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A Nonlinear Optimal Multivariable Controller Design for
Trajectory Tracking of Non-Holonomic Mobile Robots

Hossein Mirzaeinejad, Ali Mohammad Shafei

Abstract: In this paper, a predictive approach is applied to design a nonlinear multivariable
controller to generate trajectory tracking control commands of non-holonomic robots. In this
method, the nonlinear responses of the mobile robot are predicted using Taylor series. The optimal
control laws are analytically developed by minimizing the difference between the predicted and the
desired responses of the system outputs. The obtained control laws lead to the feedback
linearization. Here, the nonlinear kinematics model of mobile robot is used for design of the
controller and simulations. The performed analyses along with the simulation results indicate that
the designed controller can successfully track the reference trajectories with high performance in
different maneuver conditions.

Keywords: Nonholonomic mobile robot, Nonlinear control, Prediction, Trajectory tracking

osb i | i o8N gt J ST e a5 -0 1 385 31 5 ST Oludige ezl o 257 ales S5 215t i 1K I3 0dge i 5


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

S5 P50 S pita GOy e (35 S g 5 5 b 0 ke i oS 1S b Y

@é\.& dezee 61.9 Lb\};éljﬁ.ﬁ =

450 RS Ao pa s dslie o i J RS s ST Ll o
b s e 4 3505 (gue 5 Olejer s 4 (G jludings alis J
Lol A5l od lin (5L 0Ly (51 cpl b 5 03 ol b sl
GBS ol 4 Oy 4 e Al ol s ol @iyl J ST i,
- TSR IV W PRI PRPR A S SR (- PR S - R N B
Gl el 1 ol & Sl Dby s e el
OF6 (w5 odd (b ool S Lo bowg L) o
ot 9 ol Glagaly O 038 Jilus 3 b 1 RS
2B St 53 ool e s 5 b Bk ST e e o
o305 1y 53 Ol5 e 1 (o) o) kB s S35 Sagid g
o s i plod (bl el Sl b J ST Gl
4 b gl Jlo @uS U RS (b e ol ol
Olse 4 68 ot Ol sl S5 338 (o () o )50
ol> Ol 5 8 8 15 bl 35m Aile IS 5T il o
03 dial g S (il e 4 e ST 01 ST sl
ol f‘ib ‘}Jj:.f e G_b\f Osls Ol Hsble 4 aslsl
lasile 53 @olTar s aw b by dds g5 2 Y lagsleans
5, 8es 5 0lis b g jluans 5 b oo B el okd plail b

Al e S5 g0 Slal 4 Oy 53 ($algidey (I A ot e

e Oy -Y
S S g 93 ) JSize stz oS e by G JS Sl L
b o el o o3l OLa Y IS s Sl & 15 5 gme S (65
35 p bl 8 5 S i alob 4 sesp 1 OLSS plas sl
33 b g JBas Dygo 4 Dy palgr 5 S o skl 4 5
Sy ) JSKa b il T n 55 &S > 4 (DC 5 55 50 93) oS Jlad
Sl S g5 Jals (@al3T a5 4w 1 JSie (solay 55 4o )3
s S Canige (X,Y) 8 Gusb 4 Sl Gss IS - S
P S Al eamasols 05 Ll 5 0T sy gz oS

Al e DLy

=

X

W &5 e D5 (5t Sy 1Y S

sy hyls La'cﬁ Olyss ygmee shizel s Sby Sl 4 a5 L

:r.i)b a3 (il o5

dodo -

ol G g0 5l (S S5 g 258 L Slagies J 55
S om0 Sl 038 Ll g 4 ) (b5 e a5 S
S (slos 28 58 4 a5 bl S e Ay (g
Olallan 31 51l o 513555 Slogs olr 31 ls St 3
-] el o plowil W pms ool J 287 5 (s5ledie 4a5 53 5oL
503 A Ogd e s lag o el ol Dt le 4 e 5 L
0SS e dd Al ed sy slyls bz Olhgs sgme shial 5o L,
358 0oy Es Sl ashp sl $Sagidin b 43 Olse @
Sol b g btz IS S dzes (5358 S gn 2
ks ol (5ke 4 5 A o e 53157 Sl 51348 65!
258 ol s W st 8 5 (e SVslas LS s
Lol ol IS s (Serlss ilodie 5o (Shoms (5151 Cor s
el ol Sn g In b Gt )3 ol Al (gl 53 355
e 65T Dl ys S sl 51 s dyd 287 6ol3T Sl s sl &S
Sy lie 8T Glaensyy O350 My (gl il S
o onl s b Ll a0 DIl (gl e pld oL e
Ol o &S e (sl 53 Y CEs b Slej Sl s ooy dlis
el a5 2V Caead 50T 0865 glas )8 & a5 b
Slal b awn opl 3 Calises la 2s5 b 92b) Slalllas (g 0y
b Ol § cul @S el S3lll 5 obss
Sl S s ) ealisal ] Ol sy 5 s eSS
IS V] &K (il o oy VY] (551 e By, AY]
&S 5 VFAV] e 4 S8 s, 0] 56 sy V] pslie
D] g 03 35 06 s [VA] e G836 a2
Sl S il g s gy e el oS 25T S
Ros ios 33 el 0l (b s Dby Ly e b3,
Serles S5 sl a8 A8 e Jb Sagy S5 B
SWle & g0l Sl umman [Yo] Sl ol slgiiy ¢ e ol
S sy AP [¥y] & Ol 5 g0 Hlos gad osliiul args sl i, 5l &S
JAS Pl s oha Sl Bl s & dep leiS 25 0T s
o3lizal 4575 S (5 ,5Tob b el .ol ok €1y Ja e i
50355 0T (Sl aip s Jo (512 (9348 Sllons Sla 5
Al gn ol an 3l 5 Sl b L g e S 55 T (55l osly

S U b Sl b g ey S lie ol s
b O o &S e Dl e (235 Sl et b e
B QL?.LML,; Ja..:ji)u S o) .n;@ Jlos s 5 0kl 031>
~82553 5 gt Sl JBAS jo 5 @t 2SI 25 b
bir S Sba) @l (o Lrmdss kx5 s
A o b G ol 2l ams YY-Y0] el o 3 5 IS

Sl ol s w;\f‘_gl.&)lf)éa:li‘;ﬂéj}a Jde 5 S i

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) oyl o)) o oJ 25 alos


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

w S5 P50 S pita GOy e (35 S g 5 5 b 0 piie i oS 1S b

@é\."« deee 61.9 Lb\};éljﬁ.ﬁ =

&S s (> -
ole s Sl lad e b4 (0) DYl i s L
X, =V, COS Xz —U; + X,U,
X, =V, sin X; —X,uU, *)

X; =0, —U,

5 e sl Sl X :[Xl X, x3]:[ex €, ee] of 53
(aa J il e J 28 slasass sl UT = u, u, |=v 0]
ol () S¥lan b 0t (512 (83555 35 b oiS I 587 & 1 b
sokd o @ :[ex e, eg] S sl e s 23, b S
0> st as 3h a5 S e ot (L K03 Foke o
oliel (leaty » S et B RS s
A3, g0 e Sl s M (s 0l 53 (IS sk 4 s dal
QU 035 @S L e 5 odd iy oS G b bus
P b s edkd ahe sl il S5 Sles
Sy p ol T Gy Mowi 5 gy D) & J A5
s G (S5l sl OT Sl 51 015 o e s cpl 03 555
Sl bosp ol e Glaas p bl b e e
ol 25 sl &

{yl =X — X, 89N (@,) W)

Y, =X

1B b)) 5 o e 53 Adl e Cadle U sgn() OT s oS
4 e O Glars Sl S b sl el Ol IS
b OT G3lslhl 5 ot (25 F=(83505 S (S5lu o
S 43 Shas (asli 6 (s 5 J ST il S wnns sl Il
Why g3 Soge A8 e ) gbm dbsd 3 b, glales

Pshs
1& .
J(ul,uz):EZei (t+h)y =12 )
i=1

Slalastlag, 5 Col St i 3o &S5 503 b Oles N &S

v\-u:‘b‘f u;:\.:b)
g (t+h)y=y,(t+h)—y,(t+h) i=12 CY)

SAS 63505 S35 Edsdee b S Sasl ol 55 S Gl
035 Jold c(A) 5> Sas ol ol JalS 2bs) & Oy
O S el (b o dole 4 5 0358 (JEST (635,55 G55
Gy ol 5 odd (53 0L Sl glales Coanl B b 51l
el dnn g ghte 4 o ol o 43 a5 55 OLSS 055 ballas
Sl Y (IS s AU Ol 4 W) 5 Shee
255 S e Sl eslial L ony Olej o5 Sl e Slams >

. X
[-sin @ cos 9][)7} =0 )

o dsn e 43 Olse 4 1 5 eap p A SN G 543 dslee
4o (SSleiw Jo ulal oSl SVl ¢ imman L3 55 o0 4

1 ke Sy Ul

X cosd O
q=|y|=|sine o {V} ™
6l o 1]t
S Voio3y 4Bl pand Slathes 5l T =[xy O] S sk
33 50 GRS e 53 Al e Dby Slasly Lo e 0 5 S
S ab il el 01 =[xy, 60,] 5 0.7 =[x, v, 6] S
ey L b 093 5 Dby ol Coise 4y Ly e
25 g3y e liS 28 b 5 LS Ll DL e e

=

-

(x,3,..6, )M

Sy Comdgo sl ¥ S

5 X=Yy gfow&se@:yf#p}n}{;g@jsg
O, e 33 (X —Y,) Sra X oy e Sla oius

s 5 e 4 U b e 2o, € 6] Cois sl

BS
e, cosg, sind, O
e, |=|-sing, cosd, 0|, —q,) \
e, 0 0 1

(ol (¥) sty 3l eslanl b
X, sin 6, =y, cosé, g

Fr s F) daly S eslimal o) SVl 6, Gmte L s
TYP] 58T Gy 35 Cpsem s 1y st Jue 015 o ¢ o2l ) Slawlous
é cose, O -1 e
.x _ 0 v, y v
é, |=|sine, O o + 0 —e, o ©®
é, 0 1 ' 0 -1

Ailgr mm p Jle 4y by T ey il Ll 4S5 7550 4

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ 25 aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

S5 P50 S pita GOy e (35 S g 5 5 b 0 ke i oS 1S b V¥

@é\.& dezee 61.9 Lb\};éljﬁ.ﬁ =

Sty b Jlael LT oo s 28 sl 1 a0l

:V'l)b
0J
—=0=> AU, +A,u,+B =0
ou,
ol 0F)
—=0= AU +A,u,+B,=0
ou,

g o damlons 23 Oy see 4 (IS B S 5 p

1
u, = _Ai(Alzuz +B) o)
11
— BzA11 B BlAlz 4%)
i Al?z_Aquz
S 55k

Ay =-h, A, =h(x +X,50n (@,)),

B, = X, — X, 0N (¢, ) + hv, (Cos X, —sin X, sgn (@, )),

A, =-h(x, + X, s9n (@,)),

Ay, =L+ (X + %, 500 (@,))*),

B, =—(X; + ho, ) + (X, + X, sgn (@, ))(X; — X, son (@,)
+ hv, (cos x, —sin x, sgn (@, )))

%

500) 535 (W) Lty @i b J xS ol o o3ls Lo S5
sl ol B 5 Oy 4 g iluesle (S Lol e (VF)
1
U :H(Xl =X, 3gn (@) + (X, + X, 590 (@,))(X; +heo,)

+hv, (cos x; —sin x,s0n (@, ))),
1
U2=E(X3+ha)r) (\a)

€S 15 ) 3 Slas w5 )5ty JSb 457 55 Sk I 287 ol 3
Glasly S s st o S clagag)s bl 3 S
Soelus Jue 1 eslimel Lol Els 53 & Llodkd ale
055 de slacsass M5 slp g 4 pY Jleel (slaskiS oL,
5 o 20 o Gy (557 1 B Sk S 53 i sl

235 sl 15 bl

SAS ol Gl 5 e VY
oeomed 3 (V0) 5 OA) J 38 ol ol la S5s S ol >
Wl s JAS 1B 03 D iy Ol ST bl el
s @, 20 23 b O daly Jol s S S Grhe L

1l al g 0T 3 () e SYlan (5,10
Yy =% — X%, 590 ()
:_u1+u2 (X2+Xlsgn (wr))+ (Y')
V, (COS X, —sin X, sgn (@, ))

355 n i (V) dlaly 53 (V8) 5 OA) J =87 ol 8 0l 3

el sk G s 4y (D) Ml D5 s Sy
Byh ol by p e at 0L
2

YR = Y O+ 0 O+ 9,0+
-~+Eyi(q)(t) i=12
q!

o Slazs 2 Gl g b 450 OBl (ol dlis caslsl o
ot el g eiS U S b lal L & (5, 5b 4 Ak
G e 01V oS pattie o Lo 430 Y pans 3L e
e ol 43 e o] ity 53 sdd ealinl g
ommmad [YV] 33 8 o 5gdoms odd Sliusl J S 45 e 5 ot
3 03s dyam BB ot bt (Salys SVolas Sl ool 4
SAS 52555 OT 5 & ol (g 5 Gl 450 0wl b lp
war g b [YA] s o alh S¥sle 53 o b 4 0L sl Sl
63303 33 A 4 Cowd (R (95 93 A UF) (e DYslase
& Oy sl R3O b )il (g =1 S o 4y 11
o (SRS 056 S 5 6,8 d 5 ol S G55
(Ol g e S sdoee o m Ses Jilis 4 bl 3 J 1S
o3k & 55 SRS G5 S sk Lol o S8 4 i
ot 03 S5 s Slaie 5 ekl b ity Ol

Byl g

iu(tﬂ):o for ze[0,h] O
dr

o Dlrys b b b Gt (Sl e ST 45 e Sl
¢S Olge 4 U5 a5 e cseme ysb 4 [YV] dil e clis ol
leACﬁéjJN)éfSMngwth}eéﬁ J‘)T/&.&bl{_

238 o ek b s RS 655
o 3 b clite Jgl 45 0 g i Bp BV v a5 L5 o

Al o B e Sl s S Las (61 e
yit+h) =y, (t) +hy;(t) i1=12 v

Sl gl s 5 3 eslizul 5 (1Y) 53 (B) S¥slee 5,101 L
:‘..1)\; ol

y,(t+h)=y, +h(X —X,)

=X, — X, Sgn (@, ) + h(x,u, —u, +
V, COS X, + X,U, —V, Sin X;) O
Yo (t+h) =y, +hX,
=X, +h(w, —u,)

e a4 g Ly W) s OF) SVl K L Jl

4 odd osls ,Ja..‘u .>J§l~.$ UA’L‘;' 4-1.&\46&_,4.& Uhf}ji u)ﬂaﬁ

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) oyl o)) o oJ 25 alos


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

C S5 P50 S pita GOy e (35 S g 5 5 b 0 piie i oS 1S b

@SLL deee 6‘9 Lb‘};éljﬁ.ﬁ =

Sendge Sloj lagul wodige os I cpl )3 oS S les
3 ormen iy @2 e Joe Slagaly 4 sl Cey 4 L)
@UlF @ Olgs 8 T USS 50 g2 e e b Ob) e dlis
@ Vb B b 3j0e pne (b3 p3 ol (b eSS

.\)J.}
4
——actual
reference
2
E 0
=
-2
-4 . L L . . L |
0 1 2 3 4 5 6 7

Time (Sec)
(X @L"j Q‘ﬁ:’.‘:) (Yv) laBalcs LSl s s lis il -y u&”‘

4
— actual
reference
2
£y
>
2
-4 -
0 1 2 3 4 5 6 7

Time (Sec)
(y Sl Dl i) (V) mm o gen bt Dby e s lin 0 ¥ Js

4
2
g
=0
-
-2
actual trajectory
4 reference trajectory
-4 -2 0 2 4

X (m)
(V) g o s b X — Y i 55 Dby s duslin P S

error
(=1
N

0508

-1 L
0 1 2 3 4 5 6 7

Time (Sec)
Sy @l sly Comdge 5 JUSH Cndgo s gy o sy slalles 0 S5

yv) & Jue 2bsy)

o1
Y1+EY1:0 o)

Ol 31 Jan 5 Jas (YY) 5 (Y1) (slallas oSCalys o7 Sl il
S ol o a ie J RS 18 4 5k sdalie L
g Al @t (T 5 oy b s A28 SOl
Obj 028 S by Cl ol Sl h>0 o ljl & 5 (o
Sl s sls gl Pl e Ol N Gmiie

:5'”-)"

(Yw)

. Y1 = 0= X, = X, s0n (@,)
iftow =
y, >0=x,—0.

3535 (V) 5 OA) J =8 il 5 (YY) Ly, Q:‘;)I}l{o}flvﬁ
W el (%) OYslee 1 J gl dslan

X1+a)r Sgn (a)r)xl :O (Vf)

X, + @, son (w,) X, =0 (o)

4 9oy gl HluL (Y0) 5 (YF) SVsles o, #0 Sl amg b
:C,..'::br:»l_,;d”)\,;

X —0

if too :>{ %)

X, >0
S 255 ams Ol o (YO) 5 (YF) (YY) S¥sles & 4 55 b ol oo
sl (V) 5 OA) Jas bl L eolginy S5 i
0Lt yolaie 4 (ubm i3 )3 S (s i | @ =[eX e, e(,]g.b.w
logle b Oddarlsn 53 odd (b (JS ot 5 Sles 0315
Lal g S s 2ype 35 il Glaileas @l (il

s g
Silwamd b -F

2 £3Y Slagslodnd ((J5ES el 8 Slee pols i 6l

plsl olilazys an b jlas 2 S e by (Slew Joe 9,

@ dly Lulpd 50 oS 1S o Slas (o) jokate 4ol ol

Jol Hsile jo el oads Jlael dib 55 i Sl sla s
Wbge py OYobo b az o Juw oo, Baa
X, =3sint

y, = 3sin( 2t) )

gz e adsl CosBee (YY) dll, 4wy L
Sy (oHly gl Condge aizmen ol X, (0) = (0,0,1.1071)"
i VS o el ool ass S Ll o x(0) =(0,2,7/4)T
ol oal ools ioled (X, Y) by cosdse sy Sl

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ 25 aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

S5 P50 S pita GOy e (35 S g 5 5 b 0 ke i oS 1S b V¢

30
= actual
20¢ reference| -
10
B
= 0
-10
=20+
0 5 10 15 20 25 30 35

Time (Sec)
(y Sk &) (YA) G-fﬂ\{ol{)wwu.a:g—v‘)i.‘:

30 reference trajectory

= actual trajectory

200

-30 - : ‘ : : :

50 40 30 20 -0 0 10 20
X (m)

(T/\)@-J.«J:M\{X—y W))QQ)WWL&F:AJ&:

5 T
OF = = = = = = = P o O
= -5
S
E
L5}
-10 - =%
. _€\
15 i 3
0 5 10 15 20 25 30 35

Time (Sec)
Sl sl o ge 5 S| Condgo 4 bgyje gbsy slalles A s

((YA) & Jue 2bs))

sl 5 (e,,0)) by Jsb Sosdae 2bs) slalla G5 8 S8 o
oanliv ool oud woly iolas g, O, slagly cadse obo,
szl b 25 e Gl bzl oo jgile cul )5 a5 055 0
33 FFS i 0 Slos (p3lo L jelate 40 lL 5o Wl g e
QLY - S )0 sl o (gl Vo IS ccibizeo adg) Lyl
a adly ol wabise adgl Lulis Gl 4 oS 05l onmlie
o fbes ol lid sl waules (2b3) 1) S 990 @2 30 e (295
e e T S
30 ket sl Laylyd a5 o5 e sowlive sl oid (6 lvend
56 Co ) gz e & e CebS g Olej @z e

Pebes 23y &2 o e (Joa3 JB CI5 L Lol olS salgs

5 (e,,8,) by Job Susdoe (oo, lalhs & JSb 55 wdlea
el oas eols oled g, by glaggly cumdse b, slax
o) yho 4 S g &y ddsl slad 350 p0 3 4 398 e cualie
oW

o fdes oyh JyS el S gols lis jslate 4 aalol o
Slr Gmote Oles 5l e polie il 4 PSS o J 7S gt
odaliv enl oud (giluaned Sl lagly Cusdse 2o, slas
oS ity S N gt ol ke alS L S 552
aS el az g b andl b oo ali8l pasgaly Gy g 090 oo
sple sl o (S 65l Gl cel mgin Oley S
DS il il G ey b RS 55,0 e 03e
Sl @oeas b ol oo ol ol weSae alaly, (V4) 5 (VA)
Llo plsl JS (6550 g by sl e glasdlas h J oS

—h=0.2
= =h=0.5
seenh=0.8

3 4 5 6 7
Time (Sec)
b2 $l) A5 s Slas 535 N i 05 17 JSS

(W) o Slassls i 50

Wlse py SYobo b gz o oo obs) Ban pgo jgile o
X, = (20 +15c0s(0.2t) cos(0.2t) — 35)

y. = (20 +15c0s(0.2t) sin( 0.2t)) (¥A)

e e Al CesBee (VA) a4 axg L
by (Aly adgl Comdse uizen aBbex (0)=(0,0,7/2)"
Coley Sz el oas a8 s ki o x(0) =(-20,-5,7/3)"
ol 0l )y g Sl Joges iz L jeile cpl o lans
5 Sby Cundye Gloy lagal amlie iy 4 A 5V oSS

s oo LS az e slogeul L) Xy amias 0 Ol e

0 = actual
reference

-10]
E
e

-30

-40

0 5 10 15 20 25 30 35
Time (Sec)

(X Sl Slmis) (YA) @fﬂpop,wwuﬁ:dx—vp

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) oyl o)) o oJ 25 alos


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

v S5 P50 S pita GOy e (35 S g 5 5 b 0 piie i oS 1S b

@é\.ﬁ'« deee 61.9 Lb‘}é‘)’ﬁ.ﬁ =

Proceedings of the Institution of Mechanical
Engineers, Part K: Journal of Multi-body
Dynamics, vol. 229, pp. 97 — 108, 2014.

[4] M. Asif and M. J. Khan, “Feedforward and
Feedback Kinematic Controllers for Wheeled
Mobile Robot Trajectory Tracking,” Journal of
Automation and Control Engineering, vol. 83,
pp. 178-182, 2015.

[5] K. J. Kalinski and M. Mazur, “Optimal control
at energy performance index of the mobile
robots  following dynamically  created
trajectories,” Mechatronic, vol. 37, pp. 79-88,
2016.

[6] C. Samson,“Time-varying feedback stabilization
of car like wheeled mobile robot,” International
Journal of Robotics Research, vol. 12, pp. 55-
64, 1993.

[7] F. Pourboghrat and M. P. Karlsson, “Adaptive
control of  dynamicmobile  robotswith
nonholonomic constraints,” Computers &
Electrical Engineering, vol. 28, pp. 241-253,
2002.

[8] F. N. Matins, W. C. Celeste, R. Carelli, M.
Sarcinelli-Filno and T. F. Bastosfilho, “An
adaptive dynamic controller for autonomous
mobile robot trajectory tracking,”  Control
Engineering Practice, vol. 16, pp. 1354-1363,
2008.

[9]J. X. Xu, Z. Q. Guo and T. H. Lee, “Design and
Implementation of Integral Sliding-Mode
Control on an Underactuated Two-Wheeled
Mobile Robot,” IEEE Transactions on
Industrial Electronics, vol. 61, pp. 3672-3681,
2014.

[10] M. Asif, M. J. Khan and N. Cai, “Adaptive
sliding mode dynamic controller with integrator
in the loop for nonholonomic wheeled mobile
robot trajectory tracking,” Int. J. Control, vol.
87, pp. 964-975, 2014.

[11] Kh. A. Keymasi and S. Ali A. Moosavian,
“Adaptive Sliding Mode Control of a Wheeled
Mobile Robot Towing a Trailer,” Proceedings
of the Institution of Mechanical Engineers, Part
I: Jour of Sys and Control Eng, pp. 1 — 15,
2014.

[12] C. Y. Chen, T. H. S. Li, Y. C. Yeh and C. C.
Chang, “Design and implementation of an
adaptive sliding-mode dynamic controller for
wheeled mobile robots,” Mechatronics, vol. 19,
pp. 156-166, 20009.

[13] Kh. Shojaei, A. M. Shahri and A. Tarakameh,
“Adaptive feedback linearizing control of
nonholonomic wheeled mobile robots in
presence of parametric and nonparametric
uncertainties,” Robotics and Computer-

0
-10
20
-30 :
=50 40 30 -20 -10 0 10 20
x (m)
Loyl 2 I3l (YA) o o e (25 53 Dby 6o e iy S
Calizes ad
100 T T -
reference trajectory
~ ——actual trajectory
50
0
-
g
> 250
-100
-150 . {
-100 -50 0 50 100 150 200
X (m)

4.:551Ja;_\fi,L;ljlq(YA)g—,aJMdQ:))QQL:)ﬂ:g—\~J§.‘»

T e 3 030

S 15 xS -0

SIS (Hb Gl G RS Py i ol s
Db 4 g s s S a4 s pl s g s d
Sapssr 43 Lol S e Dl kg m e e b
lasgyy cewle gla g 5 OBl b aslsl 53l osl> 4w g
S 3 38 gl e G5l Gl e (IS
Tl Al @3l 0aiSU ST gbs s glast &Sl (b5l 5 Jubos
25238 JF g 3usm e ST ol (550 5 0
e ol 3 Shes (Cibises laygle 53 lagiluans mb okl
Sl Olaly B s, ge Colual 4 Sy 5 (oolgiiy J S

&y

[1] C.Wang, Z. Liang and Q. Jia, “Dynamic
feedback robust stabilization of nonholonomic
mobile robots based on visual servoing,”
Journal of Control Theory Application., vol. 8,
pp. 139-144, 2010.

[2] S. Blazi¢, “A novel trajectory-tracking control law
for wheeled mobile robots,” Mechatronics
Robotics and Autonomous Systems., vol. 59, pp.
1001-1007, 2011.

[3] A. Keymasi, B. M. Rahimi and S. Ali. A.
Moosavian, ‘“Non-Model-Based Control for a
Wheeled Mobile Robot Towing two Trailers,”

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ 25 aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.2.9]

S5 P50 S pita GOy e (35 S g 5 5 b 0 ke i oS 1S b A

@é\.ﬁ'« dezee 61.9 Lb‘}é‘)’ﬁ.ﬁ =

[21] D. Gu and H. Hu, “Design Receding Horizon
Tracking Control of Wheeled Mobile Robots,”
IEEE Transactions on Robotics, vol. 14, pp.
743 — 749, 2006.

Tt Obyde 3 by . N5 SN z (Sl - [YY]
bl gz U b G5 b e 5 RS s s e
02 D o (S e Mgl Sls 2 B S e e 3

AN FY-0)

[23] H. Mirzaeinejad and M. Mirzaei, “A novel
method for non-linear control of wheel slip in
anti-lock braking systems,” Control
Engineering Practice, vol. 18, pp. 918-926,
2010.

[24] H. Mirzaeinejad and M. Mirzaei, “A new
approach for modelling and control of two-
wheel anti-lock brake systems”, Proc IMechE
Part K: J Multi-body Dynamics, vol. 225, pp.
179-192, 2011.

[25] H. Mirzaeinejad, M. Mirzaei and R. Kazemi,
“Enhancement of vehicle braking performance
on split-k roads using optimal integrated control
of steering and braking systems,” Proc IMechE
Part K: J Multi-body Dynamics, vol. 230, pp.
401-415, 2016.

[26] Y. Kanayama, Y. Kimura, F. Miyazaki and T.
Noguchi, “A stable tracking control method for
an autonomous mobile robot,” International
Conference on Robotics and Automation,
USA, pp. 384-389, 1990.

[271 W. H. Chen, D. J. Balance and P. J. Gawthrop,
“Optimal control of nonlinear systems: a
predictive control approach,” Automatica, vol.
39, pp. 633-641, 2003.

[28] J .J .E. Slotine and W. Li, “Applied Nonlinear
Control,” Prentice-Hall, Englewood Cliffs,
1991.

Integrated Manufacturing, vol 27, pp.194-204,
2011.

[14] Kh. A. Keymasi and S. Ali A. Moosavian,
“Robust Adaptive Controller for a Tractor-
Trailer Mobile Robot,” IEEE-ASME
Transactions on Mechatronics, vol 19, pp 943 —
953, 2014.

[15] S.G.Tzafestas, K.M. Deliparaschos and G.P.
Moustris, “Fuzzy logic path tracking control for
autonomous  non-holonomicmobile  robots:
design of system on a chip,” Robotics and
Autonomous Systems, vol. 58, pp. 1017-1027,
2010.

[16] Z. P. Jinag and H. Nijmeijer, “control of mobile
robots: A case study in backstepping,” Robotics
and Autonomous Systems, vol. 33, pp. 1393-
1399, 1997.

[17] R. Fierro and F. L. Lewis, “Control of a
nonholonomic mobile robot: Backstepping
kinematics into dynamics,” In Proc. 34th IEEE
CDC,New Orleans, LA, pp. 3805-3810, 1995.

[18] R. J. Wai and C. M. Liu, “Design of dynamic
petri recurrent fuzzy neural network and its
application to path-tracking control of
nonholonomic mobile robot,” Computers &
Electrical Engineering, vol. 56, pp. 2667-2683,
20009.

[19] M. H. Khooban, “Design an intelligent
proportional-derivative (PD) feedback
linearization control for nonholonomic-wheeled

mobile robot,” Journal of Intelligent & Fuzzy
Systems, vol. 26, pp. 1833-1843, 2014.

[20] P. Coelho and U. Nunes, “Design Path-
following control of mobile robots in
presence of uncertainties,” IEEE Transactions
on Robotics, vol. 21, pp. 252 — 261, 2005.

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) oyl o)) o oJ 25 alos


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.2.9
https://joc-isice.ir/article-1-362-en.html
http://www.tcpdf.org

