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Tracking Control of Unmanned Surface Vessels with Nonlinear Sliding Mode
Method in Presence of Fixed & Moving Obstacles
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ABSTRACT

In this paper, tracking control of unmanned surface vessels by using the robust mode sliding control in the presence of
fixed and moving obstacles are investigated. The mathematical model of vessels is in three degree of freedom (3DOF)
and only contains the kinematics and dynamics of relevant to surge, sway and yaw. These vessels are controlled in
under actuated manner; although they have (3DOF), but only are equipped to two actuators in direction of surge and
yaw. Next, we are used the mode sliding control method and introduced the first and second order of sliding surfaces as
a function of tracking errors in direction of surge and yaw. Based on Lyapunov stability method, stability of dynamics
of error has been proven. Then, we have put the fixed and moving obstacles in the trajectory of vessels to examine the
safe crossing ability of them. Finally, numerical simulations are implemented to demonstrate the validity of proposed
controllers.
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1- Unmanned Surface Vessels (USVs)
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3- Unmanned Aerial Vehicles (UAVS)

4- Unmanned Maritime Vehicles (UMVs)
5- Body-Fixed Frame



\'Y

o9l 5O i (9l (aw e yglil o, S

alnco g S0 8 Y
(sl a0 ds Sy =y (b ol (Slesl, Jae
4555l 3B jemme Jo> hgs 9 (o250« Job slalin) o
¥l D4 g0 Bpogl

x=ucos(y)—vsin(y)

y =usin(y)+vcos(y) ()
y=r
u—i(r +my,vr —d,,u)

rnll u 22 11

1 E
) =—(— —d —_ 4]
Y mzz( m,,ur 22v)+mzz

. 1
t =m—(z-r —(my, —my, )uv—d,r)

53
Lgs S — o gl (1) (Sailois Joo
el ol (g3lwos pid 45 alal,
=R(y)v )
5 s slabil, o Lacabge n=[%y,pr] o o a5
Sl Cozlz o 4 aien s gl 5 20
e s oaiLas V=,V ] slons Gy pas ol — e
Slaize ogz)lr o8 Col 5l 55 R(Y) sl sl
23 Sl mpr Glale oozlz 4]y Sl (e
Py 5 ) Sl my s My, oMy s e Jlal
S glap 5 Ay g 0y, ol ] Holids oaliongdl
LS 70 Caon jglS 5 7, (Jobo 59 caiinn Jlw
TS Sa S B i wililw slasss)g
S o0 B )0 S ) (sl

Xg = Uy Cos(yy ) -V, sin(yy)

Yy = Ug sin(y, )+V, cos(yy)

Wy =T ™
. 1
u, = _(Tud +MyVyly —d; Uy )

1
. 1 R 3
Vg =— (_mnud fy _dzzvd)+E

2
) 1 )
Iy = _(Trd —(My, =My Uy, — gt )

My,

5 S5l )y a0 aloula Yy 5 Yy Xy ol o as
Tud | & Sy rd 9 Vd ‘Ud Ao J)D cbj‘)

SS9y 0 s B aiiie Gollae J S slasogyg 7y 9

o pled acul oad sleag [V -] s JBusle S s IS
22y 5 Sl Slegdge J> sl by, S )]
ol slgiiny Tode 4 et oSS 5l eslitl b «pas
o 200 Bl (59, 1) 6 s slo,lS [yl o v5°
Hobas b, sansS S o D] o Mie sl ools ploxl
B o e SG 5ol B Sl 00,5 &l 151,58 g ilore
So by 4 S 0l cade gld Slaite ezl o )
J—uS a5 [vfl 59 ol il it o L lg s
] d_lﬁ-loﬁ | Span ;?Lja....: dl.ﬁb”l;.io LS"'"‘.‘&“:‘.‘)T
5 oas Uiy, S LVl e G lSen o "o Sl
S (S 28 — 5 (P Hols S S sl akes a8
7 Sl gl el 00,0 0 SYL GOl (L35 06 plgre
oy s dw l nl s gy azme J S cov b,
el a23)5 L5 o 1) YL AS e

st gt Sy ol Uy Al e cadlie oyl 4o
b9y 3 eoliwl Ly Syl 5 ol wilge jpam )0 (il e
dw ‘Si.ml_.ub JJ._.A LQ)SL;_{Z: G 00 o ‘s.ujxj KV
f0iloads S SG o — 5 Oy g aily ol ax o
oJﬁu 90 o5 Lol ol (g0l amy0 4w ol aS T L e

A4 . 1

Solis 6l @Sl jeoe Jo= g s ek slabial) o
S S o 9 by el a8y (b gl
o g0 cslol o I¥] Wl oo Lt polie J S slasg,
Jﬁ‘u)ﬁwﬂéh_w&‘w ‘o..\_w;.o_:).t.»w).&]
gh So g Pk bl Gl b, slallas sy
(o w38 jee Jo> (lhed sliwly (sl pod e 053
Ll ool G xS 3] C}Ja_w > dyl.:u é.gb"
23S e (213, (2l Ken g 50l sllas Selins (55lk
B oy 5l ol 5l o oS Sl oy lae e as |,
Sl omea! slalols b wilgny joliss b 0uiS so oolaziw] Junsly
s ol g Qlaebl b g3 ol pu Sy 5 2ol @l
L asloads ools yioled (o0e sl g jlwancss wulys jo auS
DS 00l ) ool solaul J S bg,y eyl g Cono

8- Yaw Angle

1- GHommam

2- Back-Stepping

3- Do, K.D.

4- ZHuang, L., Dong
5- Actuator

6- Surge

7- Yaw



VY48 e o o)lot VY ol dLiblon SlSa by - cale anlibad

\f

7, Job sbwl) glp J 5 gl -)-Y

S oo Sl 5 O 9oy (B33 e SG Le

t Y

Sl=ue+ﬂlj‘ue (7)dr on
0

ol 5518 4 (V) dolee Jloj 3iie A, >0 S

S, =U, + AU, )

e (YY) 0 (M) doles (6,151 L

: 1
S, = E((ru ~ Ty )+ My, (V =Vt ) =y, )+ A,
1
A\o)
=%(Vr_vdrd)+[ﬂi_h]ue+i(ru _Tud)
mll 1 rnll
oS o ] g ol 1, Joles 1S 58
Tueq =Tu _m22 (Vr—vdrd)_(rnllﬂ’l_dll)ue %)

1 el b Sy Lo ¢ Kty i sy (30,5 Cns Gam |y

_ A
S oy dle Bl slray

1 S, > A
sat[ij _ [S_J (S_J <1 Ov)
A]. Al Al

-1, S, <-A;

oS o0 >k 2y Sogenr |y Job S5 5 e
S

T, = Tyoq — 7,50 (A_j (\A)
A >0 @S

&b So oo S 9 Sbedl gy ol sl J>
: (QR))

\A :Emnslz

D9 o0 Jeol> 4555l (V) dolae Sloj i

vl = mllsls.l =m,S, [ue +ﬂ'1ue]

= mnsl[%(vr—vrj r, )+[/11 —h]ue +i(ru ~T, )]

1 1 My
:Sl[mZZ (Vr_Vdrd)‘F(mnﬁi_dn)ue+(Tu_Tud )] )

[l

1- Chattering Phenomena
2- Saturation Function
3- Sign Function

Sl JLasil eyl SO (Byme b ocanl Lzl o 1>
139 g0 Az (V) (Soslodw alolas

R(¥)R () =R (v)R(y)=1 *)
det(R(y))=1 )
o 9
u =xcos(y )+ ysin(y)
U =%cos(y )+ ysin(y)+vr
v

v =—xsin(y)+ycos(y) M)
v =-%sin(y)+ycos(y)-ur

Cwddn 05 Oygods wollae slace juw (A) dolre aslive
Ug =X, c0S(wy )+ Yy sin(wy)

Uy =X, €0S(wy )+ ¥y sin(wy ) +V,r,
Vg ==X, Sin(yy )+ Y, cos(yy)

Vg ==X, sin(y, )+ Y, c0s (g ) —Ugry

g go iy a3 agS nl Lallas

Q)

U, =u-—u,
v, =V-, 0
rL=r—r,
gd e Jol ) D)o s Salis Soles 5o
. 1
U, = —((7, —7ug )+ My, (VP =V, 1y ) —dyu, )
m,
ve = i(_rnlluerd _dzzve _ure) av
My,
) 1
e = _((Tr =g )= (M, —=my ) (v —u,v, )_d33re)
My

Jrs (= lb -

99 3l ooliial Ly S o0 — 5 (rbaw 5l J7uST jolanedy
b LaoaS I8 gl | ad e 93 Lo« 505 (639
>k T Jeb sty S8 opl8 el oS o
7 el S S OglS ipgs adag )3 5 S (o
sl 00 iy S ol sl eans el 00 b
g o=l At Oy Ol 5o aibols Sl s a0
2L e L) e (al 4 oy byd digd oo S
S (g0 5 Syl

1 v

V=28
2

A o,y b b el e (VY) dobae Jundl 2y a8
>0 aSV=SS<—y[S|<0 a5 coul ol (o3a) pbans



V0

o9l 5O i (9l (aw e yglil o, S

Cayal )y Oygod T, (S5 e S 066 (plpls

TR

S
p-7n sat(zJ
A, ry)

q
B ml g el 0SS 7 JS 0B q=0 &S s
U0 a5 S o (5,8 e ol Jod
Sl Sginld s S 5 (b whe cnl sl J
de o a Dloo) s eas lis @Bly )3 U oS o0
S e

T, =Ty +

Vv, = % m,,m,,S> xY)

laaoles 5l ooliwl g (YY) doles 5 Sloj (65 Giin b
oS gyl 1) 5 ddobee puilsi oo (F) 5 (YY)
vz = mzzmssszsz

q Ty =Ty )™ p
= m22m3382 {#} (YY)

m22 m33

o[l

b 4 oy byb og il Ol g, =mymyy, S
29 o0 Jol> (s34
vz = m22ms3szsz < —MyMy,7, |SZ| AR

ol Julos -F

69555 5LiS 5 7, sk sliwl; )0 (695,55, 1) Andd
Josl wsload ole (¥1) s QA L aS 7, e (sl 4o
U SR P LN YN LV NI I GO S| I )
Pogime g g —(839,9 ol i K% 5
wn]

(YY) Gloddoles o33 o 4 o) Lol 10 Co 1ol
S T, Cao gl o iS5 7, Jsb goym «(FF) 5
Aolodds olou! g dawgy ciloads ools (YY) g (VA) &¥oles jo
ot oS ams Labed a0l S il
Slao 4y wgaowe Gloj SO o Aulg oo allel sl o
052 9 N (YY) 5 (OVF) loddolee ;o oaid iy pai 053]
LaoaiiS' ;S azeil )0 cinw j o0 wgllae 4 Sgamme Jloj )0
i b (ilre &g

2- Bounded-Input Bounded-Output (BIBO)

D9 glyZil 55 Oygoa Gl oo (o33
vl = n]llSlSl < _mll71|81| ARY
\ . on

T, Coomw gliwly glp J oS B -V-Y

gm0y ¢ 5090 A po jll oled jebay bja mlas 5l

S (o0 By )
t

S, =V, +24V, + 2 |V, (7)dz ")
0

A, >0 &S

g o0 Jrol> 355 nl (YY) dolas o) 5iie

S, =V +2,V, + A2V, v

o2l (T7) 55 (1)) 5 () slaaloleo (5Kl L
1

v, = - (—my, (U,ry +u.r, ) —d,V, —my, (ur, +ury) (v
22
-1 . ) . .
M :—mzz (my, (Ugry +u,8,)+d,,V, +myur,) XD
) m,
Ve = M __1ure %)

22

$, =M - yp 120y, + A%,
m

22
=M —EMU(UV—UdVd )
m22 m33
m22 m33
m, 1 ; 2
——u(7, — 7, )+ 2V, + 4V,
m22 m33
[‘e-*-*sgs" ‘-“L""‘-" R SCyped ‘) Treq JQL"“ J)"“S uﬁ-‘L"
Treq =T +R (YA)
q
p = my,m;;M
—my, (M, —m,, Ju(uv—u,v, ) (Y2)
+my,dur, + 2V, + A2V,
q=m,u )
1- Yaw



VYA e F o )lod VY il Lidlon SolSia  Ligy - ool aalilad

S ygmoiny Blo 35 50 g 3l (e dbold 05 s> (X, Y,)
Y4 Sgd o0 Al 53
=) +(y= o)’ o
oL55T el Ry @lo 5l e sl |y ool alole 51 >
3)ly Loy @Blos 51 (6595 i yo S 352 )18 5 Loy ST
g e Jos
r<R,+Ry t
gs—ozme 3l o 35 50 5 5l (e abold ST %00 Sl 4y
w23 90 Blo sl (Sl 09l FS el alols 5 e glad
9y Jlesl L L oS (B | (il 06 0L Jl>
ety 25 cnl 058 ] 0,55 5 pae 5 (5590 el glids
il ond (Byme 5 g0t

F:k(x—xo)ii_ 1 J (F)

g r’ r R, +Ry
- k(y—yo) 1 1 (V)
Fy - 2 o
r r R, +Ry

Sy bleacd Jlesl Glag s cud Say Fy s Foolpoas
alols Y gX slabinly jo s gay el a4y Jeily loe
0yt o S Kl ’)—:5‘)5 ol — oy laizea

Bl S1as conl 1 Jblay 55 ———— 65 5 Conl Cuie
R0+Rsaf

S TTIPLIE-JC S U S PR U SIS S SR
& P . . . Y M . . .-
3L andly wile LS, (Slg) g e seee wlo

O ygodn xilge b 8y95 5l Ol (b pd 006

g ddleS 5
if r <R, +Ry
E _k(x=x,) 11
g r? r R,+Ry ¥
_k(y—yo) 1 1
F = 2 v
r r R +Ry
else
end

oS S an Fy g Fpogogd ol 558 byt 5]
aily 15 oLS T eigs L3l e caodle by | o (gl

1- Global
2- Smooth
3- Yaw

\5
t

u, >0=> _[ue (r)dz—>0=>x > X, (o)
0
t

v, >0=> 'ﬁ/e (r)dz—>0=>y >y, (¥%)
0

ol & agly 45 5,5 eules ol s anlsl jo g
Sgdmme — o9 ,5 dgdtre —(§39,9 « S, — o (el
S o 2l ) 5 Beibl) bl
V3 = 1 r2 (Y‘V)
2
(ol (YY) 5l 38,8 i g (7) adasl, 5l ooliasl b

. . -m d 1
V3 =rr= F{MUV—iI’+—Tr:|
LU LU My,

d -m A
—ﬁerr—(mll 22)uerrir,r
m33 m33 m33
< prv3+:ur
-m 1 2d
sehole g 1, =Muvr+—rrr cpp=—2 a8
m33 m33 m33
r U"J‘L"’SV3<O alfQT ‘r‘>|:(mll_”:2)uv+rr:| as
el JoplS

&lgo b 5y95 p I ool -0
3 e @le 5l Hee o yesl g A5 4 o3 o
by aslodd ath S L5 1o 0,ls &yt ailga el
2 Ele as cul ol w555 5l ol e sl ol L
2 0y 18 Hglid (e g (gad e edgame 5o dul
e oo Gloled Ry, L1y Sy, S o glads azs
o gt 5l S lalols o Bl STas ol e
A aelys eoly il 0,5 18 4kt d <Ry, K
L crosponlpo il polid ol 4t ololit e 45 Jl>

Comws 31 bl STl jobay .ano el 1, ol yogd
o)mgubqjy)asl.?@”@o)i@&.wl)
2 STl 0,5 salgss sl o] o8 > gl selie 0,50
warrid |y w5l blas b s ¢jglids &5 > sl
a Sl 5l 0gd Jled silo 5l (6,90 a3l Sl oo
) mils g olyg, Olaize wld ool jaseis vl il
SrSoill B it slaceadse ol —pur ozl
5 Ry o glo 55 50 Cmdye 5 glad oizman (X Y)



\Y

o9l 5O i (9l (aw e yglil o, S

Y Position (m)

e e e e e N

X Position (m)

ol @le ans 5l yge )3 Holidh e (2L, 1(B) S5

15

10

Y Position (m)
o

-10

155 -10 -5 0 5 10 15
X Position (m)

S e Blo 3l jgae 5o il e b, (F) S

it {m)

8

E

X Position Error (m)
P S N
T T

LY

Distance Between Obstacle & Agent
3

=

L

WWN \ N N

250 3
r-mus]

Oles Job 5o 5ol 9 S e @ilo (o alald (V) Sl

L L
50 00 150 200 250 300
Time (s)

S e @le jpa> 0 Jsb obs, slas (A) S

ged il wlge b 9,95 5l (655 5l

GO sl lwans -7
ey Bl gl | gilwand S b cwond pl o
Loyl oS o0 Pk S Geld sl alis
1ol A ) ,l,8 4 g lwad
(M, m,,,my, ) = (1.956,2.405,0.043)
dy, dzz,d ) = (2.436,12.992,0.0564)
X ) (10xcos(0.2t),10xsin (0.2t ))

(
(3%
(x() >)=(o,o,§j
(4(0).¥(0).r(0)=(0.0.0)

2 e ]y Sl Bl aw g S e mile o b peizren
S S B

(Xeu» Yot ) = (0.05t,0.05t)

(%51 Yos ) = (0,-10), (Xes» Yos ) = (~10,0),

(Xos: Yos ) =(83)

Rsaf =4 u—"-" Mb?)—‘“’ Ro =1 6‘9-4)‘ ﬁ‘v\sﬂ &l*'*’
oub asd,S 1 5, e ;=6 4 k=50 B D

(A2 DDy 7157, ) = (1.5,3,0.01,0.05,0.1,0.002)

D

Surge Positian (m)
~

h / \ \ ;
\ / \ \
\\/ - -

50
Time s)

&lye Sl )3 Holid e (Job 2l (F) S5

—

T
¥d|
10- / /\ \ 4
E s/ / \ N /4
H / / 5 / \ a
E ol / \ \ /o
> I3
L :
\ A
)
10 4
5 | | | | |
o 10 20 30 40 50 60 0 80 50 100

Time (8)



VY48 e o o)lot VY ol dLiblon SlSa by - cale anlibad

YA

ol a0 aw jgls ( Solus Jaw aS T b s diloas
slasi (adly ;0 g 953 oo >l S e g0 s Ll ccl
o) i 9o el gol3T Sl o slass 1 58S S e
Sl e ol slalad e ppgs g Jol e
g edd iyl (LB jeome Jo> 0yg0 5 Job slalil,
S wslle J55 lgh bl s, 5 oozl L adl
yebban L5 o ,0l8 S yiled cpl o b S e
3905 g 334l 0 S8 o1, S ey 6 ise
5 sy 31 bl adgs |y Cgllas slasdgyg | sny 4 3
ol ol b oalial wlge b 3,55 1 51 olizml sl msiliy
SLwly 53 35290 S yzme )3 45 witus olojslias &dly s
A GBS el B 0gd e obml @36 H9me Jo> ()90
DS S S S S A jemme ) H5led Bl
b 5 0 cloeaisS S b sanlie 45 jsblas
0L 1, gl Legazmo codd Jiosl Juuilty ailss 5 0did
g gols )l 8 g lhe e ol 055 4 cEle sl
350055 seme el yyboan Lagl 5l eailse 0925 )50
o=l 3 S0k GLa)lS sl 05y Sl lapT L o555
9 &lge yo—am 0 i o pl)l S )y >
S Sl A5 iy 52058 s e 55,5 s

g oo Slpadin )l 3929 (e cpl jo bl ol

&l —A

1. Bertram, V. "Unmanned Surface Vehicles — A

Survey", Skibsteknisk  Selskab, Copenhagen,
Denmark, 2008.
2. Nuno A. Cruz. “Autonomous Underwater

Vehicles”, In-Tec, 2011.

3. Yu, R, Zhu, Q. Xia, G. and Liu, Z. "Sliding Mode
Tracking Control of an underactuated Surface
Vessel", IET Control Theory & Applications,
Vol. 6, No. 3, pp. 461-466, 2012.

4. Wichlund, K.Y., Sordalen, O.J. and Egeland, O.
"Control Properties of Underactuated Vehicles",
Proc. IEEE Int. Conf. on Robotics and Automation,
pp. 2009-2014. 1995.

5. Godhavn, J.M., Fossen, T.l. and Berge, S.P.
"Nonlinear Adaptive Backstepping Designs for
Tracking Control of Ships"”, Int. J. Adapt. Control
Signal Process, Vol. 12, pp. 649-670, 1998.

1- Chattering Phenomena
2- Smooth

¥ Position Error (m)

S e Bl jgax )0 (o050 2bo) sl (R) YK

(sl Lasg 1 (glo gl yane s, (F) 5 (F) (sla UL
4Sssboles was s (i (e 5 (Job laliul, o
Colhe e 4 (2SS Glajine 5l ey Hsled Sl
Slzl 6ln 1) ot QB e B JS3 090 oo |Son
odalice a5 sb lan ans ol Coll mile 4w b 0,95 5 3l
B gl ogdlae pe ol s LB glo 9 09 oo
oS jee LT 5l el jsboay ol ol jsliss o il S
S e Ble sl ple) ln 1) el S e & S
L jslis aS ol o] 5o USCs ol Canlie ams oo o)l
Tz el 00 5 s gl 0l @) 90 wile oS Sl
ool SlaAlold s (a0 s VL) ol g5l 5l a5 aas 6
ey o 0l & S e wle aS Gl 1 ey Lol 0SS 9e
2365 G 02l 23) ol iy ) Gl (glalole b sl !
Wl 90 0 mle 1 BB oslail 4y mile £85 colyd jo aiS o
4 0pld 9y 5 anbioo 5L 1y 093 adsl Cgllas e j5lils
Blo &S > 00y Guloed ez ap3 oo aeldl 595 oS >
V S fagas 5l L wsd byl IS5 (55, o
5 S i aile ey Alold o ms HLaS 1 gyl ooliul

=

Wl o b (69,95 5 @l 50 5 00l fho oloma 5Lt
Blo s o 1) Hekd pbsy sla 55 A g A gl ss
3o L a5 055 oo oanline ams oo lid S i
degoro jl09d o [ Ken Hio 4 (S it wle (B9
odb >l SlaoassS ]S 4S5 285w plgi o0 b S0
g e, S 1 8ea collie jous ] 5lid a5 05,08 (p954

5,9 Plizl &lge b o555

S dom =V
Oy O b sl S b,y S allie ol o
5 eS8 adllae 3)50 S e 5 il wlge jpl 5
53 o palie J S b, 5l Leea s ]S b
JoS So o8 — ) ysbay 5 b jslids ol ol ooliil



'4

o9l 5O i (9l (aw e yglil o, S

11. Ghommam, J. Mnif, F. and Derbel. N. "Global
Stabilization and  Tracking Control of
Underactuated Surface Vessels", IET Control
Theory Appl, Vol. 4, No. 1, pp. 71-88, 2010.

12.Do, K.D. and Pan. J. "Control of Ships and
Underwater Vehicles", Springer, 2009.

13.Do, K.D., Jiang, Z.P. and Pan. J. "Underactuated
Ship Global Tracking under Relaxed Conditions",
IEEE Transactions on Automatic Control, Vol. 47,
No. 9, pp. 1529-1536, 2002.

14.Do. K.D. "Formation Control of Underactuated
Ships with Elliptical Shape Approximation and
limited Communication Ranges", Automatica, Vol.
48, pp. 1380-1388, 2012.

15. Zhuang, L., Dong, B. and Guo. Z. "Higher Sliding
Mode Tracking Control for Underactuated Surface
Vessel™, In Proceedings of 2013 Chinese Intelligent
Automation Conference, pp. 569-578. Springer
Berlin Heidelberg, 2013.

16. Lounis, A., Benzerrouk, A. and Philippe Martinet.
"Mobile  Robot  Navigation in  Cluttered
Environment using Reactive Elliptic Trajectories",
In 18th IFAC World Congress, 2011.

6. Pettersen, K.Y. and Nijmeijer, H. "Global Practical
Stabilization and Tracking for an Underactuated
Ship -A Combined Averaging and Backstepping
Approach”, Model. Identif. Control, Vol. 20, No. 4,
pp. 189-199, 1999.

7. Pettersen, K.Y. and Nijmeijer, H. "Tracking Control
of an Underactuated Surface Vessel", Proc. IEEE
Conf. on Decision and Control, Tampa, Florida, pp.
4561-4566, 1998.

8. Behal, A., Dawson, D. and et al. "Tracking and
Regulation Control of an Underactuated Surface
Vessel with Nonintegrable Dynamics”, IEEE
Transactions on Automatic Control, Vol. 47, No. 3,
pp. 495-500, 2002.

9. Dixon, W., Dawson, D. and et al. "Robust Tracking
and Regulation Control for Mobile Robots",
Proceedings of IEEE Conference on Control and
application, Vol. 2, No. 1, pp. 1015-1020, 1999.

10.Jiang, Z.P. "Global Tracking Control of
Underactuated Ships by Lyapunov’s Direct
Method", Automatica, Vol. 38, No. 2, pp. 301-309,
20009.



	1
	First Page-1
	Main(2)

	2
	1753 - 1
	1753-2
	Blank Page

	3
	1
	2

	4
	1802-1
	1802-2

	5
	1763 - 1
	1763-2

	6
	1801-1(1)finallll
	1801-2 (1)finalllll
	Blank Page


	7
	force FGM-1
	force FGM- 2
	Blank Page

	8
	abstract2
	Revised paper

	هیات تحریریه و داوران



