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1.1 A BRBFSEH R B X

21 LSRRI, AR EE D BEUNETEEST AR, R\
R A R B e i ] S, 4 e s R R R R EE BA R T
VENEES AR 2 N T A YE. FIRREYE. fRAFIETE. Fisig g
AT . MHAHROAA T %A H ek 5 R T AR E L.

AEABE TR A K AT, WEEEMUBEA &L, HP U nEES
WL T 7 AR AU S EURADE I B 2 IR A S, W S BRIV
FPERURAE RN BT, 2012 457 A 25 H, “WHEA 699”7 = TI/EM,
TV LIRS TN I 2 8 5 6 X “Fidkie” &6, KX3h), eitKE
ARAARBIR, 22T BUETIR, EEATFHRAET 3 (2 AR, 2013
3 A 18 H, REFEGEEMAM OHHE" M REMAEIITLENET, £
WES e O 62T 40 W EANB R X, BIZIRESEEFRR LR, SEORITTE,
i b 14 ZAFRIEAK, H 12 B RGEE, B2 AR, R AN RLE
W R ERg, PYEERAEMNTEYOX 800 42, KL= MANEs)
IR AR TR Faomisid e A 5 BE IR E L.

AR A B R R TEA S S M BRI SR A G, R R R R
AMEFEE IATAREINTAT 242, B AARIEATYE . A s T 54, 8
A ZRFL I E LA R TR R T IEVE R BOR BT . Blan, X3 T MR, R A9
HSEMBONIAERERN, MG E o TR & R
FEME, AT I BRI K S ECEA B AR R B XS  TRLIHG, AR el 42 11
JEA B ARIE S B — BT U A T e MR REE R AS R T,
ZHELHIN T HFSFERERRRE, W MR MRS, BEEKe. W
feskE, HA s B2 sON BRSSP T iR A0y, (R iR AR A
FRAY, TSRS R BRI L R IFRY, S 7B ZM A, (B
M58 — 773 TR e B B R A B A K Y 22 =5 ], (RIS AE IR AL T o e v 27
AERR Y R, T MR RGR AR AAI A . TG 72 R A
o5 P 25 TR KR At $ R S T, A R o o) o AR/ R 398 o ] A
BOER T, SCBULR AN AE R A Hr R P2, 2E e SR AR T RIRAE ), 1R TR
{9 R IK S AR ia B35 i 1] L.

IR SRS AR B I Bh il RS Y BT R AR BT TS IR Tl BT Y

w
nl



.@. A ARiE Bh vl B IEAE L e Ak 4R )

KE B A A IR K A A B, TR SR LIRS Y P I st 7
PG B4 28 ) X o I s el A, R B A M AP e o B AN fE A 3 1 A
R RIS, M H RS R T KRS R SE, il iR s 12 il iX — S Y
EFRAFITE, AHEEEH RS IRST, HHHMMERE RGO B BT
UFRINTEG, TR EATEAR 55 U 7 B A RS AR R . SR T AR B 72 5 20 B D B3
TIT, B HBURREENEGEDh, HhfExa Ty 2, H
B, ARSI FIAS R RTSE N, DRFS TR D8R B Y B R, XS
THLEAE RO A IR B AR E B L2 AR B L.

HHEE, BTz RSEE A KRB E . KETHFEAESE RS, AT
LB AR IR B AR S 4R B A5 S, X &2 T 5 B RO T /Y
AHEYERE. FG, MRS S 8 B T L AR B B I T
HA R EHBEFIENE. BHETE&EH sl E%mash, FEAE
WA . — 5w, BHEEARS FANE R, HIFSEE AR
KEERNE + 53— J7 1, FHIAR AN (B0 B4 68 01 7 T8 % & B s K. AR+
TE_id BB 5 P EAHS 25 iF 89 ( Closed-loop Gain Shaping, CGS ) HJZEAt I,
PR — PR AR B S, PR R TR « fERRESI st T R B
At S A B B A R R - S S B R SO, IR TR AN R
720 B S T HU RN M REFR PR B AR G, W LAEL T4 Hl a2 809 10
1 5 TERCBRUANFERY RO T AT i il ae 1811, HATin R e 6 ARG g 2 4
BB fRRRRYT, TORE 5 IME IR BEAY o IR AUREY, MAEA I, R ERE
IR N B A BGRA S BEREN BN TRE SIERE SRR #=H
i AR IE .

VPRI £ Y R R H B EE R —F TR L, RIEAMH AR
B BRAL T BB Sl 0 SRR SRR BRI 4 S 8E#
M3 A R A . AR R B R A, S2HYHEE Y BIF R
A R A RE R B iE .

UL T PR 4 ) 4 A B B B R LS B R M — . (B2, /B
THREsh e R 2, AR 2B HI ST 302 BN RO AE LT AY,  B0A 724
BRI BOA REM AR DA IR AT B P2 PR TPk, BEE T EALEORFIELA
R R T AR, SR H R, b Mg, Seabmy .
H G Ehl. 7 I S 5%, #R5EIR BT AR A fRFr il (B0 b
BT FEAE R AT AR IS S BB AT A T 0 AL B (RIS, 8 i e H—,
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1% %i’e.ﬁ.

A5 FULAE T i AR 2l M o7 P AR 3 R R At AT 1 B A4 ) R A T 2 H0E B
PRI, FFHEET AU GR I FIRS BRI AL REAR Y DU 1 REFE b B LA 2 1
ik ORI RS PCANA v Re Y PN IR SR i En e v X i s ) Y AR Y B
fiti £, SIANLEERERE IR, SCINLEAEIIRE .

S TR AT [70) 30 17 P 4 A1) ) = 2 A 2 A AR A sl 5 B 1) R sh R A0 ST A
e BN E AT IR A A AR 2 I PO A _E A SE S B IZ K AR
e, LARR [ A it s Al 2 S SO AR & AR Sl 4 U B AT 55K A5 B
Nomoto MY AT F2 i s TR AR & WA PR P2 A sh Ak REA A ) BR R RE
AR [RTIE,  AET AAEAUT [E0 M 7 A TR A i R B et SICE [0 DRef 42 1 4
SHNE R ; AR BT —E S BRI A T, FF HEEE M
FRAC 10 0T 2 ) A2 A0 AR R AR AL, ST RGIR X i AR 30 A 3 Wi B A 1
AR, QIR A H X A T T A R A AL ] R G BE AT AEATL A REFEAR L o

H BT A AR is sh AT E2OH 3 352 = LA Abkowitz AR HY BEAAT 45 14
T, H A K4 (Japan Towing Tank Committee, JTTC ) $2 Hi 14> &1
ZEFRA ( Ship Maneuvering Mathematical Model Group, MMG ), LA N AEAARIZE
Sy il U2 R O I S RASER i AR SR RE S 1A A AR As B B9 22 AR s
SHIENEE, [T SN T IR S AR B, (ER HE s A B R
T A )57 L ARAZ Sl AR Hy T F B 4 R e 7 AR S AR e e A B e B R, I
A LAE R T sl g et BRI sebr B 8, (ER H ETHF 78 A i B AR 3
TR EIE B Y Ma SRR, SR TR X i B T 38 BB 58850 o
T S AT AR U T e R FNA ST B UIME O, AN eI SO A R FH A 1t B
S ST R O W S RS RR OB A) o 2P Wi W ASEARY ) B A 3R 2 Nomoto
BRL, AR SRR R A Rt b, 252 R AR B B B 3R
etk F B/ NMEA A ( Non—minimum Phase, NMP ), 25 H—F i AR F2 s sl i
AR ,

FEAR B R AR R X RE B s B BRI - AR, Y, mifieE
71 F, ANFE R 2 A AR O T BB R A BRI AR M, AR AR [ g —
WO 285, FIREE ST F, ORI 25 AR E O A9 7K B B TR B Y B 1) 110 M,
SO AR A B mia gl ; LMHIE R BERIF, BT F, BreSi SMITH R M, i
KT M, ANTTAE AR B R B2 A SE S M

R, £ Nomoto #7 Fy LA _E5 | ANBEREXTAEMR AR, 43 H HmsE 25 1
M Sz 5L IR 3 S AR A RE VA Y S e _EIR S AW A . BETITEE S, T R 2

)
1l



g Aoz 310 5L B2

LIy RE I i A 1) e 157 29 A RIS ShBCER, 45 R Wi B LA DU R A
B, AT B AR R A B A I R Rt B RS S e o AR AR
& 3 A HBERTT R/ MBI BEJBIRG PRI SMET,  REAS BT
R R R X A M Rz 5l ; SR B IR, RE B AR e B i 2 A AP AL (E
il s BELMEAE AR REE T A St /K S A U R X BN BB 5 5 LAAE i3 R %L
AL, W LME Nomoto I —FEM T HlE AT, BRI .

LT A BRI 2 Y S0k WO AT S R e R s A P R L AR
A Al [ - AR DRI AL I DR P o 224 AR A A s B R AE R AR 2R AL
WZ KBBR8/ NG ), AH BB T SE R RIS B4 7 A 555, [ iE S 4K
P i H HEE AGRAIEAL [ R R 42 i BOR . AR5 B 560 i AL B IR AR et
RPMM( Roll Planar Motion Mechanism Wit 112 S F) S5 447 i i 1 8( Responding
Ship Model, RSM ), A5 HET PHERIE o ilOE 50k B4 XS . BT T) PRI 125 Al
FAMEIR PR P 6 o FEAE T IR PR AL S5 20y B Rtk Xsh A 00 14 1) Y it 42 1
TUTSEOMEE . DB PR T | R AR 11 5 | Y R BT -3 BCE R
HUBERE, MPIRZE T HE 1A 3R VERY RRS S Mg %R ], DABE SR = A R R AY
S JRITAT 5 DA S A RE A SEhIFE Al A AE AU A 1), R PR R [ S 2 M AR 11
ARIS R ATEE ), AL F) A2 B (E— B AT BUSHC B R 5

B, ARAE T PRI fd OW S 0 A BT 1] R 355 R DR 1 i
Gt as, Hrb e ) S AT B SR A () S S M R 2 0E B
PE, I H R TR S0 B SO 2 A0 g s O B AR I i . 5
TRV, A A RO 10 GRS AT IR 22 1 P B2 S sh A T I A 5 [ B AN 2
PERIEL, 41X AN SR H O R S R P i A e s S HE e iy 7 AR 1 2500
MTHiazh TRPEREIAL, TR RS UM TR E S, Bt—PiE
1A B R RGBT IR T PR A 1 A AR D 2 HAR DAL 1)
L, BT e I O Fe g AR D 2 ) A AR B AR 2O P A AL R RE AT PR
R, A D SR Y P AR S BCHE 8 2 R (NSGA-TD) $2 it T fEsi
Sy G o A S R E A T s TRUABIE T 45 R AE % R AN AR D Az 30
AR B I B R U — LB R, O H AR TS A O A T R A
AT R = ON R = S
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1.2 R ARBESR LR RERI B 7S BEIR

AR AR 2 Bl W 1 S AN T B 5 PR P R BT S R R 2 T RE H SR IE
W ARGE, RIVEA L RERTAEAE, TR T X el AT e A 7F 78 BRAR AT
RN IE .

BEERHEBORAYBEL, AT AR P2 7 Bk g A R, IRl A
JrE2 A TSI ) SRR A B B D8R RE T TS HE R O BIF 8 TR, Rl AT e I
AL B SIfE AR S B B BN IR TORE, T A2 AE 78707 J8 i A e 1 AN 7
EERE AR ATRTIR T, MERR X ARs s fl T AR, 2 H3h
R haest— S FE W REA I & R

MAFER, XTI H RS, HASEE EEM TS oA
BER TR, HAPACUEEE T RIS, &AW BRI, T sixE A
Ghp B AR AU B 5 BT EEAT A A4, FRIEITLEL 45 HE ARSRIZ G Y &
JEiEH

1. RIBAITEARF 54 64 B SN 7 IR

FLAE 1972 4F, faf =243 Van Gunsteren ) 1 87K b EEFEHE_EHEAT T R 6
A E RIS, P as Bk FURSR a7 SRR L 45 0 HUS 43% HOBFER 1,
[A]4F, Cowley, Carley Fl Lambert =2 H$2 HAEICHRE A9 I 617785, FFanli T T
(7 BRI, “PREIRIERAE 40% 27 1975 4F, Carley B XA HEIRTE Y
FIATPEREAT T 2047, AEBE— 2D B IANE IR BOR B9 1R I U MERL A Do 1t BEXS T
IIERCR R, [[4E, Lloyd 83 24 47 AR iU 98 R d s {fy L 53 E
FE~FER SR IR ROR R EE 1Y B SUcRIN, SEE W EMAT L 0 TF
W& F O EAERT S A IR, S A LR sl M IR TR & H
THIVEALNT B2 i EtE s BA T EEE L, e 1975 SFHE MR A I &
5T 4. Baitis A& 3K T XS 36 75 TN PRI B A HE I8 FR R AE 1979 4E3F
178 BB RO 7, I ELAE T S M BT 10 R 9 B B T e s 4
i, FEBUSS AT BV ERSOR 0 [F) I 3 — 25 B 1 8% ROR 5 R 0 A
e B, FERE TR IR AR RO S

HEA 20 20 80 AT, KA IR AT o B4 ) [ 28 B (== Fig L
FFEMEE., 2 ERXBERE Delft KT 1981 F ML EM R v EE, H

\'
il



.@. A ARiE Bh vl B IEAE L e Ak 4R )

o' Van Amerongen 5 Van derKlugt $H17 7— RYIMHKMFE, BFEHHEVOTE . A
FELL R SEMA LG . 2Ttk — k& (LQG, Linear Quadratic Gaussian ) J7 %1%
T REBRE S RS, B AEH VAR ZE )RR ® SRR i 25
LRI T, FIH B shiE a4 ( Automatic Gain Control, AGC ) Fl H i@ W 25 J7
KRBT IE AL IR RN B G o Bl J ) S k6 5 B R FH 348 4 A0 7 5 O SRR AR
T HARMEMOTESCR, JFEMIH I TR SR. U B 3h3g a2 GO e
i 4 W R G AE— G RE B R2 I 1 PRI R [0 B A PR AN S AR T i (Rl . gk T A
1998 4F, #FjE## Lauvdal Al Fossen ¥ AGC #t— 2L HGH A AL 73 %% ( TGR,
Time-varying Gain Reduction ), 18 it i B 38 o5 425 ] SR FHINF AL, BRI T B 407 90k
FERCR 1O, 5@ W S G R 8 LQG R M REFE AR R AL, A% T ik
T MERE 12 H a4 2 LaIe R W1, TEARRAAY B SR F5 0 3 Pt 1 A a5 2k 2
65% 7tAT, AR BRI B SR RE AT B R IR R K. FFEE
Blanke £ 65 R FH LQG 5 B 3138 # J7 AL FRAEAL ARG e [0, A5 Fh S0 T D%
HAE 35%~60%"". HijH2EE Kallstrom T 1981 4538 i AUE 07 ELAF 5EUE I T M sk
FEAERLEE LT LR S AR RO U 1. B SLATANR ST 1984 AEFF LR 2210
il ROLL-NIX fEUliE 248, F+T Lt 90 FAANFF & e R ™ i 1.
S T e At O ASCADL 28 ) 5 42 2 T3 7 % TLPA WECH Hamilton ZUKGE fE, SLBR
AN 30%~40%, FF5 1987 SFT R B 1l gr, 2t &g sty
FEMUR IR RS, MR RCR KR m, HZ2IRE] 70% BIEE Ao Bl
REALgE— 250 R T3 Sk LA TR S BT i Bk . SRR E e & R
Wr ol EREAT T I iR, JE IR T AR R BRI E . 1
1977 42 1986 SEHAIH], S FEAIREIHE EEA TSR, J5RE L LR EIKE M
by BRI REAERIE 40%!

BEA B0 90 RS, MRS S RE R E SRS HB R GG
H & . #% #l. Blanke Fl Christensen ££ 1993 4F i it 5 H i 56 & PLIF] — &4 R4
X TSR Tt doR P P 4 SR ZE AR K, I IE 2R HY B2 I R I % 42 1) R e il = 22 )
7 — A AR ENE " G.N. Roberts 1% 8 U872 1) M o7 A8 s il 1) 5 LA K,
FERFIARAR L B@&E A T T 98 m MR U S T R R A & ),
Stoustrup, Blanke, Yang UL A Christensen 43 3R FH H & # F 5 1 2 B s REUE
TR IR G RS, IR R U MR R S ER T b R
FE T W HPLEh, RTINS sh R I S5 A TR S AN 2 BER S NI A 725075 1,
s AR R T AR it TR . AT iE— R &I E %, Blanke 75 1996
SRR EE R R AR 1), Hearns 5 Blanke 2T E /BRI T 24

1l
1o



1% %i’e.ﬁ.

Bk N\ B AR AR ) RS, AR R R T UL AR TR
AR RIS SRR AN S 7)1 P, Yang 5 Blanke %1% fift i3z S 7Y 1) 45 4414
AENERI, BT p SRa kit 7 2 AR s s, TR RCR R
B, Lauvdal 1 Fossen I FIHE A% il SEEL T (ELe M AE R4 4] *. Oda I Sasaki
15 B [ AR 1 Ge bt 75 B A B SE3 T esdidg i il e 2 5 B AT 2 R e
b, Tiano SEHL T ML ML 5 ILAEME IR _L I ), Zacharias 55 Pfister N4
R 1 5 0 B R AEIAE P, H. Oda S8R Gt 24 ekdh &2 45 B 18] )3 g Dl i
i B,

AMLLJE, Blanke F| FH 2 ARG JT AT T REEIEE S48, wid AT
AR IR BT B4 a8, (M IdE 1A 20t I 80K B Perez Z 1 FHIR
il PE AR T4 4] ( MPC, Model Predictive Control ) — Ef2 & _FA# v 7 EHLIY
ALt B, S KA E N 8%/ B, JIE AR LA E] 41% ™. Tzeng
5 Alarcin.F 73 B FETF A% 6] (IMC, Internal Model Control ) SZEH T ¥ Il %,
FFoR FH SR8 25 77 ¥R B 1 e AL B RN P, Lozowicka. Tiano LA Lozowicki
W 7 — M EA e K5 EREHATAE IR BN B St RE, Z RS XTI
M E/ME, FHHESCIT = A8 Tl AR P Nicolau 55 Ceanga 12 HIFE
A T PR 4 o) e L a4 (R BSOR  Ar F A, SEINEAE 3 15%°Y. Nicolau /£ E
ORI GE T HEATL A Stk A Mk 2R 8 1 e R A R SR X PO ] R0 A sl 42 11 ) 5
M, $2H T AR BN 3 S HER, X d S R A EE R LY,
G.C. Goodwin 55 AT MESCHE D BEFH H S8 A AT IF) CRAF4% 1 D RE 2 [R] B M RE T
HEAT 7118 P P. Crossland, Fuat Alarcin F1 K Klaka 73 BT 58 T #E Bl 7 15 4
ML YEARAT /N A RE b A PERE B E.Lopez SFAEHT A B At b4 Al £ i Ay
el 2 HRITRGE AR iR ¥ 5 Tanguy H. %51 Ming-Chung Fang
543 AR PID HEAT T AU IG5 6 7R #h 22 W0 24 56 07 5 3E1 7 2 Bin i 240
B Chereau V. JUIZE MU SBR4 725 1 HH 6 T REAIL I SR B 39 2 18 15 R 25 (B 7 B4 T T
XFEEAFSE ¥ Roberts G.N. $#2H T —Fh 347 2 BB )4 i iz 45 il ) 5 i 3 4F
K, John F. ZT 2010 42 H 2 12FE Lt S ASAMEXRE IR TR ] B4+ 5
P.Raspa ¥ 7E 2011 43805 4 HH R SR R AL AL O 3T T e s 4z il 8 B2 s
Ali J. Koshkouei S5 NIHE H T At I8 1 2 500 #da 6 752 ¥, Ming-Chung Fang 2
H 2 T s I A S AR R A A4 17, IET 2010 SFE— 208 BE A
2L AAL PID #s il 5] AR REskiE bl U, HAE 2012 ARz o2 o AT ff
FRFE B (1 FE A5 60 ¥, Tristan Perez Al Thor 1. Fossen 7 2012 £E43-5I%} T
MR REIRFE AT T 250 o B,

©
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.@. A ARiE Bh vl B IEAE L e Ak 4R )

2. HE L2 @E e AERIE T e

# 2 H AT C &t A AR g R E R LD R IR E R, Hd ROLL-
NIX 6 el B2 42 il i A2 A7 T Sy #L 1 SSPA Maritime Consulting 2> 7] )\ 1984 45 F
FHIEFF KR, 2 1990 4F CAEE MR R 2B A MU b 248 fu F &5,
IJERE. RS RE. M. FEEME. ZRAZT R BER 8T &
A2 ) F A2 FENEIE Y 3~10°/s I REIBAR AR BT« 24 Roll-Nix LA AE4TF ME |
I, SERRIRIERIBE] 60% /ity JHFERURRE.

ROLL-NIX kA 7 2 T IR S 28 19 B & M I8 an AT 8%, @ a
SRR AR L . & RRE A BEE P B2 MC68000 1Al FHUEFEIR. B3l
fil. ROLL-NIX f&HIFT s Hl g, LA miA ek « il miEslpoc. =
WEAE 12 T35, KFRZHN 0.5X02X0.3 7K. HHIFITTLEL 13 T, &K
FAZIA 0.2X0.1X0.1 3777 K. A E TR B AT Y S e e B ik Tk,
tn] TR s, R 1 B 2 K] LASE AU SE A 1% B R A L
SO TR e, S TR SR, ERAean B EN R ThRE, 1E
J FAE VR I P AT s 28 F T AE A B SRR R IR . 4 BRSO ML, IR
s BB . AR E TGS L EH I T/E, ROLL-NIX B¢
RAEE R 1990 F AT 60 RE, LIELEMIALI 160 I ~11000 W2 ) &5 Fhze
i A LR TAERRANR A AR B,

ff = AERC IR T TR T T F & MBF 5 R. 1981 4F 7 22 2 K E A
DELFT K% 585 FME IR AR HE 65 . 1982 4E 4 22 B K%, DELFT K
2771 Van Rietschoten & Houwens 2~ FIHK & H— 411 5] 5 MARIN #f 52 Ar & 1,
TR ECA T S ARG . 8 KRR A e B IG RN SE S, IF
SET AR AIRIE EE Y DO RE 2 T T, PR T MEATLRA AL R 52 R R /Y
KRR Z . 24N A0 2 R F a7 B A [ MY a4 A, BT DA A B g, B2
BANTIMFA A A, T 3 0 g SRR H 30728 e
i BARS (M. femdE) BHaEN, B8 TF2aMEREER,
i ASSA BLUFEIEE B 3B, FHETHRIT 1990 4F 6 F KL 416 M 430
TR E I L. 288 ASSA W 22 BRI A M 4 T GIER], ASSA 1E
WL T BA AR R, WERIEE 60%, HAHOREE Gl RE 9855
JERRTE B, B & B N BLAER) BVI /A F] ( Blohm + Voss Industries ), 13 R #r
“SIMPLES-COMPACT” T &ZEWi4Bk, HACIREE ™ i >R H B2 FErt =6 e
ML, BhJ158%N, HEREFRERTEE, RN ATSXEM, HZEY REREMR.



1% %i’e.ﬁ.

Bhaf 25 SRR M TR A A AR AR 115, ik 11 WA, R
FrEr= a2 AR AR E B E AL, B R LA E AL B4R AR R, FF HOR 2 RO B
IR ASE

F 1.1 BVI QR MR A%t
Tab.1.1 The application statistics of rudder roll stabilization systems produced by BVI

E L H] J AR IS AR Ly ik G T 31K 3¢
1999 — 2002 M RERGE LCF 24P L 41 PG4
1999 ~ 2002 EEEE F124 7 L0 3 Hafre
2005 ~ 2006 EEEE K130 2 ALK AR 5 e
2006 ~ 2010 g KDXIII 3521 3 e
2010 - &4 g Ulsan-T B4 TR 6 & PIC 4
2012 - &4 i g LST-IT U 5o it it 3 Wi

3. MARAUERFIE S 09 B M AT IR

[ A AEIR R AT SR AP B TP KK 5. B P48 AAE 1982 SFXHAEIs R Y
FIATIEREAT THSE e SRSCRTRNIZ B SR PID #2077 5 (5 LR IE T MBI 1Y
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