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Online dynamic-model recognition for
dynamically positioning vessel by dynamic effect

NI Fei1,2, ZHAO Yan-zheng1, YE Jun2, ZHU Ting2

(1. Shanghai Jiaotong University, School of Mechanical Engineering, Shanghai 200215, China;
2. Shanghai Zhenhua Heavy Industry Co., Ltd, Shanghai 200125, China)

Abstract: Due to the nonlinearity in a vessel model, and the immeasurable disturbance force as well as thruster forces, it
is difficult to recognize the vessel model online. An online vessel-model-recognition algorithm based on unscented Kalman
filters(UKF) and dynamic effect is proposed. By solving the vessel model associated with external loading forces during
dynamical positioning, this algorithm continuously generates the dynamic effect which approaches the sensor feedback.
Based on this principle, an effective and adaptive position control can be performed by the nominal vessel model, external
and thruster forces. Simulation results in position control validate the effectiveness of the proposed algorithm.

Key words: vessel dynamic positioning; online vessel model recognition; unsent Kalman filter; dynamic effect

1 ÚÚÚóóó(Introduction)
Äå½ XÚ´�«p#��Eâ, Ù2�/

A^uEÍ9°þ2ª��²�. §´�«4�
���XÚ, 3Ø/ÏeÑXÚ��¹e, Øäu
ÿÑEÍ�¢S ��8I �� �, 2�â	
.º!L!6�	.6Äå�K�O�Ñ¦EÍ¡

E�8I �¤Iíå���, ¿éEÍþ�íå
ì?1íå©�, ¦�íåì�)�A�íå, ò
EÍ¦�U/�±3¤�¦�°²¡ �[1, 2]. 3
¢SA^¥, EÍÉ��	.6Äå�)ºå!�
�ÅLå!��ÅLåÚ6å. Ù¥��ÅLåÚ
å�$Ä��0.3∼1.6 rad/s�m, ¡�pª$Ä. 

º!6!��ÅL±9í?ìÚå�å�$ªå. �
�ÅLå'í?ìíå���êþ?±þ, 
�´
±Ï$Ä.Ïd^íå�-|��ÅLå´Ã��,
�´vk7��[3, 4]. EÍ�.ëê�)
EÍ�

þ!EÍ=Ä.þ!EÍN\�þÚYÄå�ê. ù

ëêU
ÏLE�¢�½¢E°Á(½, �Á�
ó��~E,!¤�4p. �â8c�©z5w,�
é±þ¯K,�«)û�{´ÏLê�O�(Ü�
.¢��¤EÍ�.�O�.©z[5]A^n��5
³6nØ?Ø
k�Y�¥n�2NYÄåXê

3ω → 0Úω →∞��ìCA5. ©z[6]A^{ü
Green¼ê{O���YÄå, ò�¡{^uk�
�Y¥EÍp�$ÄÚÅL1Ö�O�,ïÄ
Y
�éÙ�K�. ©z [7]|^n��5³6nØ, 3
ª�pïÄEÍ3fY¥�Ë�¯K,A^n�

®©Ù{éØÓY�eEÍ$Ä�YÄåXê, �
)N\�þÚ{ZXê�?1
ê�O��©Û.
,	�«�{´ÏLXÚE£��{E£ù
ë

ê. ©z [8]JÑ�«±O2�G��§Ú*Ðk�
ùÈÅ�{?1EÍ$Ä�.ëêE£��{. ©

ÂvFÏ: 2010−09−06;Â?UvFÏ: 2010−12−08.
Ä7�8: þ°½��<âOyÆ¬�Ä7]Ï�8(10R21421600);þ°½ËÀ#«Æ¬�Ä7]Ï�8(274.10S19).
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z [9]KJÑ
A^l���eü�`�E£�{.
©z [10]K^k�ùÈÅì�OÚ©ÛÄå½ X
Ú,l¥uy
¿)û
EÍÄå½ L§¥$ª
���¯K.©z[11]Ú©z[12]Ñé��ÅL�ª
Çëê?1
E£,±ÈØpª$ÄÜ©. §�JÑ
���¹e, k�ùÈÅì3pªZ6eAT´g
`ÑÑ,
A^Ù£ã��{?1ÈÅ�Ò���
�`ÑÑ.l©z�ïÄ5w,ïÄÌ�8¥u��
�{Ú	.ÅL�ï�, ±¦k�ùÈÅìÑÑ�
`. 
3EÍ�.E£ïÄ¥,Ì�´ê�O�ï�
Úl�E£ü«. 
?1Äå½ EÍ�.Ú1Ö
�3�E£ïÄ¤�Øõ, ê�O�ï�Úl�E
£�ï��{3¢^¥¬kéõ¯K:

1) ê�O�ï�éE,,
�I��.?�,¤
�p,Ñ��.

2) l�E£I��¢EÁ�¿æ8�þêâ,

�I��A½;,$Ä,±JpE£�Ç.ù�¬
����E£±Ïé�, ó�þ�, éY��¦�
p.

3) =¦�¤
þãO�ÚE£, 3¢SA^¥
§���¡éA�éJ)û�¯K: a)EÍ�C1
Cz. C1þ��Ú1Ö©ÙCzÑò¦ê�O�
ï�Úl�E£(JÃ{¦^. b)ó¹K�.'X2
L3ó��, EÍ��þ!.þ!­%Ñ3Cz, Ó
�ù�ò��ê�O�ï�Úl�E£(JÃ{¦

^. c) í?ìíå. °6Ø�¬éEÍ���)K
�,�¬éí?ì�)K�,6�Úí?ìíå��
�Óû½
�^3E�þ�í?å. ¤±ÃØ´ï
��´l�E£ÑéJO�í?ìíå. d)°6�
ÝÚ��E£. �º�ØÓ,6����Ú��ÑÃ
{^Daìÿþ, ¤±I�3�E£°6��ÝÚ
��±Jø���XÚO�c"å, ù�´ï�O
�Úl�E£Ã{�¤�.

é²w,�
)ûþã¯K,ÒI�3�E£E
ÍëêÚ�^uEÍþ�1Ö.Ïd,�©JÑ
Ä
uÄåÆ�A�Äå½ EÍ�.�1Ö�3�E

£�{)ûþã¯K.

2 XXXÚÚÚµµµeee(System framework)
Äå½ ��XÚ�±©�4�Ì�Ü©:

1) &Ò?nÚÈÅ.&Ò?nÚÈÅÌ�´È
Øpª$Ä,±��í?ìépª$Ä�)�A.�

�Ø$ÏÈÅì�¢��^, ��¬æ^k�ù
ÈÅì5�¤d?Ö.duEÍ�.�pÝ��5,
^*Ðk�ùÈÅì(EKF)½UKFò�\·Üd«
A^.

2) ���{. ���{ÏLDaì�"�ê
â!�½ �!EÍ�.ÚEÍ1ÖO�Ñ¦�E

Í£��½ ��í?å.

3) Äå©��{. ���{�Ñ�´ü�²¡
��íåÚ��=Ý,Äå©��{Ò´�òù

å©����í?ìþ.

4) EÍ�.ÚEÍ1ÖE£. EÍ�.�)

�«YÄåXê, YÄå�ê�. EÍ	1Ö�):
º!��ÅLåÚ6å¶EÍS1Ö�)
í?ì

íå.

EÍÄå½ ��XÚµeXã1¤«.

ã 1 Äå½ ��XÚµã

Fig. 1 System frame of dynamic positioning

����XÚ�Ø%´UKFÈÅì. dÈÅì
Ì��¤±e5�?Ö:

1) �âE�.±9	å!í?å�OEÍ� 
�!Õ�Ú�Ý. ¿ÏL�O��¢Sÿþ��m
���?1E�.�#.

2) UKF3ÈÅ�Ó�, ?16��Ú�Ý�E
£,¿(ÜE�.�YÄåëê��6å.

3) (Üí?ì�"�ÚE£�.O�íå�.

4) (Üº�¤ÿþ�º�O�ºå.

5) òíå!ºå!6å!E�.Ú�O��ÿþ
���Jø���ì.

�âþã£ã��,Äå½ ��´���~E
,�XÚE£Ú���XÚ.ÙE,5Ly�:E�
.�����5¿�J±O�;6�6�Ã{ÿþ;
í?ìíåéJÿ½(¢Sþ,íå�±ÏL¢�ÿ
½,�´6�Ú6�Ã{ÿþ,��íåÃ{?�).
�©±5000 tÒE�Äå½ XÚ���ý¢�8
I, SCü��£=í?ì, Xã2¤«. cí?ì
�DGPSU��ål´29.6 m,�í?ì�U��å
l´25.6 m,ü�í?ìÑÙ�3E�¥¶�þ.

�ò��EÍ�.ëê±9Ù¦ëê½Â�

uNL1. dNL1��: UKFÑÑ�34�ëê,�â
d34�ëê�UO�í?ìíå!ºå!��ÅL
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åÚ�{	å�, �ï�6ÄåÚåÝ�b��x
D(.

ã 2 Äå½ EÍÙ�

Fig. 2 The layout of dynamic positioning vessel

,	,�©�ïÄé�´Äå½ EÍ���X
Ú,Ïdó¹÷v±e^�:

1) EÍ?u$�G�,�Ý$u1 m/s,��Ý$
u0.6 (◦) /s.

2) Äå½ L§¥,	.º!L!6´�úCz
�. ¤±éuÈÅì5`,º!��ÅLåÚ6åÑ
´½�1Ö(¿Ø�½´ð½�, �ÙCz�ú, K
éuÈÅì5`,ÒU
g·AE£§�).

3 EEEÍÍÍ$$$ªªª$$$ÄÄÄ���ÄÄÄåååÆÆÆ���...(Vessel dy-
namic model of low frequency)
EÍÄå½ ÄåÆ�.��æ^©l�.,=

pª$ÄÚ$ª$Ä©O?n[10]. 3Äå½ L§
¥,$ª$Ä´Ì�^uï�ÚÉ��.. Ïd�â
ykïÄ,òÄå½ EÍ�$ª$ÄÄåÆ�.
L�Xe[13]:


u̇

v̇

ṙ


 = −




mx 0 0
0 my −mxy

0 −mxy mf




−1

(




0 0 −myvr

0 0 mxur

myvr−mxur 0







ur

vr

r


−




0 −mxr 0
myr 0 0
0 0 0







uc

vc

r


−



−dx |ur| 0 0

0 −dy |vr| −dxy

0 −dxy −df |r|







ur

vr

r


 +




τtx

τty

τtf


+




τwx

τwy

τwf


+




nx

ny

nf


+




gx

gy

gf


), (1)

Ù¥:

τtx = τ1 cos t1a + τ2 cos t2a,

τty = τ1 sin t1a + τ2 sin t2a,

τtf = τ1(sin t1a)t1l − τ2(sin t2a)t2l,

τ1 = t1ft1s, τ2 = t2ft2s, ur = u− uc,

τwx = wcuws
2 coswa, τwy = wcvws

2 sinwa,

τwf = wcfws
2 cos(2wa), vr = v − vc.

òª(1)¥�ëêÑ@�´�E£Cþ, K�±
òÙ{��

Ṫ0 = F0(T0), (2)

Ù¥:
T0 = (u, v, r,mx,my,mf ,mxy, dx, dy, df , dxy,

t1s, t1a, t1l, t1f,t2s, t2a, t2l, t2f , ws, wa,

wcu, wcv, wcf , gx, gy, gf , uc, vc).

òDGPSÿÑ²�ÝÚ>Û²ÿÑ�Õ�\\
ÄåÆ�.:



Ṫ0

ẋ

ẏ

ḟ


 =




F (T0)


cos f − sin f 0
sin f cos f 0

0 0 1







u

v

r





 . (3)

òª(3){��

χ̇ = F(χ), (4)

Ù¥:
χ = (u, v, r,mx,my,mf ,mxy, dx, dy, df , dxy,

t1s, t1a, t1l, t1f,t2s, t2a, t2l, t2f , ws, wa,

wcu, wcv, wcf , gx, gy, gf , uc, vc, x, y, f).

ª(4)¥Ø
u, v, r, x, y, f	,Ù¦CþÑ´�ú
Czþ, ¤±Ù�êÑ�0. ª¥í?ì=�!�
 !íåXêÚí?ì���:ålÑ´�E£C

þ,
d§�O�Ñ5�íå��Ñ\þ?n.

4 ÄÄÄuuuÄÄÄåååÆÆÆ���AAAÚÚÚUKF���EEEÍÍÍ���...333
���EEE£££(The online vessel model recognition
based on dynamics effect and UKF)
éuEÍ$Äù��pÝ��5XÚ, Ã�k

�ùÈÅì(unscented Kalman filter, UKF)äkU)
`³. UKFéu�5XÚ�±��DÚk�ùÈ
Åì���ÈÅ°Ý, éu��5XÚKØI�
?1�5zCq, �±��'*Ðk�ùÈÅì
(extended Kalman filter, EKF)�p�ÈÅ�O°Ý,

�UKFéÈÅëêØ¯a,°�5r. Äk,�â
ª(4)òÙlÑz,�e¡�úª?1Ã�k�ùÈ
Å:

χk+1 = F (χk, Vk), (5)

Yk+1 =H(xk+1, yk+1, fk+1, wa,k+1
, ws,k+1, ηk+1), (6)

Ù¥: Vk, ηk©O�"þ���Ø�'ÄåÆG�D

(�þÚ*ÿD(�þ(Ù����QÚR); Yk+1�
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*ÿ�þ,ùpU
ÿþ���): EÍ�²Ý!�
Ý!Õ�!�éº�!�éº�.ª(5)´��pÝ�
�5�XÚ�., �©´ÏL9x¥©{¦)e�
�G�.

UKFØ=��OEÍ� �, ��E£EÍ�
�«ëê(�NL1Úª(4)),ëê�E£éEÍ��
5`´�~­��. �,UKF�$1I���Ð
©�EÍÄåÆ�êÆ�.��Ä:, ù��.´
ÏLoÑO���, ØI�é°(. �´A^�©
��{UKFU
�âÄåÆ�A,E�.�U
Ø
äÅ�, �¢S�$Ä�A%C. �X�m�6²,
UKF¥�E�.�Ø(½5¬Åì~�, 
�ù«
L§´g·A�. ¯¢þ,NL1¥£ã��«ëê
Ñ´��mCz�,
Ø´���½�.��§��
Cz´�ú�,K��ÈÅì©ª�±k�ó�.

,
k�é­��¯K´: ¢S�¹e,Ø=�
^3ENþ�í?ìíåÚ	å´Ã{ÿþ�, 

�EÍ���YÄåXêÚYÄå�ê�éJ��

(½,ù����E�.��OÃ{�¤. ùÒI�
�«�{ò	åÚYÄåëê�Ñò��Ú�Ä:

þ,ù�Ò�;mí?ìíåÚ	å�ÿþÚO�.

þã¯K,�±ÏLÄåÆ�A5)û. ��X
e�µ: ��1000 kg�ÔN31000 N��^e,3�
¦�£Ä�1 m�� �.
��1 kg�ÔN31 N�
�^e,3�¦��£Ä�1 m�� �,ÎÃ¦¯,
ùü� �´­Ü�. ù`²
��{ü�n: XÚ
�ÄåÆ�.�´$ÄÚÄåþ�£ã, 
ÙSÜ
Ú	Üå¿ØI�(����. lÄå½ ��Ý
5n)d¯K:^ÿþXÚÿþ
EÍ� �,¤±
EÍ�ÄåÆ�A´(¢�. 
íåÚ=�k{ü
��5½��5'X(d'Xª(½�), b�ù«
{ü'X®�, ,�ÏLþãÈÅ�{¦�ÈÅì
SÜEÍ�.ÎÜÿ��ÄåÆ�A,@oÒ�±
@�d�ÈÅìSÜ�EÍ�.ëê!	å!íå

� /́�(�0. ùp�/�(0́ �ÄåÆ�Aþ

�(,
Ø´`EÍ�êÆ�.ëêÒ�½´ý¢
�.��©¿Ø'%ÈÅìSÜ�ëê´ÄÒ´ý
¢�, ��ÙÏLÈÅì�O� �!�ÝÎÜÿ
þ�Ò�±
.

þã�n��±{z�ã3: ÏLb��íå
Xê(íå), O�EÍ�S1Ö; ÏLºåXê!E
�.!º�!º��O�ºå��; ÏL�O�6
�!6�ÚE�.O�6å��. òù
å�\3
EÍ�.þ, ¿�âEÍ�þ��G�, �O�ý
ÿ�EÍ�A: Ŷk+1òd�A�Daìÿþ���

AYk+1?1'�,Ò��
����:

e = Yk+1 − Ŷk+1. (7)

^d��?�íåXê!E�.!ºåXê!6

�!6��, ¦�d�����. ¢Sþ, þã6
§´��;.�UKFÈÅL§, �´3íåÚ	å
þA^
b��.
�6§¥Û¹
��=�'X:
òíå!	å±9EÍ�.�ò��
=�þ(íå
Ú	åò��=�þ'�Ðn), �EÍ�.ò�
�=�þ'�J±n), §��m�'X¿Ø�©
�ßÚ�*). ��±n)�3,�=�e�íåU

-|	å, ¦8c�EÍ�.�)N��$Ä�
A. Ïd, )ö¿Ø'%äN�íåÚ	å´õ�,
��§��'XU
¦EÍ�)ÎÜDaìÿþ�

��A,
ù�ØäbÜ�L§Ò´k�ùÈÅL
§,l
Øä?�NL1¥���ëê.

ã 3 Äå½ �ÄåÆ�AÚk�ùÈÅ�n
Fig. 3 The principle of dynamics effect and Kalman filter of

dynamic positioning

¤±, ÏLk�ùÈÅìE£Ñ5��(Ø�U
ÏLDaìÿþ��5��)Ñ¿�Ù¢S�, 
´
U
÷vÄåÆ�A��.ù�3�����ÿ,Ò
U
��^ù
ÈÅìE£Ñ5�ëê����ë

ê, ùÒ´ÄuÄåÆ�A�EÍÄå½ 3�X
ÚE£�Ø%¤3.

5 ÄÄÄååå½½½   ���������ýýý(The control simula-
tions of dynamic positioning)
�
�yþ!nØ��(5,ÒI�?1�ý©

Û. ùI�\\��ì!Äå©��¬Úí?ì�
A�.. e¡ò©O?Ø§�.

5.1 ���555���ggg...NNN!!!ììì���������...(LQR model)
�gN!ì´�`��nØ¥��«�2��

A^. �âª(4)��EÍ�ÄåÆ�.´��5�,
�´�±òÙ{z�Xe��5XÚ:

ẋ = Ax + Bτ, (8)

Ù¥:

A =

[
A1 B1

0 A2

]
, B =

[
0

B2

]
,

A1 =

[
−M1

−1D1 0
T 0

]
B1 =

[
M1

−1

0

]
,
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M1 =




mx 0 0
0 my −mxy

0 −mxy mf


 ,

D1 =



−dx 0 0
0 −dy −dxy

0 −dxy −df


 ,

A2 =




− 1
qx

0 0

0 − 1
qy

0

0 0 − 1
qf




,

B2 =




1
qx

0 0

0
1
qy

0

0 0
1
qf




, T =




cos f − sin f 0
sin f cos f 0

0 0 1


 ,

x = [u v r x y f τtx τty τtf ]T,

τ = [τcx τcy τcf ],

qx, qy, qf©O�í?ì3Surge, SwayÚYaw��þ
����A�m~ê; τcx, τcy, τcf��âª(8),ÏL
�g.N!ì�Ñ�3���þ�íåÚåÝ��
-�.w,, í?ì�{z�����XÚ,ù��
{z´�©k��, ��5`í?ìÑ?upÑ�
�e,�N'��. 
�m~ê�äNê�Àí?ì
5U
½, �����£=í?ì� �=Ä��
m~ê=�. duT��3��
��XÚ���

5,�´�©�±òÙlÑz,zgS�Ñ­#O�
Ý
A. ±þ£ã�´vk�Ä�º!L!6���
�.,XJ�¢yp����,Ò7Lòù
	.6
Äå��c"?\��XÚ.�âª(4)�£ã,�±
��±ec"å:
ºå:

τwx = wcuw
2
s coswa, τwy = wcvw

2
s sinwa,

τwf = wcfw
2
s cos(2wa).

6å: [
τux

τuy

]
=

[
−dx 0
0 −dy

][
ur

vr

]
,

Ù¥τux, τuy©O�63EÍ�Õ�Úr��)�

å. ��ÅLå�gx, gy, gf .

Ïd, ������-å´�âª(9)O�Ñ�
�"å!ºå!6åÚ��ÅLå�Ú�.����
XÚXã4¤«.


τcfx

τcfy

τcff


 =




τcx

τcy

τcf


 +




τwx

τwy

τwf


 +




gx

gy

gf


 +




τux

τuy

0


 , (9)

Ù¥τcfx, τcfy, τcff©O��ª�Äå©��¬�E

Í3���þ��-åÚåÝ.

ã 4 Äå½ ���{µã
Fig. 4 The principle of dynamics effect and Kalman filter of

dynamic positioning

5.2 ^̂̂������555`̀̀zzz���{{{???111ÄÄÄååå©©©���(Power dis-
tribution based on nonlinear optimization)
�e5�¯KÒ´XÛòτcx, τcy, τcf©��c

�ü�í?ìþ. ùÒI�ÏLÄå©��¤í?
ì��-©�. ��5`� ���m~ê�'^
=�A��m~ê�,¤±�Ð��¹´� ��
^=����Ð.Ó��I��Ñ�Uþ���Ð.
ù�Ò�±�¤±e��`z�O:

J = min(|t1cs|+ |t2cs|+ 10 |t1ca − t1ca0|+
10 |t2ca − t2ca0|), (10)

s.t.





t1cs < max speed, t2cs < max speed,

t1ca /∈ deadzone, t2ca /∈ deadzone,
τcx = t1ft1cs cos t1ca + t2ft2cs cos t2ca,

τcy = t1ft1cs sin t1ca + t2ft2cs sin t2ca,

τcf = t1ft1cs(sin t1ca)t1l−t2ft2cs(sin t2ca)t2l,
(11)

Ù¥: t1cs, t2cs©O�c�í?ì��-=�; t1ca,

t2ca©O�c�í?ì��-� �; t1ca0, t2ca0©

O�c�í?ì�c�g��-� �; maxspeed
�í?ì��=�, deadzone�í?ì� Ã{�
��k�.

5.3 ���������ýýý(Control simulation)
�ý¢��)±eA�Ì�Ü©,Xã5¤«.
1) �¸�[. �¸�[�): º�!º��[;

��ÅLå�[; �6�ÝÚ���[±9��Å
Lå�[. Ù¥��ÅLå´æ^xD(ÏL��
¤.ÈÅì�)EÍ�pª$Ä[13].

2) EÍÄåÆ�.. EÍÄåÆ�.�)$ª
�.Úpª�.. $ª�.´Äuª(4)��©�§
)�.pª�.�$Ä��U\3$ª�.þ,l

�)EÍ�o$Ä.

3) Daì�[. Daì�[´òEÍÄåÆ�
.����AU\þÿþxD(±9\þ�«Da

ì��mIPD4�ÈÅÚ��ì.
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4) ÈÅì!��ìÚÄå©�. ÈÅì´�©�
?Ø­:,ÏL14!�ÈÅ�{,��EÍ�.. 2
^15!����{���-å,ò�-åx\Äå
©�¥, �)éí?ì��-�l
�ª�^3E
Í$ª�.þ.

5) ^rUI.^rUI�ãLÑÑõU�±ã/z
�w«EÍ�$ÄÚÈÅì±9��ì��«ë

ê. 
ëê�½õUÌ��¤8I²�ÝÚÕ��
�½,±9�«ÈÅìëê�½.
e¡��ýO��½�¸:
º�: 7∼ 10 m/s; º�: 20◦ to True North; 6�:

0.8∼ 1.1 m/s; 6�: 55◦ ∼ 65◦ to True North; ÅL
ÌÌªÇ: 0.5 rad/s; PithÚRollªÇ: 0.5 rad/s; cí
?ì�U� �: 29.6 m; �í?ì�U� �:
25.6 m; GPSU��cí?ì �: 6.1 m; MRUR�
SC;>Û²Y²SC; DGPSDÑ�Æ: GGA, GST,
VTG; DGPS�#ªÇ: 1 Hz; MRUDÑ�Æ: PSXN;
MRU�#ªÇ: 10 Hz;º�¤DÑ�Æ: MWV;º�
¤�#ªÇ: 10 Hz; >Û²DÑ�Æ: HDT; >Û²
�#ªÇ: 15 Hz; í?ì�"�Æ:g½Â;í?ì
�"�#ªÇ: 1 Hz;í?ì�-�Æ:g½Â;í?
ì�-�#ªÇ: 1 Hz.

ã 5 Äå½ �ý��µã

Fig. 5 The frame of control simulation of dynamic positioning


EÍ�ëêÚÈÅìEÍëêÐ©�XL1¤
«: ½ ���Ð��±ÏL�ä3��I: 1)EÍ
8c� �Ú8I ��m�åldp; 2)EÍ8c
Õ�Ú8IÕ��m��Ýdd; 3)í?ì3½ ±
YL§¥=�Ú� ��­½5. d­½5��*
¿ÂÒ´í?ì�=�Ú� �AT¦þ�±��

Cz,ùò4�~�í?ì�Å�ÚUþ�Ñ.

���ýêâXã6¤«. �
�y��XÚ
�3�E£Úg·A5, 3½ ��m©�, �
ýò²L7�L§(�ã6). 3?\½ ��c, I
�3∼4 min�EÍ�.­½Ï.ÃØ½ ��m©�
Ä,��ÈÅìÑ3$�,ØäO�EÍ�.. 3½
 ��m©�,K��ìm©O��-íå,¿ux
�Äå©��¬O�Ñí?ì�-=�Ú� �.
e¡�[£ãù7�L§:

� ½ ��m©. ½ ��m©�I��½8
I �ÚÕ�,ù��½�±ÏLÃÄÑ\. �
�
B,�©ò½ ��m©��EÍ �ÚÕ���
½ 8I,d�8IÕ��83.6363◦. ½ ��m©
3 min�m, ?\�±�ã, EÍÄ�­½38I�
þ(ã6(a)(b));í?ìÑÑ­½(ã6(f)(g)).

� 8I �UC. 3750 s�m�, 8I ��
­#�½, #�8I �ål8cEÍ ��ål
´37 m. EÍm©�#�8I ��C,í?ì�)
�A�A,� �Ú=�Ñk��Cz.

� 8IÕ�UC. 3800 s�m, EÍ����
#8I ��, 8IÕ��­#�½. #�8I
Õ��113.8999◦. ÈÅìÚ��ìm©#��A,
EÍ3�C8I ��Ó�N�Õ�. 3�V
1050 s��ÿ, EÍ��#�8I �ÚÕ�, ½
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 ��?\�±�ã,í?ìÑÑ­½,duºÚ6
�éÕ��ÝC�,í?ìÑÑ=�²wO\.

� º�UC. 31220 s�m, º�m©Cz, l
4 m/sÅìO\. �1400 s�,º���
11 m/s. Ó�
í?ìíåÑkþ,, EÍ �©ª�±3�½ 
�þ, `²ÈÅìU
9�é	.ºå�Cz�)
g·A�	åE£µ�.

� EÍ�þUC. 31550∼1800 s�m, EÍ�
�þd5000 tÅìCz�6100 t. ù�Ó���YÄ
åXêÚYÄå�ê�UC,dã6�wÑ,EÍ�
,�±3�½ �þ, ù`²ÈÅìÚ��ìU

éÐ�·A#��þ, í?ìíåCzØ�, ùÌ
�´Ï�3�±½ �ãEÍ��Ý!\�Ýé$,
A��Cu",�ã6(c)(d)(e).

� 6�UC. 31950∼2140 s�m, 6�Åìd
��65◦Cz���55◦. 6��Cz,��6�ÚÕ
��mY�C�,l
î6O�,��í?ì=�k
¤O\. �EÍ�±3�½ �þ,CzØ�.

� 6�Cz. 32235∼2440 s�m�, 6�d
0.8 m/sÅÚ\��1.1 m/s. dã6wÑ, 6��UC
��EÍ ���Cz, CzÌÝØ�L1.5 m. Ä
�þ�´�±3�½ �þ. 6�O\,¦EÍþ�
6åO\,l
í?ì=�k²wO\.

L 1 �ýEÍëêÚÈÅìEÍëêÐ©�
Table 1 The parameters of simulated vessel and the

vessel initial value in filter

EÍ�.ëê EÍëêÐ©�

uc/ (m·s−1) 0.693 0

mx/ kg 4.40E + 06 3.00E + 06

mf / (kg·m2) 1.84E + 09 1.50E + 09

dx/ (kg·s−1) −2.00E + 05 −1.00E + 05

df / (kg·m2 · s−1) −1.30E + 08 −1.00E + 08

wcu/ (N·m−2) 109.772 100

wcf / (N·m−1) −1.57E + 04 −1.00E + 04

t2f / (N·(r·min−1)−2) 3.94E + 04 3.00E + 04

t2l/ m −25.6 −10

gy/ N 1.00E + 05 0

vc/ (m·s−1) 0.338 0

my/ kg 7.20E + 06 5.00E + 06

mxy/ kg −4.00E + 04 −3.00E + 04

dy/ (kg·s−1) −6.00E + 05 −4.00E + 05

dxy/ (kg·s−1) −4.00E + 03 −3.00E + 03

wcv/ (N·m−2) 268.8619 200

t1f / (N·(r·min−1)−2) 3.94E + 04 3.00E + 04

t1l/ m 29.6 10

gx/ N 1.00E + 05 0

gf / Nm 1.00E + 06 0
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ã 6 Äå½ 3�E�.E£���ý
Fig. 6 Control simulation of online vessel model

recognition of dynamic positioning

�â±þ�ýêâ,�±��Xe�(Ø:

1) L§�∼�`²�©£ã��{U
3�E
£ÑÄuÄåÆ�A�EÍ�.!	å±9íå,
l
�¤½ ��.

2) L§�∼�K`²�©£ã��{U
g
Ä·AEÍ��ëê(�þ, YÄå�ê)Ú	.�
¸(º!L!6)�Cz. �ª�J�:3EÍëêÚ	
.1Ö�Cz�,EÍ�,U
�±3�½ �.

3) 3½ �±L§¥, í?ì�=�Ú� �
CzØ�L5%. `²ÈÅìU
k�ÈØpª&Ò,
�±k�~�Å���ÚU
�Ñ.

4) 3½ �±L§¥, ÃØ´EÍëê�UC
�´	.1Ö�Cz, �°Ý���±32 m��
S,Õ�°Ý�1.5◦±S.

6 (((ØØØ(Conclusion)
�©�éEÍÄå½ ��XÚ�Ø%¯K:E

Í�.ÚÙ1Ö�3�E£�¯K?1
�\ï

Ä,JÑ
ÄuÄåÆ�AÚUKF�E£�{. d�
{lÄåÆ�A��nÑu, ÏLÃ�k�ùÈÅ
ì?1EÍ�.9Ù1Ö�3�E£. ¿òÈÅì
E£��ëêÚ1Ö�\�gN!ìéEÍ?1�

��ý, �ý(J`²d�{Ø=U
p�!!U
��¤½ ��;
��U
3EÍ�.±9	.
1ÖCz��ÿ,g·A��¤�«ëê�N!,l

¦EÍ�±3�½ �þ, �°Ý�±32 m�
�S,Õ�°Ý31.5◦S.

ëëë���©©©zzz(References):

[1] FOSSEN T. Guidance and Control of Ocean Vehicles[M]. New York:
Wiley, 1994.

[2] LOUGH A. Dynamic Positioning[M]. British: Lioyd’s Register Tech-
nical Association, 1985.

[3] MORGAN M J. Dynamic Positioning of Offshore Vessels[M]. Okla:
Petroleum Publishing Company, 1978.

[4] BALCHEN J G, JENSSEN N A, MATHISEN E, et al. A dynamic
positioning system based on Kalman filtering and optimal control[J].
Modeling, Identification and Control, 1980, 1(3): 135 – 163.

[5] Á�),��º,�¢ì.k��Y�¥2NYÄåXê�ìCA
5[J].u¥nó�Æ�, 1994, 22(4) : 64 – 68.
(ZHU Linsheng, HUANG Suyi, DAI Yishan. Asymptotic character-
istics of the hydrodynamic coefficient for a floating body on water of
finite depth[J]. Journal of Huazhong University of Science and Tech-
nology, 1994, 22(4): 64 – 48.)

[6] åÊ³, ±��. Y�éEÍ$ÄÚÅL1Ö�K�[J]. ¥IE
E, 1997, 136(1): 1 – 7.
(HE Wuzhou, ZHOU Zhengquan. The effects of water depth on the
ship motion and sea loads[J]. Shipbuilding of China, 1997, 136(1): 1
– 7.)

[7] ñó,�|,�[.Äå½ EÍYÄåëêê�Á�ïÄ[J].¢
�¿ïÄ�&¢, 2005, 24(12): 14 – 17.
(JIANG Zhe, SHI Xun, WANG Lei. The hydrodynamic coefficients
of dynamic positioning ship[J]. Research and Exploration in Labora-
tory, 2005, 24(12): 14 – 17.)



1 11Ï X��: ÄåÆ�A�Äå½ EÍ�.3�E£�{ 1533

[8] ë�²,��è,$·.A^*Ðk�ùÈÅ�{�EÍ$Ä�.
ëêE£[J].þ°°¯�ÆÆ�, 2008, 29(3): 5 – 9.
(ZHAO Daming, SHI Chaojian, PENG Jing. Parameter identifica-
tion to motion model of ship by extended Kalman filter[J]. Journal
of Shanghai Maritime University, 2008, 29(3): 5 – 9.)

[9] >&`, îú², ��¤. EÍÄå½ XÚëêE£�{�ï
Ä[J].EÍó§, 1999, 21(1): 36 – 38.
(BIAN Xinqian, YAN Zheping, SHI Xiaocheng. Parameter identifica-
tion for ship dynamic positioning system[J]. Ship Engineering, 1999,
21(1): 36 – 38.)

[10] SAELID S, JENSSEN N A, BALCHEN J G. Design and analysis of
a dynamic positioning system based on Kalman filtering and optimal
control[J]. IEEE Transactions on Automatic Control, 1983, 28(3):
331 – 339.

[11] TORSETNES G, JOUFFROY J, FOSSEN T I. Nonlinear dynamic
positioning of ships with gain-scheduled wave filtering[C] //The 43rd

IEEE Conference on Decision and Control. New York: IEEE, 2004:
5340 – 5347.

[12] NGUYEN D T, QUEK S T. Reliability of switched model-based con-
troller for vessel dynamic positioning with switching under estimated
motion frequency[J]. Journal of Offshore Mechanics and Arctic En-
gineering, 2001, 132(021601): 1 – 9.

[13] SORENSEN A J, SAGATUN S I, FOSSEN T I. Design of a dynamic
positioning system using model-based control[J]. Control Engineer-
ing Practice, 1996, 4(3): 359 – 368.

[14] JULER S J, UHLMANNN J K, DURRANT-WHYTE H F. A new ap-
proach for filtering nonlinear systems[C] //Proceedings of the Ameri-
can Control Conference. New York: IEEE, 1995: 1628 – 1632.

[15] ��¤,��¦.EÍÄå½ °��¸�ï���ý[J].O�Å
�ý, 2006, 23(11): 237 – 246.
(SHI Xiaocheng, WANG Yuanhui. Marine environment modeling
and simulation for dynamic positioning[J]. Computer Simulation,
2006, 23(11): 237 – 246.)

NNN¹¹¹(Appendix)

NL 1 Äå½ EÍ�ëê
Appendex Table 1 The parameters of dynamic positioning vessel

EÍ�.ëê O��{ÎÒ EÍ�.ëê O��{ÎÒ

$ª$ÄSurge/(m·s−1) K u í?ì2íåXê/(N·(r·min−1)−2) K t2f
$ª$ÄSway/(m·s−1) K v í?ì2íå/N × τ2

$ª$ÄYaw/(rad·s−1) K r í?ì1���:ål/m K t1l
Daìÿþ�Surge/(m·s−1) K us í?ì2���:ål/m K t2l
Daìÿþ�Sway/(m·s−1) K vs Surge��þ�íå/N × τtx

Daìÿþ�Yaw/(rad·s−1) K rs Sway��þ�íå/N × τty

� �/m K x Yaw��þ�íååÝ/Nm × τtf

À �/m K y Surge���ï�6Äå/N nx

Õ�/(◦) K f Sway���ï�6Äå/N ny

�éº�/(m·s−1) K ws Yaw���ï�6ÄåÝ/Nm nf

�éº�/(◦) K wa Surge���{	å(��ÅLå9Ù¦)/N K gx

Surge��ºåXê/(N·m−2) K wcu Sway���{	å(��ÅLå9Ù¦)/N K gy

Sway��ºåXê/(N·m−2) K wcv Yaw���{	ååÝ(��ÅLå9Ù¦)/Nm K gf

�é��:�ºå=ÝXê/(N·m−1) K wcf Surge��ºå/N × τwx

°6�Ý3ý���©þ/(m·s−1) K uc Sway��ºå/N × τwy

°6�Ý3À��©þ/(m·s−1) K vc Yaw��ºå=Ý/(Nm) × τwf

Surge���é6�/(m·s−1) × ur Surge��YÄåXê/kg K mx

Sway���é6�/(m·s−1) × vr Sway��YÄåXê/kg K my

í?ì1� /(◦) K t1a Yaw��YÄåXê/(kg·m2) K mf

í?ì1=�/(r·min−1) K t1s SurgeÚSway��ÍÜYÄåXê/kg K mxy

í?ì1íåXê/(N·(r·min−1)−2) K t1f Surge��YÄå�ê/(kg·s−1) K dx

í?ì1íå/N × τ1 Sway��YÄå�ê/(kg·s−1) K dy

í?ì2� /(◦) K t2a Yaw��YÄå�ê/(kg·m2/s) K df

í?ì2=�/(r·min−1) K t2s SurgeÚSway��ÍÜYÄå�ê/(kg·s−1) K dxy

∗5µ/K0L«��UKFÑÑ;/×0L«dUKFÑÑ�O�.
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