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In the recent years, different mathematical models are suggested for maneuvering of
displacement vessels that are capable of estimation of vessel maneuvers with
acceptable precision. These mathematical models are based on determined
hydrodynamic coefficients and their accuracy depends on the known coefficients used
to solve the mathematical model. System identification methods are developed to
calculate these coefficients utilizing input and output data obtained from different
sources. In this paper different maneuvers are executed through free running model
tests of a container ship. The hydrodynamic coefficients in the mathematical model
are determined by the Extended Kalman Filter (EKF) method. Then the mathematical
model is solved and different maneuvers are simulated by coefficients calculated from
the experiments. Simulations are validated by model tests. Finally the influence of
rudder angle and advance speed on turning circle is studied. The mathematical model
and hydrodynamic coefficients presented in this paper can be applied for optimization
of ship maneuvering performance and course control purposes.

Y4


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

Uilyeer Jaw slacens g plagw (ololid (g, SaS 4y by jsliss jgile Sl o auloee /o)) San g 0oly >l sl

SSealiss 5 Sl Lalyd s aiails o5 wishoe 05y
il oo 60k
Ol 4 layslid ol (g5l Joms ) 5o Lot dlad (]l
odds zlgel Hgile JulS w¥olas a5 00,5 0 2 VAFE gmangls
OLtd Hgle ;9 jans Lad> 5 335 )93 (2Uly5 oy (Siuly
39l L)ool g 4l Hgwagls Lulg, ol oud o3l
5 i saime g, L Fe 9 00 ams o [V]atib o ek
85 Jom Jhle an Loy tils 059 5 bajglits ol (aldl
o=l 0wl a8 )8 18 as gl 050 Jlinn 20,5k el LB
bﬁ)u).; )L..m.‘ UL.M aS Cewl 0oy dj‘)l ‘;ul...ul L.S)B'i" 99 0,90
1 . v v 1 . .
g 5| 52550 jomdsn TMMG 57 52,5501 (6555 il oo
b e b ysliss gl ane) yo HllRiay 51 S S lls oLy
U Olyie 4 (S8 5 0ly sl sl Jeie (55 (55
S o SYolso 3l 6,5 1,0l g 5l =S > Slasiv 5
Jyone gloygile (b 50 5l &8 1 s (05 Cowy S
56T sz @l g sl ol el S5 s Gaios ol o
Ole yslid (s 5ile (Sualindgyian Slasuiv Cuald pae
90 g pyeilS ol G oolaiwl 050 (sla, gl Jow el ool
Sl 5 9 9k Olas 9 gl g @ Loy g 9Bl (o0 KU Joo b
Iflee
S sl &5 g pSeale slojsbiss Hgile (Sealing o olo
dnlie 0,50 Cod @l b g oad (g5lw and slopls
1Y PO PRV
Jod 0,90 a5 Cwl GV Sae oLLLE jslis [Lsls ax S
u‘)LoL:lS )9.’[@ o)l.g)o G393 (9,50 Lngoé‘o Lol el 00l 63‘5
Sladss 5l Lan g o)l 092y Jslee 59,9k ,0 slalal b o
A o sl |y GhLLE Lele o S sam g)lubl os>s
LWL sl Sy jgile 68, 5l 62 S0 (951 sy (sl
Ll gy, » Seleters slogialel Gl o
slacl g OF slo Boe b (Jgliste 63,5l 50 Lulpd yo (e (Hilw
C.>L~: REIT BPR W lﬂl.?u‘ p.la...a C‘}A‘ 9 lﬂ‘)] u] B usLQ...A &9)3
C"L“’ (T Como glp Klg R G ol o e ol g
[?]..\.'9) <° )lS A (gous
S35 245 Ty SBgyd et Slp s3%e by, S dlie nl 5o
3eolaiul b wiS o Jes zlgsl jo aiay aix slayslis eile
Sled 31 o plol s U s 4w ol b i
P Sl Gble 4 il oals ool S GeSuny b,

doddo —

S a5 Sl B o Sl sk lajglid b Ji5 5 Jo
bl gl o ogas 4 e b il 0)55 ol slasles |
O 3 S| Sazap bl 4 Gely o s sl
ke wils lael o oyt eile ol Sjlas slaonsay
J rSsle Gy ate Slegdss glasl 5 ol Wl o L5l
Jsd B slagsluans ol plo adlbioe Sazgn 5 polas
35 9550 Wl 5l g S sl 5 Bolai 5T gl aygliss jsile ol
I]eawl

S Slegoge 51 (SO gile Jl o jelid o S o i
Lo jglid Hgilo ol boyglid Sioliydg,0ud gy 5o 4265 9,90
ol g s ie Guld a4 canb Gl a5 el slonsyy
b byl Gl sleghs, slcasgame ol
S hlyy p e e Hob 4 el gt sl
o9y el 005 Juw o L Sledbl SOL 1 sasel canny
B5le walyo g 22k, Joe 5l (225 SOl S s
75 Sy s oS o &b ol ] o Sl o 5
Gy ghlod das — (0,55 dad Sl g, 3l L wiloads Al
Silodal

oo sl 4 o Eabse S plT OT o jelid jsile i i
Oh (raiz &5 ogdioe pled Ced IS (B (Jl e w0y,
5l s gl olmlone Y las Soliys 51 ealitol b glie
b (O] 0B Gamle lo p ogdle 09l 48 ,S 5Ll ol
o e gl ook ol a5l ool Joe bassle
P8 Oy (Seebugyas jsile LIS e gl e
)l gy o0 )15 A L2k, Jow

Sl DYl Salis 9 b, Joo iloand slobs,
o ygld sl ol s G slp (Sop wilwad slaghy,
3 pelieS L sol; Joe silwand Slawls oy aiil oo
ks 2leds) iz ) el (Slowbre SVl Sl (e
ol pexd Sl Juw jleslaiul b oS > wYolee Jo 4 5L
aids S 4y Lo (2L, Jos ilotnd il psile il
Saligs 45 o o s 5l il 055 Ltale)] s sl oylos
@ e ol ole o L atis pair 4 Slele SYL
L slaal j9) oo ojlal g (il s (3l Johe 9 Y5295
S Vb o Shae Slsbns o g oS ooliitl 4y 25 5 Lmass
5 b sldoe glminl Gl ok Gleo Sl s 5o 4y o)l
10 0929 zlael bl i (gl ogar 4 ob cdo b gl LSl S
Sefie Jao cedjoile Colo gl Sl Cua olse i o
IS & (lopls &8 o5 2 653k glacions b (sl p3ilSa


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

(FA-Y) AF el o )le (Y VD)p203b Jlo by cwaige 4,25 /) Kan 5 00ly > sloews

s 2ol g Cage dayglid (Sealindg,aee slos )5
IERRE T A AP TN [P UV S R
50 ol igd 00 ress ailg o Ll 993 ialej] (s0g0me
iy e gl 35 L e Jow glacens a5 cl
el 5L 550
S 2 185 aBlge iz pdy CuiSSl il Ky Al calls
I Soliss pios § Gl sg5 0l (5 S ojlail slaosls
S Pl lp 1) pladooly a5 conl 0B 5 W00 mes
S by il allS Vsl pal 3 S (595 50 sl
o Jolind s 4 il 5 aslge LS GallS | b5 i g5
@ 5 09b o0 grhe ot i Sl eSS (6595 )0 ooy S
5955 Jls do oy e & brye psle 5o (slos s o
DM sgis o 00, 5 & Sbs, g closl

o sloosls U1y byt oallS AlS g, 5SS
25 iy e sl 2l Jue s (ly gl
o ez Gl VeV e S5 cus glaosls 1oy J5 @
Gy 0=35° s> opl cus slaosls 5l g as sl
Sly oad oslasl (gilwacs 0,5 eolatul s e Colo
slroslo b Ly 45 galaie cisllas ols ylis jeile Cilpo (e
Sk o)l0 099 O =35 i3 > 0pls g Vo /N SIS oy
o i (2lolid (g gl &S VIV SIS05 028w L
ool s Bg) w5 ey N ASls g snits sy I 4
g jelid yuily 0e3 s gloools l eolaiul LI, axd iy
9 (o 5 Sy gy ST Cond (232 0 plo S5 o)
Sl @ S g8 e o8b sl MMG ot Joe
s 5l a5 gysile Gl Wsn I @ peen glubs
OS] a5 wiols ylas aiog ool Cawd 4 S5 asgly S5
ooy 5 ookl b gy 9 SSl5 AV lws s Lol cilpo b (S8
T Ermae b sledsyy Sl (S &5 (Sl by il
Slypo as ol lis 50eS0T Lol Jae sbeesls (gly il
Rt .[Y\]a)lo ol jgile CSlpo 4 ooy 38155 ool Ceway
A Gy (Ohlen 5 (b Jle plaie @) Koo glaiagh
Ivvlaslos o )15 4 jgile <ol cmasss sl 1, aid iy ol
Jsb 2 o1 5l (Jae a5 KCS  p1ils’ 5l 5l allis ) 50
Gy, i Saio oK il sl ,o (cwiige olKiulejl jo e FIYE
el ol gl il 955 s ol azlyyo o 5 0ad aisl
4 (595,99 ol S el W8T 3 ) 2 090 cCanl 00l
ey S ploml > 50 g el 00l plosl il 995 O 90
ol Sl g 5503l sk 5 Sl g @i DU > slnl) yo Joe
Gl 5 ol 5 z ) @331 az 0 ¥ dolre S 4y s sl

29l (595 599 Heile 055 Ces @l 5 uaSal ol Jow

Y

R 2 G Gl jo Geizmes (Jobe (2lg s 5l gedge
IVl oais i ls 5 olits oile g 3o oS slol zoe Sl
Ced b b Sl Jae So ) 2 o sl Sl e S
GRS azbem 1 (e VVF ose o 5o VIVEY sb) 800DWE
Joo b plowl 595 g5 oladls o (2bys (LAee S0 S)n
Ton s Lulpd 0 Bee 5 05 (o Joe 23055 )90 4
o Sl Sl (G wgd el oal alxil by s S5 sl
G2l g 5y dg; glosl 5o ST ke Sl po S S
sple &5 (Gloj ;o Ce e S ol plnil 090 glgal )3 Cae
Cuaglio «Siysl S > Hbls 4 058 o plonl glal jo ST
TN sl oo oo b pitams LBl 4y sl s 2alS g zlgel 5LS)
ot joile (giluaned aie) jo Glide (5L, Joo (noiz
5 gy ol ly ool Joe oy 3sSl aiload eols s
ooliinl b wisS (o Joo jsbid (59, 52 a5 (Sealadg i slesles
[alalosls anwy  Soliwl slosie 69, » ks daws
4 iols drwgs p9d e Jode sl le Sl g ot S
D e Taslce o) 5 susly 5o Sealiogin slag s Sl
o8 5l waz Sujgle Jas Ko GllSen 5 ug; damgs 1o
SHSY Sl 5 omly sihte cape Selinng sl 6555 Ul
Sildae 09,5 a5 Jb o I e oot sols anugs
25 Wlools 2S5l oo S (kS 5 55l MMG),5ils
b g ol Ty faiy olT T Cens Slasiis moly ysb &
= MMG Juo DV]w, S 5 00 o2 | Ll o,Shee
Slp oS s g s e plas o] ST o jeile Gl o9
Di¥lass oo lis sg5 5l zlgel Ll 5

sPle 990 53 GBS Slp s oS slis Heile sledus
wwgi g pold S JpuS g (2Lb da s 2
sl 3l cilizes (slap b (sl N Flla skt jsile slajle 4t
S 5 Sy e Ldoe sla el il 03,5 e ol ol
oyl et Sl oo by il plep b
Jsd BB oo, 5oled Joo Cod 9wl oo Joo S jolid Joe
g ey S (Jbo o cad adbiee jshie Gal ol (B
S pgare Jao ol can 4 Voens wiloe n50dy
.[\a]o)\.: s il oo Dgdre JguB BB slaosls 5,5 4
Seslosgyied Clpo Gusd By, (pauie oS 5 o fesle
b o pen (2lolid (b lajglid Hoile (0L sledoe
Sl gln J5S s 50 Qlel g Lol Sl
wl 2 &S el sl (Seelus Glaptues (5L, sl
Jlas g, dgd oo colaiul wilasd,§ S e sleosls
ad iy S S g 5 lagts, ol cresle 51 (S @y
2 DIl e ostge o by, ool o nn 5l S


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

Uilyeer Jaw slacens g plagw (ololid (g, SaS 4y by jsliss jgile Sl o auloee /o)) San g 0oly >l sl

X =m(u+wq, —vr,)
Y =m(V+ur, —wp,)
Z =m(W+vp, —ud,)

d
K :_(Ixxa)x - Ixywy - Ixza)z)

dt
_ra(lyya)y_lyzwz_Ixywx)+qa(|zza)z_Ixzwx_lyzwy) )
M d | | |
23( yy @y — Ly 07 — xya)x)
_pa(lzza)z_Ixza)x_Iyzwy)+ra(|xxa)x_Ixywy_lxza)z)
d
N :E(Izzwz - Ixzwx - Iyza)y)

_qa(lxxwx - I><ya)y - Ixza)z)+ pa(lyywy - Iyz(oz - Ixya)x)

S8 w0sd (258 ol aiye il g S adye ST 0T
Ssl 4 g) Sy a5 1 0 winlss pos aiye Il g (ol
S wilee 25,5 b Ol ol g sk lace s 5l 5l
s9bd S, ool ol 09 aialys pow 4o Sl @ 9 J) gee
sk s ol g @i Ol 420w S > 4 Wl oo el 2f o
D (65w ool
m(i—vr) = X
m(v+ur) =Y )
,r+(l,—1,)pg=N

s Ol X jemme 4y Cand il oS Dld )8l 4 azgs L
Slatsie M g Cal o)lie 00 Y jpome 4 Cond Loy 5wl
eS8 o¥olas abbge Hlid & 350 (59, 2 ygld 25>
Gl ool (7)) Lajly, S 4y wilgh oo yolids (gol3) a4z o a

{vflose

u=a,u(t)+a,v(t)? +a,r(t)? +a,s(t)> +avt)r{t)+

a Vv(t)s(t)+a,rt)st) +aut)n(t) +a,n(t)? o

v =by(t) +b,r(t) +b,5(t) +bu(t)r(t)
r = V() +C,r(t)+c,5(t)

c(1=123),b(1=1234).a,(1=L2..9)a
Ol et s (ololid aiilsg o5 aidl oo Joo sla il )y
Voo C gD g8 Cilpo ¥ ooyl Jgo,d ,0 adl o bayisl)l
Silyoer s ol ¥gpmme (pl e Glp i aliise
s (M gV o) ol ey Sledbl ol 5 gol3l azl o jo j5liis
A5 L e 5 0 plnil (Y 5 Xl o8 o laises b (pizeen
oylas Jgo,8 50 iy ollS S Laly; 0,5 4 g oy
g Ogs odds oold deliy 4 e (69959 Gloe 4 b Ce s ¥
ool Cawy a3l € s D g @ Cils len a5 alie &Y g4

WSl oo ab iy eSS Bg) Glacuie 5l (SO opl el

3 5o S a8y allS LS gy o 00 g3 4
Gl ameBS (glym il (o i (oLl (sl s,
s ol g Sl oad 00 )5 a4 5Lt ol (Seelinsg e
SIS s Sl 00l Cljp'e.’;.wl Joe opl yeile (Salinog,aus
39% 550 (&5l ad @y ol sy (Sealinng e s ()l
as aS ol 505,00 sele g ol oot axs o jglis ol 005
asgly il g el 00y )8 auslie g cad plol oy O g0
2 in )9 i A5z 0 pls p jglid Sy 5 IS

el gbyld Hgile wYolw - ¥

“0 2R (el Jsene slajglis Sl o g 55ile 5IUT 5o
Sl o ol diiod s plans 45 34

Dy a4 bl slid S ks, BT 6l oS e ¥l
Ivvlogs o anisgs

Y

[V el e85 o yo O pmio 9 ol laiseo—) JSCi

b G Ul oals ool L )V USS jo a5 jshiles
Ol mo W oiggml &S > b e pn Slo Vg &5 >
oaids ylid P g bl oo Holid guo &S > et Sy odins
@ OS2 slugly Sepe Sbe Q sy <S> lagly ce e
Slade caums lad X gl &S > (slasgly cae s oaims lis T
oaimy L Y g &5 liuly o pslid 4 o)ly 69y
Ol Zosgml &8 sbial) 5o jelid 4 s)ly (95 e
Ol Koegen &5 1> sliwl) 5o 55led a2 835 (6955 jlade oams
N 5 g o8> ol odins olis M s, &5 o los cdins
5 sl plas saias lis | g gl oS > lew caims LS

Al o Holid slagly ey oaime il @

Yy


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

(FA-Y) AF Ll g 5k (Y )paok Jlo o gwoige 45,85 /)] Ko g o0ly >l sloxws

RN (y0) yiiwlie glis )| L’l'(’r‘-’gsl‘"’)"-"f‘*"‘““*‘ “ «_{..a‘)\) |) Jﬂ,.za IRES Cnl )01545
VY (458 » ) Sy B eSS Jde e 5 oals (655 03l sl (69g,5 cyils
«IY# S gy Job bl 5 09,8 due

)093 ©jge 4 (bl H3ll Heile cund Y

ol 0 ssls plas Y S 4o KCS s isls jgless asu Py

Ol g3 Syge il Jae nl g5y 2 sle Slaces glyl
2 KCS 5 pals Jol jsls Slakin cuwl 48,5 & a0
ol 00,0l ¥ Jga 40 ool aitle Jow Slakin 9\ Jgax>

KCS 2 iS5l Wlasine 1Y Jgus

Y. (o) 3508 93 G Jsbo
YYY/O (o) ol b3 (55, Jsb
TYIY (o) 2,2
V4 (Rl
KCS 5yl jolod iy p,8:¥ S VelA (’ff ')T
. RH¥R
. . N (S yi0) goloml>
s e 5 KCS sl jglis Jow oams plas £ S 50 Sob cu e
b oo gy axb o 4o gk -[AAD Slhe ghaie o o
e il 4 S 5558 35 50 (Job b
)

odul duislw )Jru.ulf bl JM Olasine Y Jsu\q

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

OYIEY oo
fivr (o) 3g0e 93 G Jsbo
A () 2l a3 (55, Jsb
+17) () ol b3 (55, 250
JIY$ (o) gl

i () 5551
-I¥P (coSa o) (plml>
|70 Sokcayd

-[AAF oo alaiie o
[-¥Y (@ ) B P

3T 4zl 30 30 Cond oz 30 KCS 3l Juo :¥ U [-¥ (e ) S (Sl o

\FIA (456 paz0) 152 F 5
A W oy olass
no (o) ka3
VY i o IY o o8 s
Al asly (b S mhae Cod

05 Eul, Ohed e

“IYY ol o

AR (), 5950

ke (5o 7o) (olml x>

azliyd )0 (595 399 sgile Camd (> 30 KCS ol Juo :F IS ey (O o o ol L) s o
(&2 /)
YAY (o) Ji5 55 o Jobo alols

Yy


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

(G0, Pa k=12,

Uilyeer Jaw slacens g plagw (ololid (g, SaS 4y by jsliss jgile Sl o auloee /o)) San g 0oly >l sl

s Prosficsies (i Tims Progesgariss. O Pragat Sbisd

Gem B Cl(Cy ]+ Ry )

T -
Initialize Phase / \
.

Kelman Gain
- .

Yy =Cpxg + Dyug Bt My € 50V aeed
Measurement Prediction

¥ r . L3

vy =Xp+ Gy — viJ
I

_{" Ay Xy g+ B _ympy Stare Estimetion

£l » T r -T
Poo= Apy Py Ay + Eg Qg By

Sterve Pregliciion & Error Covar jonce” s Chprt Xp (X5, %2000
. -

Pow B =G Gy P i l= Gy Cpd PO A= Gy Cp )T + Gy Ry G

State Estimation Ereoe Cover famoe

U S i (Lol (g5 o151 Sgls -0 S

S0l 09 )0 Gl b dwloro—0

P Gz opld el Cad ) 093 Djse G (al o
Sl 5o el 0als pll Dglaie G SLlg 9 ey
ol 5t ol e slo comge 5 pslis b gle cs
b g )9 Olse 4 b ce ol sl (6,8
5 sl o o0l ah iy allS LS by, 4 ¥ ooyl Jge 3
5D 58 80) ¥ oojlad Jse b )0 05250 s plas by
o5l Coled 40 eedS Como (g Sz el 03) eSS |, (€
b Whoes Sjge & Joo cud jlosel Cansy (2352 ol
U SE 55 o b oSl 5l esd il Jae ity opls
sdel Cewdy (Sealnog,oun Cilps den polie 5 il ool dulis
T Sl > sliwly 3o e p polie .ol oo 03,9l ¥ Jgax 50
S rSo3ll jolid el il; 093 Joo S a5 9l 5 gl
Gl 0o oald a8 iy eS8 Sl8 4 (69950 Glgie A Sl oud
355lisn ey 555k 1y (Sealinogyaun Slps polie gy o0l
oald polde b1y S llaz jlada (1 5eS Sy polde oS
slece s polas £ SG jo bl anils (69955 Glaie 4 0nlds

Ll o o0ls ylits ad iy pedlS LS g, 5l ol Cewns

2
15f e A
I}
E It 1
5
0sF B
0 L L L ! | L | L !
0 50 100 150 200 250 300 350 400 450 500
time(s)
0.2
0 4
]
E -02 q
~ 04 A
-06 L :
50 100 150 200 250 300 350 400 450 500
time(s)
107
zx
z 1
®
€ o -- .
-1 L 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500
time(s)

296 gl gl g (b slb o (6 5lw dpls F JSCU

Yt

PSS ‘sélaa)l.sm) ovgy-¥
oo a3l Ll Mle ity gildae" @ ol wsl e lis!
(o2l adal, SO) alal, SO 1l cae a0 M gildoa" 0gl
o) e 4 "ile 4t el gl (295 b 63959
Sly pemals loslainl b Lol Jaw 50,5 oy o sl
Cowds (G Silwdae ;00 Ol abbse Cuadly (g5lusl
ST g pshay Sl s (29,55 59959 O Abuly S 0951
ool il ad Joo g planw 4 alin 3959 JUSw S
ObSe Loy Joo 5 (ol phass slazgs w08 Jloe!
[¥0]0 15 oo g0 (doe ialo;] G b 5l esliiul b as

Ol 7375 959959 § g iy )

adllas S i gl (o)Ll oy p2s Y

755 5 699y5 DMl (650 maz 5 Sialejl el Y

Goa o el )l ess —F

Jae byl -0
Sz plday el 2l s ololil (Bs, Guis cpl o
el o a8 ,F IS 4y eud oo (Seelisg i LSS asS
O yild s plolils hg,y pl 5L Sel O JS0 jo oS

ol 00 o.))ji

b ey pallS alib)-¥
3979 &)l paiged g LS 390 slaosls ()l paigad 5 Ygons
WJoe sl elly edS sl (he)y Greeebe gyl S ails
o 45 il )bl 5 SVl glaosls e sl s,
A gy el el dngs allS il ) g, ol
bl Boe Glayull laaige 4l asny S
ol s 531 me Sl Sl gl jeite 5 <5 > EY¥olee
Slop i (5999 0315 4 (53l Ead Al anwgs I 2ld )
el el sl o 0y ooy 0 she Dyse 4 aS Ol
- led & anwgl el LS ) sleca e (2255 5l S
el SYolas 51 ool b bl dxwsi el ld s, g,
Sz oyglid il g5 s 3l ead (S ojlail slassls 4 (V)
Sl el cal a3 3 5 4 Selogane Jils aesd
el ok 81,1 Gl a3 228l dnmng oS LS g,


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

(FA-Y) AF el o )le (Y VD)p203b Jlo by cwaige 4,25 /) Kan 5 00ly > sloews

ol > e s (i b (4250 YO Yaaso ) [iSTas o3luil ay(
(@0 OF - b J3las) ol 0 ls oSy alids a5 lej b 5 355 oo
@yt GialoyT ol o se B aysl ol o s el 00,55 b
9l &S el gl plowil il jslid el g e Byb g0 ye
a0 OF Sl S 28z opls Wbl o5 590 J 0
Sl sl o3 Sl 5 gile e sl il 6 50,5 JalS
VS o ieh plnil ol b (2bys sl ,z bawgs oad olxl
L oazl,o 5o Jow (ailogs cus 5l onsl Cansy (i3 2 opls
w2 b opew ool (hg, Sl sl giludae i35 0l

Wl eass 5 awlae

T T T “,ﬁw—-—- v—c.q\\ T T
5F & “«\ h
45t (j,&’ e |
) %
4 e
4+ & Y g
05 0’
- W -
35 q .
i *
[ 3r | ,: =
§ Y ;
e i ¥ g 1

-

N
T
P
il
o
‘e
v
.

e /&
15} 3 2 1
0”\ 7{.0
1t R il .
05k * EKF |
Present Experimental
U 1 3 1 1 1 1 1
-1 0 1 2 3 4 5

¥iloa

0993 9 sty o 3l okal Gy i 52 0310 dmylin 8 S
e (2 Lol

oSz o pls p g gl pSb-Y-F

Rl Gz epls glad p e agly 80 ey 4 aalsl o
5 ekl Lis > glad 0gd oo alaxde VoSG j0 a5 jshiles
Ol L g wilowss I duslio w2 Laz 0 YO 9 VO N+ alj aw
I Suals iz, ople aLxAi} aS g oo oanlive 8w asgly
w‘ o&)’ )5\) ‘) 6;.5795 o)..{‘o )9LH..: 9 w‘ o&;

Yo

50 0l Glo (Selidgae Cilps 5l B oz saias plas A 5 Y gla s
ode] vty 4l drwgs pollS 1S g, 5l a8 anilb e (F) S¥sles

ole ¥ Jes o (Selusgynne Cils ol aen Jlade g udl

sloauds
02 T T T T T T T T T
~ R e
;;« (] et ¥ g
02 1 1 1 1 1 1 L 1 L
1] 50 100 150 250 300 350 400 450 500
time(s)
-3
x10
5 T T T T T T T T T
~
& ok _ s e e R S e g
[
5 iy L 1 1 1 1 1 L L
1] 50 100 150 200 250 300 350 400 450 500
time(s)
2 N T T T T T T T T
~
O B B T E
] i
2 Y 1 1 1 1 1 L 1 I
0 50 100 150 200 250 300 350 400 450 500
time(s)

02
~ R e e et o e ok e e o e i e e e ¥
| 1
©
02 L 1 s L L L L L L
0 50 100 150 200 250 300 350 400 450 500
time(s)
x10°
-
% D NN e e i it i 7
2 L ) L L L L L L L
0 50 100 150 200 250 300 350 400 450 500
time(s)
1 T T T T T
~
B il s s s s s i s
©
1 L L L L L L L L L
0 50 100 150 200 250 300 350 400 450 500

i (2 Ll (95 5 ool dwlno 86 9 85 9 Ay ol b :A S

PCINIORIE LS 251 PRV ROWR VI S EIRTSR UV SV JVF B Jy PO

o el oo b
285%x10~4 a, 6.75x107 a,
6.76x 102 2, 1.2x10° a,

_2094x10~% a, —7.605%10™ a,

—2.865%10° a, 8.984x10™ a,
—3.67x10° b, 4791x10° a,
4.616x10™ b, 7.2717 b,
—45x10™ c, —2.38834 b,
—2.8x10™ c, —9.987x10™ c,

oSz ople gilw -
005 29° Wil yglid (polai 5l 6,5 gl wiile) lalyd (pan o
0392 510,55 5 (srwbie (Il 5l Hgld Hgile e o kg ol
0920 Bl (Jo3 BB o> 3 (132 opls JlB ke Grisres
ol ey b jlits ol a5 el O jg0 ol 4 s o) plodl

O gl s 35 g0 S5 > 4y £975 s yans O


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

Uilyeer Jaw slacens g plagw (ololid (g, SaS 4y by jsliss jgile Sl o auloee /o)) San g 0oly >l sl

5+ 4
4k i
© 3+ -
S 3
=
=
>
2+ 4
1k i
+  Ship Speed=1.7 m/s
Ship Speed=2.0 m/s
O Ship Speed=2.2 m/s
ole I L ! T T
-1 i) 1 2 3 4 5

X/Loa

10 Col lw a3gl3 L () (a5 52 03910 2 ygliod Cas puu il 2VY S

a> 3o

-
b in
in h
T T
/
/
/
/
i i

Gl sz ol lad
/
/

N =
£k

///
e

4.35F 1

425 L L L L L L
1.6 1.7 1.8 1.9 2 2.1 22 23

(el 5 yro) sl Zue o

a9l 50 y9lh S p2 o o yhad ojlail p Hglud Cae yuw i G VY ISl
LEST 10 wb dlS.w

&S ai-V
Jae B Sy dajlis Sealuogyann flos g LT 4l
$y95 ab olo Helid jeile 5l ol az 0 4w (s e oL,
4 Joe (Seelndg s il po (eSSl i (2lulid
a8yl ;s ol Ghsy (6595 by et ysNl S g 0l 4l S
o ysbie 4ol gl (Seeluogyae o ale ol
ol 5l Jaw o smell Slulis b ol eols (sladiges (gl
i gy S e 50 ge YIVF Job 4 KCS jls
oiily 053 latd g al adle iyl (Sxio olSidls gl o
Gce b plil @olil azlys o o 2352 ol jeile
39> Cend e 50 sb g Sl g @i S b,y po ks
)95 & 399 Olpe 4 @mls Gl 5 Wb xS ol
ooly (Seabudgyied ilps nedS g adiin S WIS

e

5 - 4
4t ]
c 3 1
|
=
2 - 4
r teeieed i
+  Rudder angle=10 degree
Rudder angle=15 degree
il i . ; ©  Rudder angle=25 degree
-1 0 1 2 3 4 5
X/Loa
9Ll S 2 o lo g S Ay gl G :Ye IS
4.65 T T
4.6F :
.\
N\
4.55F : : \\
\,

4.5+ N

N\
435¢ \

425} \

42

(ol ol kb
s
o
(%))

0 5 10 15 20 25 30

(ar 3 s gl

9Ll iz 0210 5B 031l 1 lSas dggls S 1Y) S

oS 2> o pld p el Co pw JiG-Y-F

Gz opld glad liee p jslid Sae e 15U (s p 4 aslal s
S 00 00)9] 'Y ‘S.w B CJL\J 9 Gl 00 wla}) )SLA.AJJ U"‘

able |y ax )0 10 colb Jlase Sw asgly o gy ol > 50
Oz gl 0gd oo alaxde VY ISS jo &S jshiles ol
o basl p e VIV o VO gl 4 g) S pw a po 5l
A 0gd oo oddlive Hobd ey (Il L g Wloaus I anslas
opls Hold g sl 005 oy pals i > o pls glad i

el 035 593 15 (6 5265


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

(FA-Y) AF el o )le (Y VD)p203b Jlo by cwaige 4,25 /) Kan 5 00ly > sloews

7- David, C., Mealani, K., William, M. and Benjamin,
S.H., (2011), Simulation of Maneuvering in Waves for
a High-Speed Surface Effect Ship, 'th International
Conference on Fast Sea Transportation FAST 2011,
Honolulu, Hawaii, USA, September

8- Chuang, Z., (2013) Experimental and Numerical
Investigation of Speed Loss due to Seakeeping and
Maneuvering, Doctoral theses at NTNU

9- Abkowitz, M.A., (1964), Lecture of Ship
Hydrodynamics-Steering and Maneuver- ability,
Hydro-and Aerodynamic Laboratory, Report No. Hy-
5.

10- Christensen, A. and Blanke, M., (1986), A
Linearized State-Space Model in Steering and Roll of
High-Speed Container Ship, Technical Report 86-D-
574, Servo laboratory, Technical University of
Denmark.

11- Ross, A. and Fossen, T., (2007), A novel
maneuvering model based on low- aspect-ratio lift
theory and lagrangian mechanics, In: Proceedings of
the IFAC Conference on Control Applications in
Marine System (CAMS).

12- Ogawa, A. and Kasai, H., (1978), the
mathematical model of maneuvering motion of ship,
ISP 25 (292), p. 306-319.

13- Stern, F., Rhee, K.P., Quadvlieg, F., Perdon, P.
and Gorski, J.,( 2011), Experience verification and
validation of ship maneuvering simulation methods. J.
Ship Res. 55(2), p.135-147.

14- Shi, C., (2006), Collaboration to Enhance
Development and Application of Shiphandling
Simulators, in 12th IAIN World Congress / 2006
Internatioan symposium on GPS/GNSS. Jeju, Kore
a:459-464

15- Li, D., (1999), Ship motion and modeling, Harbin
University Publication, Harbin.

16- Lewis, F.L., (1986), Optimal Estimation With An
Introduction to Stochastic Control Theory. John
Wiley & Sons, Inc.

17- Kalman, R.E., (1960), A New Approach to Linear
Filtering and Prediction Problems, Transactions of
the ASME-Journal of Basic Engineering, 82 (D): p.
35~45

18- Farina A. (2002), Tracking A Ballistic Target:
Comparison of Several Nonlinear Filters, IEEE
Transactions on Aero-space and Electronic Systems,
38(3): 854~867.

19- Abkowitz, M.A., (1980), Measurement of
hydrodynamic characteristics from ship maneuvering
trials by system identification, advance copy of paper.
In: Proceedings of the Annual Meeting of SNAM.

20- Rhee, K.P. and Kim, K., (1999), A new sea trial
method for estimating hydrodynamic derivatives. Ship
Ocean Technol. 3 (3), 25-44.

21- Zhang, X.G. and Zou, Z.J., (2011), ldentification
of Abkowitz model for ship maneuvering motion using

Yy

Loy ol 03 e Holid (Seelindgyuns olps e ol
s3le g ol sy ol CoBge i (slo sy 51 (655 J1,S
090 Hgle 0ad (il 4l ml wld gldae 5Ll (o5 590
Joe a5 ol oaus .00 8 awslie oy ced @l b jld o
5 05,5 bled oe 4l ol el coa S ol o8 ouls &)
750 e Sl 00ls lis 05l pwlie Bldail (goue s
IR o Sige SE opls p il Ce g g B Al
by Aoy 4T oLl Sy jeile Joe aS ol plas mls 28)s
JB 5 il jsb ay wlgh oo 0l G e (pl po 0ad ol
ol bt b adl Hslid adly SIS o 0aiiS uSaie Joud
0als o (Sealusg,uue Lol o (reds slapi 55l 9wl B as
Jae o ) @ e 5 03 duie 5 se SalS allie yl o
o3liiwl 3)50 yrao JyuS dolie Sy a5 ool wiz o (L2,
P 2y e per il g cals LBl s 0,5 e )8

el 519597 1 (gl 2 Ceal 5l a5l

ob35lg s
1-Broaching
2-Abkowitz
3-Maneuvering Models Group(Japan)
4-Extended Kalman Filter(EKF)

&= yo-A
1- Araki, M., Sadat-Hosseini, H., Sanada, Y.,

Tanimoto, K., and Stern, F., (2012), Estimating
maneuvering coefficients using system identification
methods with experimental, system-based, and CFD
free-running trial data, Ocean Engineering 51, p.63—
84

2- Y.Li, (2009), Simulation of ship maneuvering &
course keeping with escort tugs, University of British
Columbia,

3- ‘ITTC Recommended procedures & guidelines,
Free running model test procedure’, 2005

4- Ueno, M., Yoshimura, Y., Tsukada, Y., and
Miyazaki, H., (2009), Circular motion tests and
uncertainty analysis for ship maneuverability, J Mar
Sci Technol, _ JASNAOE

5- Yoshimura, Y. and Masumoto, Y., (2011),
Hydrodynamic Database and Manoeuvring Prediction
Method with Medium High-Speed Merchant Ships and
Fishing Vessels, Journal of the Society of Naval
Architects and Marine Engineers vol.14 in Dec.

6- Milanovl, E., Chotukoval, V., Efremov, D. and
Stern, F., (2014), Systematic  Experimental
Investigation of Maneuvering Characteristics of Free
Running Delft Catamaran in Still Water and Regular
Waves, 30" Symposium on Naval Hydrodynamics
Hobart, Tasmania, Australia, 2-7 November


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

Uilyeer Jaw slacens g plagw (ololid (g, SaS 4y by jsliss jgile Sl o auloee /o)) San g 0oly >l sl

xt,t = xt,t—l +K, [Yt - g()~(t ’ O)] ®

o Vb Ll 5l el sl e Jlony] slooslasl G(X,,0) a5

o sl 55 e (53,5 55, 4 s 4l o
a9
St,t = |:| - Kt (&):| St,t—l ®

(o#@&.wt+l @tdbfow.\)a))\)ﬁc\b:wsda}o
Logom 9o Jlie SO > gy 3090 ol s S0 Gl

b slg o EKF s
Coll Sy b g o 90 Ojge 4 aS ) abiwy SO a5 0,8
ol e gl oboy Wl e WIS e LS A ggyD
Ll e bgsyo sl sy 5 Y 5 X (slacaadse ol gla i

il
X
X, = X *)
Yi
Ve
515 e oo ol gl el Jlasl Yol
X1 =X +T% +0
Xt+l = Xt +U;
f(x.,a)= : )
%o yt+l:yt+Tyt+O
yt+1 yt + U

cesss N(0,02) 5l a5 winen _dolas slaaigas Uy ¢ Uy a5

il e gadeial Sl S Silo g ol
aS ol ouls oolainl (6 g G 31 aST 53 (6 WS oslail Cg
sl 1, O 5 R clamse 5 wles oo Jos (odad Slaises o

DS (oo 55

Y—rt \)
tle

)‘ ..\.,.»)L..c J..\.o Q’l‘ 6‘)—.‘ L;)..So)’bj‘ SYoles

:\/Xt2+yt2 +n

N)= QY]
g(xt t) et — tan~ Vi

ZLin,

Wlse sy N(0,05,) 51 o5 ol dolus aigas 3 Ny a5
WQN(0,0';,))W oS Wb o Polal diges S 3 Ny

YA

epsilon-support vector regression. J. Hydrodyn., Ser.
B 23 (3), 353-360.

22- Shi, C., Zhao, D., Peng, J. and Shen, C., (2009).
Identification of Ship Maneuvering model Using
Extended Kalman Filtering. Int. J. Mar. Navigat. Safe.
Sea Transport. 3 (1), 105-110.

23- Lewandowski, E.M., (2004), The Dynamics of
Marine Craft: Maneuvering and Seakeeping,
Advanced Series on Ocean Engineering - Volume 22,
Copyright 0 2004 by World Scientific Publishing Co.
Pte. Ltd.

24- Zhao, D. and Peng, J. (2009), Identification of
Ship Maneuvering Model Using Extended Kalman
Filters, Transanav International Journal on Marine
Navigation and Safety of Sea Transportation, Volume
3 Number 1 March

25- Karrai, M. (2010),
Amirkabir  University of
polytechnic press, (In Persian)

System identification,
Technology, Tehran

oS e plolid oy, e ool 5 S A Cowgny
arwg Gl LS gy )00 LI A byl eesS sl
Slaisl 4 a5 sl . Extended Kalman Filter L ast
a4 b OYoleo JSis ol ) 50 098 0 0dsls EKF
loads cend EKF 24,

iy abasd o Gl e Jlade i 19l Al yo

Xt,t—l =f (Xt—l,t—l’o) QD)
il Xy b pezs F(X(4,0) o5
iy abazd )0 bl (o ey 1p90 Al o

of . of &
ttl ( )Sttl( ) (E)Q(ﬁ_a) M

of of
SYoles )l &5 Wi SYolee slocmsSTs — 5 —
O Ty sl oa 9 ox
Sl ()T el 5 il e e el Jasl Sily
Aol oo o ple jgadly Il
S (o5 Oge 4 Sl gl psie (285 oIl ipgun Al pe

el (03900 e dmlone 1o Lo 4l 50

Kt:St,t—l(Z ) |:( )Sttl 7) ( )R( ) :| X

a9 99
on ’ ox
MLGA R u)f o)‘..\J‘ (5LQ).».*.».A

il e Jlade (10,5 59 4 iy Al o

Sole a5 aiiee SYolwe slaymeSls


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html

[ Downloaded from marine-eng.ir on 2025-06-13 ]

[ DOR: 20.1001.1.17357608.1394.11.21.5.9]

(FA-Y) AF el o )le (Y VD)p203b Jlo by cwaige 4,25 /) Kan 5 00ly > sloews

ollsS o GullsS 4 05l azgs Wl Jle ool pladl sl
)‘ M)L».C é...aL..;o le.:b).'}'

0 0 0 0
0 o 0 small

°=l6 0 0 o v
0 small# 0 o7

a

ol ol siny sl SsS s0e K Jae 5o o o s
S S o3l slagg uil)lsS 09, 5 4 aS 0ed o 00l ol
)| M)La.c

small #
(\0)

:|: O is
small = &,
sloomlly by ool X4 o ple o Sl uiblS
X XY, Y
b & e ol > g, 09 sols Lad aSyl gl wales ,o
EKF c¥olas £l 40 a3l aen 51 sl ccanl a38,5 S e
L ile plos il a5 0i (iolae o b, wad @l YU Lo 4
a5 o sl ST ] )b cnl ol b ol 28 5SS ey
Cowsys Al )b ans 5wl 04X 2K S5 6,0 et yile Lo

4x1 4x1 (\9)
X =f

4x4 4x4 4x4 4x4
4x4 4xa 4xa T

of of + of o AY)
s =(%ys Gy +(@yo

(ax) (ax) (6a)Q(aa)

1
4x2 4x4 84X2 - 4X2 22 2><2’_2/XL
K=S(8)( ) ) ( ) ( ) M
4x1 41 4x2 [ 2x1  2x1
X =X +K[Y —g} )
2x4

4xd | a4 ax2 o 454
s =1 -KED s ¥

YA

odd (55 ojlul polie 55, » 2y Sk cuiF 45 Wi
sl e cg 5 alols

oo Bz b EKF g, b Jow opl 51 eolazal sl
& o b JE SYolee I gt 598 olax STy
) e e o sl it

of of

== ()
ox o(x,X,V,Y)

o o - -

0
0
1
0

o o o K
4 o o

Sl lapg 4 Cons > JEnl SYolee I giie
:)'| W)L.c

of o

——— = v
oa 0(0,u,;,0,u,)

o O O o
o O O O
= O O O

o O —» O

Loy o 398 Cundg 90,0 50 cdl> Jlis! SYoles (usST
).JLu MbLSQ ;‘a?' JM &)"‘ ° LQ,)T (e as ‘J)) ML)GA oolw

"‘a:t@cﬂ

5l e le S (sl piie 4 Con (5 a5 o)l S¥olee §iie
of  of

g«/x2+yz+nl 0 g\/x2+y2+n1 0
o O %y.) CantYin, 0 atan’lx+n 0
0 X 0 AaY)
x(+y)™ 0 yx*+y)™ 0
= y X
0 0
X2 +y? x*+y?

Bi> SVolre (cmsg iy bl T wsin) (1Y) dolee jo
0
ddl> o 0 8—gw;u)oﬁoa@‘_}w)odl>fa@.wlow
X
3 as ol e ol polie igd dmwle ab o)bgo IS5
3 Bie gl o deslre wed 0 0y S la e
:)'\ W)L,.c 6}:’5 o)’L).S‘ dLmﬁjj A Cond L5)'.'.5 o)'b.S‘ SYolre

a9 _ &g {1 O}

(QAD)
on o(n,n,) |0 1


https://dor.isc.ac/dor/20.1001.1.17357608.1394.11.21.5.9
https://marine-eng.ir/article-1-354-en.html
http://www.tcpdf.org

