slais olfiws [0 Cgllae loduz 40 (55l &g
g.A...’jB.A 5JLD.».>|50|)3$ LQLQ: u,ua).:La)‘ oéw‘bsbws‘c‘dﬁ:
ol Slaizze oSiws 4 gilre yolie pl SO ST pwain
ool Clabe olfiws (o Colyd 40 005 o Jis
Wb oo axdly polic a5 0T o Cody rsllao ojlma Lo
s 6l oty ailas s ,lslo )T 4y 1y 095 Bl & g
oKiws 4 G S e Slatsee olKiws! o asgly 0,5
Bl Cawds ) O Sl Slaie slaysme 5l (SO L Gan

ye(t) — y (£ — At)

%e(©) — (¢ — 80) @

0(t) = atan(

oK s s S pxie Slatses olSiws Crons a3l O(E)
L a0 cull Slaize

Slaie olfiws 4 Cand BUd cond Cordgo - [yt(t)
ol Slattie ol 4 S (gilbre paie o Cusbse
Lol dsle BB 5 &9

2 Distance error

1 Orientation



VEN St 5 30050 ipg 0)led 05 5 (o JLo

X; = v; cos(6;)

yi = v; sin(6;)

L1

¥ = m [Fxi + fx,]

.. 1 ay)
Vi = E[Fyi +fyi]

0; = w;

. 1

Wi = [ti + fw,]

a9l 0 ol Slatses olKiws jo 1 ol Cusdaap; = [;2]
e iy &y oMy ail o gl sly S o Wy g o
S e (53955 (Golit) Tj 5 (5,09 Fi g oyl loe
Sl 0ol patinl oolacél mles fwi nyi ‘fxi Al
fo s i fid et 5 b sdgasme co a5 wits lo
J° 09T |fwi| <fu 9 |fy| < fy+ ¢ fxll <f g
B30 polie &S Cowl cpl (B8 (eizren g h g0 i8S LS
s Ll 0l 9 Vb sl o3gamme g 0095 oy y0 [; gy
e wie 0<I< [ <Ts0<M<m <M
Ol b oo pslie S8 sl s, 5l (S (58 e J S
5ol sl Conbad pae 5 Slalazél o eaisS S
A8 58 by ol 5l ool all (oo pglie b el )y pss
s S 5 el ol a8 e e
Glad 5 ol mho K o 4 g <l (o uiie
e 9 995 (o0 0y 09d (oo oael 134w o5 Il
O (el o I o yrie (JyS gl S bangs
3 oS S cal (b wed (oo alls oS5 53 s
095 (o gl (b i gl Cond 358 oo plnil al> e 50
350 S (g b (nl 59, S b ke 05 > a5
Sy DRl 10 Caand IS 0350y |y e B, L
Ceoms 4y |y oo Sl oy o5 ol J S colews
LYy Yelwly ol o

ghe b g Jyl S (bl allie cnl 5o
o des n) Sogar ad Gy Ol Sealus sl 4
lo ol Sasliys b sloyeiie wsllas ol laz oS
5 Sz (V) aobes) Lol algs 5l oslizl b O alsles)

Dai = U Ov)

u.
64; £ arctan (ﬂ) 0%

ulx

SSlSe (midige 85

&6 nlple 05 oo Jlosl 0l Sl a1y cenlin (9999
wals |y o by o0, Shee sla- (Shg b Geelad b8 550
Al oo Joe Glaas jo 2Bly sla-oigp 0 0,5 sl g
(5B GBT sla S 055 4 L slal5 55T 0 a5 Jl> o
b ole b b &g Ll polie a5 098 (oo oolitul (onlys

IVElal oo ialidl b by o alold il 33l

Us; = —In(cosh(ay|I7; — pillo))
L a1 L Lo (V)

ol ooy BB (G55 o Wi
R™" >R 20 culls S oy S5 0-p,) |25 eSS

L¥ologs oo oy ) & yga a5 il

1
lzlly =< (Vi+elzlP-1) , e>0  ®

andls Jouily @b gbolS plodaz J58S 63959 Omegd
Szl 5,55 5l Canilae g 45 4l o g, b
D9l (g0 B ya p5 Djgean b b

= {AUZL' lpi =il < d
* o llp: = p5ll > dy

s ko) [|pi = | e 51l (ool Uy YU a5
g2 95 O 5L 0550 alols dyj 5 0Bl (o0 (05,5 polie oy
ol (it oz 55 Csllas Celge 4 (s Sz 1
axdls (950 ol sl S 28 @ Jenily @b G aaldl o

e (oo (Byre09)S polie G

Uy; = Wye(dis=llpi=pilD 0°)

OB B Gen pleaexr JS S e09s cnlnle
Jmul.u @‘53 ) )‘ oolaiw! L: ‘_“Jaw é‘hb W‘JA

el a3 Cesdy 05 g

ui=u1i+u2i am)

P

0l Byre pi,sNl sl ClblB yiolad b lejen a0l (gl
gl adls (LS eal plml Gladsd b ope (gl awslis
&z Sl LIS p Sjpar ) 098 5l gae e Sl

S oo B o sl oo VY]

QY]



SSlSe (miige 585

Cx; .. . .
= Sy; E [in + fxl] - Cxixdi. + (6 — Xg;)

4

Cy.
= Sy; {(1;1 [_Kxi Slng(Sxi) + fxl] — Cx;Xdi
i .

+ (X — xdi))}

Cx: o . ,
< —(ﬁxxi ~ IR = clial = )

- |5Cdi|> |Sxi| < _nxilsxl'l

e Sl Al 55 &g 05955k 00 SN Ll nl
Sx; ZJoBI@A&'l&Jq{@)b}lsm,mlpww
o)lgen JyuS (gl CuS (g5 oo 09D (oo o jgr50 il O

Dy ale jlaky
M; Cx; ..
Ky = _l<:L I+ Cxilxdil
x \M; ' '
+ 14| + 1l an

+ Nxi

s 5 Jsl Sloy olinie 5l Xgi 5 Xgi <ol S5 4y p3Y
ch sl 55 ose il (o oy Jily @l L1S
b el 5 Oygan (8 G5 e aline 35 eg0 Gh53

Ml Cyl + . .
Ky = o \ar 15|+ eyl yail + 1yl
yi \M; )

+ |Yail + TIyi)

&b (B b 5 pa 53l gl Selis g5l Sl ol
Sysl Cendy 3 Oygar JyuS s Gl oo (Bl

V(SGL') = Sg; So;

= sg,(co,(0; — Oai) + 0; — 64;)

1 . . .
= s, (Cei(,—i [ti + fw,] — ) + 6, — 9di)
Cgi ; Cgl. .

= Sp, (—,—iKei sign(sg,) + I_if""i —Cq; Oai +
b~ ba)
Cgi

- (?Kei —%Vvﬂ —co, |ai] = 6:] -

|9di|) |se,| < —ailsa,|

IA

365 2l

Coms gl 5 gl b Sy Jlop i @ Oai s Pai
b Ol S o ol Ca Sl 0 b Ol Gollae
&l Bk 3l esel Cands 5ilbre 5 wothae loprae onl
hgy elsd elul (IS (lsd 5 5 el (il
S alf aw 58 ok Weh (oo iy (058 e J0S
5 il oo o Bl Coo sl 9 (G Cundge 4y bgy e

235 (oo (B p) Sjze & allie

Sx; = Coe (X — Xai) + (x; — xqa;) O0)
Sy; = ¢y (Vi = Ya) + i — Yai) %)
so, = co,(6; — Bar) + (6; — 04y) av)

©0; sp; = [;i] ot Sl calps Cgpo 9 Cyy o Oy
0 S sl Sl S agly 9 G Comdge o p ol
P53 gl 4 G baulyd (G253 ae S5 (69 51l

wld Ry Oga )

Sxy Sx; _nxilsxil QLY
Sy Sy < ~Myilsy,| A
s, S0, < —Teilsa| )

Noi s Myi « NMxi S 9 <ol polie Gl @y bl ol )51
Ceows 4359, 9 Sy, « Sy; «sd9aze ploj (DI L arsly )l 8
Ll ad 0091 p a0 s sl 950! 5l oged atalys Joo yao
05 (o0 et 2 O pge (IS sle (29,9 (VB OA) B

Fyi = =Ky sign(sy,) )
Fy; = —Ky; sign(sy,) (Y)
T; = —Kp; sign(sgi) xY)

wiad loj b aiie sl 000 Ko g Kyi Ko YU g, o
Sl Sl 6l 0gh oo Ll anwlre au pladl aslsl [ oS
0 O g Sype 4 Sl ol (A mhae Salns

.oo;

V(Sxi) = sxi S'xi = sxi (Cxi(jéi - Xdl')

+ (X — xdi))



VEN St 5 30050 ipg 0)led 05 5 (o JLo

Sl 539)9 Laly) )3 ceadle @b jlosliiul sl 4 55le 4t
oads solawl tanh(ys) &b 51 (YY) 5 (YY) 5 (V) Jy8
]
Bas aS 1) ol sae b &S o 6o e AV S
Gl 5o o (oo QLS 1) A8 (oo el g a8 3], (o2 2
Sy 4 (28ly Slo e 5 o S5 4 (53l (Sl s JSO
Al oo o8 STy 4 Ba e g el a0y las
30 (295 4 Sy b by casl ssslice B a5 jglailen
SLbl lie cwsin ploanz S Lt b b e S

Ailed codad g9 ) ol iBan

Sl et lo il ) Jgor

polio s ol )b
VA 5 (> polie Gy Joily @l (59 a2 Wy
&5
v la by o 9595 51 )3 (S9,m (S39 wu e Woy
VY L""Ql{)ﬁ)—‘?&\ﬂgoéjm:ﬁ
| LbUl-’)r’)?Lsa-ulJodﬁAmM
VY L"’C’l%) 6..:)_._,| GJYL: oéj.\mzi
! lo by oyl (sl 0390500 i [
o+ i Joo Jonily @b Sy £ ol Oy
Jolw
\. abis Jo> tanh(]/s) &b ol 5 ooy
Jho
-/f X JU 58 s o gl )l Gy
gl YU G5 o o el : Gy
/-0 0 JUS o33 s s 2l 2 Cg,
) )5L7.°° ULJ) 9°&HWWL§¢Di(i+1)

Glog s Boyb 5l edel ey gllas sla e AIF IS
Aeld &5 o Sy s (oo GLE ) spde G Sy
Sl o, e aS el cpl wes o plas Sy Sl s
Gl )3 it oo ba by G alol 1 (ol sty slog
Auls w0l Byre dox ity &b sl eslatll Loy S
Wb oo b Bl (0, Ses CoilB ooguze jo Ly Dl s
o9 eite Jodos (IVFVAD) (L3 (sla )15 po a8 5590 50
O Olpss cpl als walize Jolgd jo ity 2l lade
By sl @by g9, Jlasl LB Jos jo a5 conl ol (5,08

RETp

SSlSe (midige 85

e Sobld @b 5 @90 49,955k 00 S (nl e
Sg; = 0,010 il Jday 8,k 5l g 0 sl pme dous
o)lyen (JyS (Pl CAS g (o0 98 (o8 e Hmie &

g s jlaky

I. [co. . .
Kg; = i(ﬁlfw*I + co, |6ai| + (6]
Co; Ii 9]

+ |9di| + Uet)

&y oLol S wly pes 9 Jsl siloy i 51 0g; 5 Og;

Sibw dwnds b Judxd g 4 i - F

W8S 5l 0 p Ojgar Bas Sl (gile dnd S o
! 0
Xy = v cos(6;)
Ye = v sin(6;) V)
b, = w,
Sl Slatime olKiws jo Baa Cusdee Pr = [Xp, Vil
(0 B o gl g (o e i 4 O 5 Vp
Sl oo ) Dyga 8 (S sle 639)9 il
v, =15
w; = 0.05sin(0.4t)
kol sl ol Swlos )0 LQ-:] 03gd5xe g (59,9 Dlilicé

28l (o0 2) b @ (V)

fr; = 1.2sin(1.2t)
fyi = 1.2 sin(1.2t)
fw; = 1.2 cos(0.2¢t)

fi= fyi= fwi=12

o 098 Sy S8 e plear &8 > allie cnl o
A5 050 Bue a5 (VY) abaly jo ool B e sl O, 5l LU
o osllae alols ool ond 4185 a5 15 S s el |,
VT Y 0 Gl Cunbge ool Soeds & e S
b
adsl bl s el sael ) Jguzr )0 (55l aed sl el )y
L [030] X [030] o5l ,o 2l combge 51 o by, oles
OMae 59 5] 6T ol Sz Wgd (o0 Sl olgSs (sLlg;



input control (ux)

0 W
0 5 10 15 20 25

time(s)

X JUB S 5399 (Al

input control (uy)

0 5 10 15 20 25
time(s)

Y JU JyS 899,9 (©

input control (uo)

0 5 10 15 20 25
time(s)

0 JUS JS 6995 (2

o> gl 4 barye (J S 6l (09,9 ¥ JSS

o Jloel (il @b 5 oolital S coles 5 (S
Fodes 190 Jolsd o le Sl a4 a5l s 4dls g asdls
Jos Olae o 1) () orl 00,5 990 (nl Bl (o
00 w5 0 )5 pae hYs 51 (S0 @y y3 9 WS (oo Sgue
S g 5o Bl (o0 8l sl by calae )5 g,

365 2l

DL 1y s oy ol Syt il a0 S
il Ve 5l eS o e Ol Conl Dgpaine a5 4sSilen a2 o
S97y vl e 9 S ;RS Sl skl alols a4 il il
b ol e a e ogllas alols b Db 05,5 SLEE]
Wil 0 S Lads> e

e ol Sealos 55 sl 6995 slojloged ¥ IS
ol b i) s sy a5l 4y drgs b o oo oL
Sy Jomiliy @olgs T 518, olasl o (S8 050 g 00
Comd 4y (J50S lo G aS 098 oo ada>dlo sl o0l
g2 Sk 3l s (F JSa)cesl 005 oy (2alS jlms [YA] e
1985 b o el oats gltl S clo 605y 5l plaS
G s oy 50 b 4 UZ 5 UT slpdss 1555 5
3,5 cubis 5l (G g goge ol aS Wiloads gLl Yoo gV oo
ik oo o ol Sy o e

Trajectotries of the robots

25+
20+
T 15} — Trajectory of Target
= ~ Trajectories of vitural agents
- Trajectories of robots
10+ : )
5,
-5 0 5 10 15 20
X(m)
(!
Relative distance between the robots
6
—dist. between robot? & robot2
5 —dist. between robot? & robot3

= dist. between robot3 & robotd
— dist. between robotd & robots
| = dist. hetween robot & robott

time(s)
)
Bas gl ol S ol e (1Y SG

b ol o o abols (o



VEN St 5 30050 ipg 0)led 05 5 (o JLo

Agent Absolute Velocity in Inertial Frame
T T T T T

25y

20K 4

i
AN _ _
= 1 1 1 1 1 1
2 3 4 5 3 7 8 9 10

time
[vy] e 5o b Sl ce s Hloged (&

INT e b pols img 50 o sl loges anslio ¥ S

51008) 5 (V0) Lalg,y osa) obaw sl 0 [YA] e o
gdaw &Sl gl a4 &dly )0 el oals colainl y; 3 mla
W Sy S s sl (g5l Blas sl 1y o33

! c\b; oolazwl ).v) u)sm u.cj...u 6Ua.> )Lb).v )l
Sv =V; — Vgi M)

4 i Fepw lop o Slaide axic )0 e (rlnle
aS 28lge yo logas ( cols adgl Ll b o call o 0,8
O JSs Gillae iyl ool 5ol i alols 095 Lol
Codge Hhai Sl Ll wiiis alie cepw g Ll gl pobie
b gyl 5l oS o &8> allasl (6 pme ;o SalS SIS
885 Jeiml 5|yl gy o (i golaw clie L

el oud 655 ol (Sl oS (i

Trajectories

0 5 10 15 20 25

C‘l""“)‘ oolaw! éﬁ‘y@ B oj)f ‘_.;Lé.c‘ L;ﬂ)ioxb fm.\;& Jiw
[YA] g 0 b o 38

SSlSe (midige 85

b e poo Jule (V)] a5l 2 9590 lie ]
a5 )58 Ll ae o by (29,5 CS > sy p yo
& (ol )0 g oo alaxde OF Ko 0 a5 jghailen ool
Boe el Sy il VA oo e Ol S
Ck o S0 ol dllie jo P S Gillae Lol o, o0

The u, control input of an arbitrary agent

(S ) U JUI J5S (53959 (A

The u, control input of and arbitrary agent

10 15 20 25 30

(Seow 42515 0 JUIS' J 525" (5995 (o
IYAD qis @ by o I8 sl (09,5 ¥ JSC5

INVAVA
BASASA

0.5}

vd(m/s) , vi(m/s)

0 5 10 15 20 25
time(s)



SSlSe (miige 585

Caie s b S Oygo b s oot sl sla S b (gl anylie
b ol pyzpd e ol

&y I eS) Bl 5 (ulas slag i (09,5 95000 bl a4y -)
35 oy hall 615 it ol Slewbe o2 oo o Jonily
&b 9y 98 e (n fetes & (Jome pasis JSie p2
oS Sk g Jeily

ol Lol s e wigaz el b Byxe b Y
5 (b by o alold Ol 51 (b Glain) Jemily @l
G 5,0l 5had Bk e by Selins (S sle (50
by 2ol Cole & Collae (o e 5 oS sl (S
Gh9y O 63 Sz oo bl 5 (o (S ol 08
bz 3l @l pesdl o 4, LI 4 (il pe slass Y
Slopkas sl 9 gyl 5 @l 2alS 9,50 90 4y 550
ol adly palS S cul o

O lo s leslainl) caslio o33 Falaw jloslawl Jdoy =¥
adgl llyd 50 09,5 (2l Ko pas JSio (S o sl &
Glaliond et pos i 0550t o L (5l IS b dunylie , -0

Gl VYD) o5 o mals Col e ay Bos coded jo o L,

&=y =¥

[1] Dang, A., and Horn, J., Formation control of leader-
following uavs to track a moving target in a dynamic
environment, Journal of Automation and Control
Engineering, Vol. 3(1), (2015).

[2] Achmadi, S., Marjono, and Miswanto, Analysis
multi-agent with precense of the leader, in AIP
Conference Proceedings, AIP Publishing LLC,
(2017).

[3] Consolini, L., and et al., Leader—follower formation
control of nonholonomic mobile robots with input
constraints, Automatica, Vol. 44(5), pp. 1343-1349,
(2008).

[4] Peng, Z., and et al., Adaptive dynamic surface control
for formations of autonomous surface vehicles with
uncertain dynamics, IEEE Transactions on Control
Systems Technology, Vol. 21(2), pp. 513-520, (2012).

[5] Qian, D., Tong, S., and Li, C., Leader-Following
Formation Control of Multiple Robots with
Uncertainties through Sliding Mode and Nonlinear

365 2l

S U sl s el el ol o
25 Oygar et pleas S Glas pdize LS
D9 (o iy

Zg;l)(lDi(Hl) = dii+n)|) + (ID1n — dinl) (¥9)
n

Er =

oy Sass N g lonns a5 sl Er YU (g alal, o 45
Di(i1) = s sslme Sl 99 (oo abols: Dy(i41) 5 o
g el oy om oslhe alols dir1) P — Piall
lli+1)

bl oo oI B, b 55y S, e abols Dy

2 i oz LSS sl sla loged anslie

A bgr e 10,8 e aladl loged el ool oolo ylis £ S
oty slh> Loy ol saz)bSy jlogai 5 [YAl e
s Lawsgie yokay 5 oo dlimdle a5 jghailen bl o yol>
goog & 3 e 03,5 Iy alS' (L5 15 (gllas = 5905 b
lois35y5 b gLl Loy L 15 (gllas uile s s
&b B S pole gy 0 a5 b s cad (JuS
ol 00 B,k JSie plsgame Juilyy

15 20 25
time(s)

[YAD o b loss oSz sl Jloged annlin & IS
S5 Az -0

295 LS >SS pgan 0 wax by, Al opl o
P9y S 5l Ghey Gl el (e Bas codal 5 o L,
Jlosl b pum ) odiad (395 5 (5 5lme jlslo il &b sle
S Sy aSul gl casl oasl 8529 4 ux sty &
g plate (YFVAD L3 o)l @ cons by, ol

AR

! Formation keeping error
2 Bounded potential function



VEN ol g 00050 cpgus 0)lod 05y 5 (o JLo

[17] Dang, A.-D., and et al., Distributed formation
control for autonomous robots in dynamic
environments. arXiv preprint arXiv:1705.02017,
(2017).

[18] Keymasi Khalaji, A., and Tourajizadeh, H.,
Nonlinear Lyapounov based control of an underwater
vehicle in presence of uncertainties and obstacles,
Ocean Engineering, Vol. 198, pp. 106998, (2020).

[19] Keymasi Khalaji, A., and saadat, I., Tracking control
of quadrotors in the presence of obstacles based on
potential field method, Amirkabir Journal of
Mechanical Engineering, Vol. 53 (Issue 2 (Special
Issue)), pp. 1095-1110, (2021).

[20] Shibahara, S., Wakasa, T., and Sawada, K., Network
weight and time-varying potential function for
obstacle avoidance of swarm robots in column
formation, SICE Journal of Control, Measurement,
and System Integration, Vol. 15(1), pp. 24-35, (2022).

[21] Harder, S.A., and Lauderbaugh, L.K., Formation
specification for control of active agents using
artificial potential fields, Journal of Intelligent and
Robotic Systems, Vol. 95(2), pp. 279-290, (2019).

[22] Gazi, V., and et al., Aggregation, foraging, and
formation control of swarms with non-holonomic
agents using potential functions and sliding mode
techniques, Turkish Journal of Electrical
Engineering and Computer Sciences, Vol. 15(2), pp.
149-168, (2007).

[23] Yao, J., Ordonez, R., and Gazi, V., Swarm tracking
using artificial potentials and sliding mode control,
(2007).

[24] Gazi, V., and et al., A target tracking approach for
nonholonomic agents based on artificial potentials
and sliding mode control, Asme, (2012).

[25] Olfati-Saber, R., Flocking for multi-agent dynamic
systems: Algorithms and theory, IEEE Transactions
on automatic control, Vol. 51(3), pp. 401-420,
(2006).

[26] Utkin, V., and et al., Conventional and high order
sliding mode control, Journal of the Franklin
Institute, Vol. 357(15), pp. 10244-10261, (2020).

[27 Hu, J., and et al., A survey on sliding mode control
for networked control systems, International Journal
of Systems Science, Vol. 52(6), pp. 1129-1147,
(2021).

[29] Gazi, V., and Passino, K.M., Swarm stability and
optimization, Springer Science and Business Media,
(2011).

SSlSe (midige 85

Disturbance Observer, Etri Journal, Vol.38(5), pp.
1008-1018, (2016).

[6] Ren, W., and Beard, R.W., Decentralized scheme for
spacecraft formation flying via the virtual structure
approach, Journal of Guidance, Control, and
Dynamics, Vol. 27(1), pp. 73-82, (2004).

[7] Lewis, M.A., and Tan, K.-H., High precision
formation control of mobile robots using virtual
structures, Autonomous robots, Vol. 4(4), pp. 387-
403, (1997).

[8] Pantelimon, G., et al., Survey of Multi-agent
Communication Strategies for Information Exchange
and Mission Control of Drone Deployments, Journal
of Intelligent & Robotic Systems, Vol. 95(3-4), pp.
779-788, (2019).

[9] Liu, Y., and Bucknall, R., A survey of formation
control and motion planning of multiple unmanned
vehicles, Robotica, Vol. 36(7), pp. 1019-1047,
(2018).

[10] Issa, B., and A.T., Rashid, A survey of Multi-Mobile
Robots Formation Control, International Journal of
Computer Applications, Vol. 181(48), pp. 12-16,
(2019).

[11] Ai, X.L., and et al., Optimal formation control with
limited communication for multi-unmanned aerial
vehicle in an obstacle-laden environment,
Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace
Engineering, Vol. 231(6), pp. 979-997, (2017).

[12] Do, K.D., and Pan, J., Nonlinear formation control
of unicycle-type mobile robots, Robotics and
Autonomous Systems, Vol. 55(3), pp. 191-204,
(2007).

[13] Lee, G., and Chwa, D., Decentralized behavior-
based formation control of multiple robots
considering obstacle avoidance, Intelligent Service
Robotics, Vol. 1(11), pp. 127-138, (2018).

[14] Alasty A., Etemadi, E.S., and Roshan-Ghalb F.,
Behavioral Control of Autonomous Swarms, in 16th.
Annual (International) Conference on Mechanical
Engineering-ISME 2008, Shahid Bahonar University
of Kerman: Iran, (2008).

[15] Balch, T., and Arkin, R.C., Behavior-based
formation control for multirobot teams, IEEE
transactions on robotics and automation, Vol. 14(6),
pp. 926-939, (1998).

[16] Khatib, O., Real-time obstacle avoidance for

manipulators and mobile robots, in Autonomous
robot vehicles, Springer, pp. 396-404, (1986).

\Y



