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ARTICLE INFORMATION ABSTRACT
Original Research Paper This paper presents a new approch in the design of output feedback control system based on disturbance
Received 13 August 2015 observer for dynamic positioning vessels. The proposed control system includes a controller and a

Accepted 18 October 2015

Available Online 30 November 2015 structure of a modified notch filter and a nonlinear observer. The filter is used for estimating low-

frequency motions and removing the wave-frequency motions by using vessel position measurement.
The low-frequency disturbances and vessel-velocities are estimated in nonliner observer using the low-

Keywords: . ) e . h .

Output feedback control frequency vessel motion. In this structre, wave filtering and low-frequency motion estimation are
Dynamic positioning independent from the estimation of low-frequency disturbances and vessel velocities. It results in
Wave filtering increased accuracy of filtering and estimation which results in desirable performance of control system.

State estimation

Marine vessel Also, filtering is independent of the vessel and low frequency disturbances models, and therefore it is

not affected by modeling uncertainty. The effect of wave filtering and low-frequency disturbances
estimation in DP control system from the point of reducing control signal fluctuations were evaluated
with numerical simulation. This is important in view of reduction of wear and tear in propulsion system
and fuel consumption in a surface vessel. Futhermore, simulation results show that the proposed method
has better performances in comparision with conventional method.
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6- Position Reference System

7- Heading Reference System

8- Environmental Reference System
9- Power System

10- Thrust and Propulsion System
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1- Dynamic Positioning

2- Marine Vehicles

3- Environmental Disturbances
4- Wave Filtering

5- Low Frequency Motion
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7- Body Fixed Frame
8- Earth Fixed Frame
9- The Society of Naval Architects and Marine Engineers
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Fig 1 Block diagram of the conventional method in dynamic
positioning system [1]
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6- Differential Global Positioning

7- Taut Wire

8- Hydroacoustic Position Reference
9- Laser-Based System

10- Artemis
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13- Fiber Optic Gyroscope
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Fig. 5 Block diagram of the proposed control system based on filter and
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Fig. 9 Performance comparison of control system in surge in two cases
of with filtering and without filtering in the presence of WF and LF
disturbances, (a) position tracking, (b) control signal

ol 3 Pl jpas 0 gl S > 0 S piegs o Slos anslie 9 S
(Gl ld ) oolitnl pae 5 oslital cl> 55 55 omb LalS5 DUS] 5 zoe
S IS (o Camdge cuiins

Slibes 2l 48 IS (siloacd ;0 oads S5 Laylpd 5l Cilhe 4 b
Ll 3505

Toe S8 IS jpa> 50 S g o Shes gl 11 IS
S 3l sileand cnl po s o (Las b Gl (S8 LS 51y
el 00 03l kpy = 1000 g kgy = 1000 o5 b onisS

G S e 3,8Skas 55, saims olzs Gl -1l sy
o5, P! Seaslice l eolatwl cdl> jo jold  Solno Condgo
22 0aiS J S 5o el gl JuSew a5 cenl Jlo 0 bzl g
JS3) el 03 LS Lo 85 Soanlive 5l ooliiwl pac g oolaiul cdl> g0
5 Coetl oo 4 11 510 S g0 40 sad a8l @l awslie (o 11

Ao oo (L 1) e Glacdl ess g Ko pilid 3]

9y 0y5dos b amglio 5 golesiny i3y T sy -2-4
Jolaie
S s 3 8as o) n Hohiedr plagiluand (e onl 0
L solpiin g,y o Sles ,lagile ancls cpl jo ol onds ] solginn
5 Johite Ubs, (@ Feaalin g ;s (yons S8 pitas () 3y, 4
Jols) cmly GlS 2 NS g St s eCapnbgn (2l polie jl esliiul (7
9t lagsiluad po el oud awlie (Jlow] oess 5 Su2lid
oxte g 4dls I8 ol R 5 mee B2 DS g0 e Sl o
o ous Sl kgy = 1000 5 kpy = 1000 b L, oucsS 25
Copdge Col 7S s ,8kee Sblai 14 513 12 (ola S

12 o Louis 15 0093 1394 siauwml (OIS \_:ulgn Wi

CotnS 09:0lasSS o, e a5 il Jb ol i el cogllas
F{POWITRVEL S USSR WP VW E YN JUEL S| EL GUWIPRN | ES S S-S
S S0l Camdge 5l osliiwl b S JiKw (-9 JSKE) sl Sglate
odls ,yild Codge l oolatul Loyl o a5 b j0 009y Slugs Jlews oals
Sl Al pgllae o ,Sles cdayl i ol jo 208wl
el YU 0500 00 S 5l eolasal (e opl o gl hg, SO
b oo S 5l oolaiwl b J S et 0 ,Shoe oasmo olis 10 S
omb 53 Pzl jea> 0 kpy = 1000000 ¢ kg; = 1000 o e
S o CepmBye ot sllas el g sl (A1 -9 US5) B Ll
o o s pl oS Jb o o) oo 4 ouds ild Comdan colaiul
T3y & o-10 JSo ol az g b oo (6 mSejlusl cundge 5l ool
Gy il pl j0 a0 e lis |y euls il Casdse )l oolaiul Coenl
st Oiae ol wal Gleg el g Al axgr LB relS S
S g goe S 2 PUS b g ol (pFoslail CuaBe (03,55
SarnBye Sl e SBlaal 4 Jui S 3V (695 e el 2
ool Lulpd plags 3929 Jlai 5l (o9t 4 5 g Jlade Sl 5l Solias
oloul el YU 0,00 ronisS J oS (6,5 54 w)lge ol pogdle wo)lo
5 5ol slass o5y lhe 45 J A s 29 Capl
&L@J)L}‘ ).»‘ o o)\g.osb UL».LQ.C [al:;u‘ e o Lb)ﬁl"'““’ Jdl 4 d>gf l;
Sl S5 55 mly S 3 ST 5 gge uilS 5 S ol s

14 T T T T T T T
12} AY .
\\
10 B ~ —
e 8 i
E ¢ !
8 e
2 Desired LF position |
0 —— = Without filtering 1
——=Ideal filtering
_2 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
t (s)
<l

==== Without filtering
Ideal filtering

Tz (N)

-6000
0

1 1 L L
2000 2500 3000 3500 4000

t (s)

<

500 1000 1500

Fig. 8 Performance comparison of control system in surge in two cases
of with filtering and without filtering in the presence of WF
disturbance, (a) position tracking, (b) control signal

il 3 Py 0 gladyg, CS o 50 7S s 8 Slas dglio 8 JSB
JiSw (o cumBge cotins (Wl il 5l soliiul pace g ooliiwl > g8 ,0 zge

JrS

228


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.45.3
https://mme.modares.ac.ir/article-15-9679-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.12.45.3 ]

Ubhed 9 )93 59 SMe

=) B H9liuh (SSaelisd usBgo vl S JMAI Hresti 9 uadge 3935l 3 (Siise JHiiS @iamw Al yb

Sl SG Gl gy Gnl o s S Al CasBge 05555k e by sl
Alodls faie p2 4 (G Sygo 4 a5 Sodslin g mld SO Jold o
b lul Gl golpiiy Soaslice - pld ol oul colaul
@ Comd @olgidy gy S Whe bgluand @l el (gl
oS B LS 2 e g mae el 8 PSS S S e Jslase g
JESo St 35t 4 3 5 mb U2 ST 5 ey by
el Ol BB 25 9 50 bl (bl ol 508
Capmbge oS i bl o Sosalin 5 sl 5l eslindd 1
hime gl sl b ablie 0 piess oy il cel
D950
BB jmals g CaaBae conis cds Ll del s ) solanal 2
Cel wlgh so 095 cpl a5 oo S Jiew 0 legs azgs
oS e o5 5 Giule 3l 6T 5> 5 55l S g Bran rals
29,5 absype slap il s
ol ey il Gl Cae g IS Fovnlin 5l eolaiwl 3
|) u-*-’l‘ 0y L ooss ‘_Jﬁ.AS )‘ oolaul u&*“‘ PR g.,u..r_‘aa.o
Al Qg (6T o3lail es A Cannd 208 e
I cetS il el golpitan S aiaw ) oolinwl 4
ol ol 00,8 o o] Slilugi 5 dials azgs LB als Lol s
3 omtl oI55 BES 5 S5 ads o s il 2

Desired LF position ]

— ——Ideal filtering
—-—=Ideal filtering and estimation
-] 0 1 1 Il 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
t (s)
&l
15000 T T T
i ‘l — ——Ideal filtering
ﬂ\_l\ ——--Ideal filtering and estimation
N
/ l' !‘\
10000 | it 1
—~ I\
Z oy
~— I W
. |
‘: i \\‘\,/'/’ /\\
s000H Y % -
| ™~
.
] —"‘“"--.L,__
| ———
0 1 1 1 1 1 L o — ]
0 500 1000 1500 2000 2500 3000 3500 4000
¢ (s)
(-

Fig. 11 Performance comparison of control system in surge in two
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Fig. 10 Performance comparison of control system in surge in two
cases of with filtering and without filtering in the presence of WF and
LF disturbances when the high gain controller is used, (a) position
tracking, (b) control signal

sldygy < > 10 b 6y 008 S b S st o ,Shoe dlie 10 J5Ci
pas g oolaiwl Cdl> g0 1o ol ilS 8 PLST g zae (WlS 8 P jga> o
S IS (0 Comdge s (1 2l 5l ool

12 o jlosis 15 095 1394 siswl (o3 Sl Swaie


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.45.3
https://mme.modares.ac.ir/article-15-9679-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.12.45.3 ]

Ubled 9 )93 59 SMe

2l)d sl gl SSelivd ._uus,.a EIVTV I RY d)l.ul,.).msbg._ww,.o .\),;)b)awd)ufla.wual).b

i

"
—

—— Desired LF motion
——-Without filtering and estimation
—— Conventional method

-------- Proposed method -
== \.Nith ideal] ﬁllering and est}'malion

1000 1500 2000 2500 3000 3500 4000
t (s)
(<all)

1 (deg)

—-— Without filtering and estimation
Conventional method

«snee Proposed method

— — With ideal filtering and estimation

Ty (Nm)

2000 2500 3000 3500 4000

t (s)

-
Fig. 14 Performances of four control systems (the proposed method, the
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and the system without filtering and estimation) in yaw, (a) position
tracking, (b) control signal
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