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Design of Adaptive Fuzzy controller for Port Cranes
using Genetic Algorithm

Tae-Su Ahn

Department of Mechatronics Engineering
Graduate school of
Korea Maritime and Ocean University

Abstract

Port STS(ship-to-shore) cranes consist of various complex devices and a length of
hoist wire rope. The crane mass changes when loading or unloading containers
to/ffrom ships, and disturbances such as waves and wind gusts are also present during
crane operations. For these reasons, existing linear controllers cannot achieve the
control objective desired by crane operators. This thesis proposes a design for an
adaptive fuzzy controller that allows port STS cranes make a trolley follow a target
position precisely, while minimizing the swing angle of the containers, even in work

environments where changes in parameters and disturbances occur.

This thesis introduces a mathematical non-linear system using the Lagrange’s
equation of motion for the loading and unloading system of a port STS crane. This
non-linear system was expressed as nine subsystems, which are also linear systems,
and took into account the hoist wire rope length and the container mass. The
subsystems were combined with fuzzy rules and implemented with a fuzzy model that
had a similar dynamic characteristic to that of a non-linear system. A Pl-type state

feedback controller (a linear controller) was then designed using a genetic algorithm

- viil -
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for each of the subsystems in the fuzzy model. These controllers were then combined

with the fuzzy rule again to design the final adaptive fuzzy controller.

Compatibility of the proposed fuzzy model is compared with the nonlinear system of
the STS crane for port and its effectiveness was verified. Also, The PI type status
feedback controller also confirmed its performance. Finally, the proposed adaptive
fuzzy controller was applied to the nonlinear system of the port STS cranes, and the
validity was verified through computer simulations. In the simulations, changes in
reference inputs, applying disturbance, and variation in initial conditions  during
container loading work where parameters changed were taken into consideration.
Under these conditions, the adaptive fuzzy controller performed better than the

PI-type state feedback controller.
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st MEol EECE AASHY st S o AAe EEde Ay $3
F 2, FAe EE e 3 SREH ALl AlA(chassis) Hol A S ZE 0
< 9F 30% A= FFEY A 2FA 28o] FUH ok &
gl =3 Agel 2o EEdE AAsta Ade &9 o
o 271 EEE7t 44 A e £ H[25-26]F o2 H

JEES AT AP L 7Y SO|=E STS Ad A} FAS

i

)

ofr
L
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Fig. 2.4 STS crane & container ship

222 ERxm AE <

Edxy I A(T/C; Transfer Crane) ZE|o]Y ok=(CY)oll AA=o] = ZH o]
U stdAdnE4 o= Z g Rl(yard crane)eletilxs EHTH CYd &Rbx o] HH ol
StEE WY Ee WrEsted ARSEY, #4942l RMTC(Rail Mounted Transfer Crane)
9} Elo]o}4 ¢l RTTC(Rubber Tired Transfer Crane) ¥ &7} ot

Arjold Eud YolA B4 £9ekn Qe DY eEN2HL of= EdE ¢
F3 2EHE Ao £53He] F AR fEE. o= E &
MutolAe) HHol o sk e STS azlelo] wakaha CYol Ao ejol wry-
WEAYEe Edxss FAdlo] FFatn, o T gu] AoldA o= EUE} HH ol
U S8 25 A8 Axdelth AU AAse] g Aeedst CYel
AAHE Adolust 2L WFOE Hol Yt FHMD AHolY Hydo] HgHE

9 5
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o)
o
i
o
=)
i
Lo
ra
2
foj
i

o
)
2

b= AAE AastA AlFEtr] Wi dAdngo] Bol £t ZH ool A=A o]
Ue AEloju e} CYell AA == HHOIWY7E 24 WFo g =Hol e FANE dH
ojul Hmlde AHEEH o m Iubdoz AFsHEE WAEs) e oy H
nde &R 53], AssHEE wAEs) Huldd AMgEHE Eda S
el zAsst EdxAy IHAATC; Automated Transfer Crane)olzh 3tH, ATCE
AGV(Automatic Guided Vehicle) 5ol A8 2 ZHo|HE FRloE CYo| HIY =& W
S30H27-28]. oW, HHIHE IS W HHES wolles dA=FHRCS; Remote
control centen)oll 4 RCS =¥ 8¢o] A2 ATCE ZF[29]¢t}. Fig. 259 9%
Edy FRle 2E8H2 72 AFs Bl Qe YEh I T

Edxy FYRldds Sol2E AR, FRAA, EEY JPAAI o, Fa 7
AR 2= 2Eo|A H(stowage pin), Efolthi(tie down), #E¥ 3 E(rail clamp), E
Z g (trolly), 3= E=(head block), 2==d| t(spreader), €& t]n}o]~(tilting device) 5
o ZN1AZA 7 AAH o] Ut

Fig. 2.5 Transfer crane(left) & ATC(right)
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2.2.3 A=Y

A Zr(unloadenNE F-Fol Ax=o] Auto g2 HE &S sttt AL&she Y]
2H Fxo wet FEVE A ge REF A IHse HIFo R, 3§
w2} 23 W zl2)(grab bucket type)a A<:2l(continues type)oZ FEET
2 A, 4, AR, 1dH 5 FES Habuk AHE £55s dgAduate] st
el A8t AN E dFSE 9 Al 23 HIA-HE
st oy dAE ARlel A N ES Bt Y
A2 - A3y AZG[30]5 & AMESa o

e 18
m
LU
o

dEr et wfg fo ] Adute] BastES AAsted AHgste AvE d=2Y
(ship loadene}t 3tH, F+2 A& - A3 Y& At F3ld, 5358 ol “ﬁl“ A
s T d=H7F A vk d2HoE 2ol2EARR, FHHA], = WA,
A3 A=, B Aujolo], & F(balance weight), #lY ZF: Z(rail clamp), ~Eo]x #
(stowage pin), E}elth(tie down), s+E(chute), 7] 52 A7 A2Eo U},

I

O AEYY A=

e 47 H gElol F}RFHE FFshe] R ofojxzd Aol

i
o)
e
f
oft

FhHA AP ES & F A= o L dEke) A . B, 5=
«l HastEs I3 WH3le A8t ettt A4S TEXHCE FYT F Adve o
g stdAn ZR 329 ZFol| wet Z(hook), "} 1u E(magnet) 58 F-2Hte] w3
stE, AAA, 138 Fo FHAUE Jhesith REA ARTds So|2EARA, F
A=, EEY HPAA, B Zo|2EAX, #HY FH=(ral clamp), =Eo|x A

(stowage pin), Elo]t}(tie down), ©]<%7 u)o]o](feeder conveyor) T E(chute), F3 7]

5ol 4A7 AHH ol ek

@ FEAdA 2 JALLO)

T3 AP2a FHAWLLC; Level Luffing Crane)2 FF2] oo]xzed Ao AXH #HYI
FPsta A AEIE AIE S AYE ste AR AP MHAH
= B9 B AX" Eeto]l J(fly boom)e] B ASAY FHe w
O] 2~E ¢fo|ojgx o] o]y} ZAHAA IES FHOE FFo|A It IRkA
= Bl AAH" Fo|2~E gpojojE o T5] WS ol Adute 4
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Lo

B 2 Mg, 3, 35 T dAsES 3t sEY FRol ot 25 WA o
Al Z(hook), 2# =] H(orange wheel), v} 14| E(magnet) 5 F2Hste] FA(coil), I}o]
Z(pipe), & T FHAYE 7ttt FHEAYA AHALLOAE T 2=ERA,
FHEA, FHAYZA, A=A, Y FH2(rall clamp), 2=Eo]A H(stowage pin),
Efo] th&(tie down), &3 (hopper), ©]<% ZH|o]of(feeder conveyor), f7E(chute) 52 %
A7F &= Ak

X H A43149 7] 7](CSU; Continuous Ship Unloader):= Autol A M 3315 S
HE Huolo], 33, EY SO 7 olFst= AHlolth M3l
, 2AF 55 o] &5t A& ow Ma, ARIE, H3M g 2E F
HAstEs ¢ & Ak FeS L2544 EA7F Holval olyA] AR o] 312
=2 Fol A2 Aol vk webA tiFe] HANES 9T wol=
o] A& 7717 AAEEH, =9 st ol mel Wzl dgdolE 4, 3

12

i

OH

A& 717 F 7H de ALEEE B dElE o] g 2l (bucker elevator type)S F
2 Mestde] AL A3 M-S 9'4&1]0]0101] Ao ® Aapste] dube] &%
U ol A §]X4/\l74 Mg 55 2 Fo 9 F YT fHo]o]E o] &3t Al 3t
oi A

ol

AZ4" FF gdulo]ofo dojF= Avlojtt. stHE &0 1 FHAEI Ho] Aukg
AHESHE Al d At FAES ARt S Ao A Ho] ARESta AT

AFEY 24 (vacuum intake type)2 X FHZE o] &3l vl F H|Fo] e JIES

Hog 93t oty ALy B @Alo] A 3E AHgsHol Y

o)}

H
Sol WAt ol Utk 2T A 9
A gl AAE wES

E =2 <fgstd A Z(silo)

W E-F7|qt A (belt-air pressure type)2 T2 FE3tHZ el AEHT. 7] HE
o

Zd o] of %%ﬁ?ﬁ.gi WS wrE T o wiEdA F7|S JtEte] FES 7 <
oA 9= Fol &d F iR ﬂtﬂlolcﬂa o]-§3stof AH] o] AAHE FF Hulo]
ofo dojF& Anlolth stHEE e woU = oo AF FEO] Bol FErh
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STS =Z#E¢le] F8 &L 34 Fo|~E ¢/th(hoist up/down, #BAH/EEH), ES
Az /R (trolley forward/backward, #3), ZAEE] $-3Y/z}3(gantry right/left, travelling
right/left, F3)), & Zo]~E <¢/th(boom hoist up/down, ¥ H4/A3sH v 7HA=

Uz 4 Atk So|2E /e 22z r e A olYrt § offfE FFols T
o, EEg X/FXL EEF Eﬂ]‘%‘:(fﬁ% 232y, dHolY, 2F4d)o] Hinp &
EE §7 o8 gHole FHolth Ed, AE $H/FHPL A AT} o] =
Hol AXE HY follA FH= %2401% S&olH, B FOo|2E /e ol 7%
EE FHE AT F A=F f-okE fFAHcE FFHoEA EH #X(boom

43 (boom horizontal) AEl7} Itk oI 7|ol A ¢ -of, AX/FZ,
)/ &4 vt 28 dielRi 9= IgQ ZFAE J|Fo=2 A Fo)lx

E, EEY 3, 7 & 5 =THe =F A vHoperator’'s consoles)oll A X|F
ZZ g9 xZo o] APHrLt B Fo|XrE xEFo EH zEa xzube] FA] H

E 91X (PBS; Push Button Switch)el <8 S&aeh. 1 9o Fa) @ ==l

(gantry leg station) =& 7]AA WAl A BHEE 317] 9 52T 4= Aot

STS Z#1e] ¢35 AYPxF = So]LES F3 HEo= HeFow %t
Fo] Hu AFE 22L W FTO|AE ¢ -Thgo] Hrh B F2E 2FL IS
Elo] ¥ 9o MR vidE B 2ol AP Fo|2E} FY 2T HHS
A oz Hol gtk F, Mgz Xe) o3 Fol2EY FY& WA Mests L
zFo] 7hestes Hojdn I, EEST S F Io|2Es §F 234 HAE 5-E
2e A 29X HYFoEH Fo] st 2o AYEYL AYxT
g7t SH A (zero notch)ell l& wWwk 7hesith So]2E 2F2 AT W9
A% wA A R3E AEHS AR Aol Fo|2ELESE FHAL EE
Zob Fo Balo] @Al AYxF @Ml =7 | oed sERR zEd
o F3 2 EZE AYxF AME 353 2FsdE AU WA &
=5 31 At 442F dAvE 343 FRAAZ 24¢ 7 W7 A%l By
Y £EZ g&E F A Bolar} BE AT
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D 30| 2ER

STS A@ele] Zol~E4AE TEREY 4 4317 F&7l0] o5 B4R FY
olgate] sfolojzze Aol HEL A4 AssE AA T Fig 269 2o 75
SE A6 AR He] gom, 2EAT} AUxF dME Ao 2T

@ FYAA

STS Z#lele] 22 FPAAE JHRE ) -G8 g&710 ofs) BAH 5
9 olgate] PYa sjolojzne ESYS WY % wE §4 Ko JEAAE A
Aolt). Fig. 277 2ol TERE ANl HAHo| 3lon, 2FA/ Az @M
£ Agoe 2FHT

Fig. 2.7 Trolley traversing unit of the STS crane
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Q@ FFZA

STS ZHQlel FaA= H7|(bogie) AXetiis 3, FPEH| A 93| H7 7
719 o3 HAE FHY& o] &3t FY & FEAA AYAES o]z HXH
g oA =27HA st= XA olth. Fig. 283 o] FuF= Zdd 359 t
(legell AR5 of glom, =FAr}t APxF dAWHE F5sted 2FdATh

Fig. 2.8 Bogie of the STS crane(left) & RTTC(right)

@ ¥ 3o 2ERA

STS Z#ele] ¥ mol ~E(os03AE FEEE 4 dslns g&7lol o) 24
A e ol gate] solojzmz F#clel & wHAL AYFE Aol Fig. 2.9
b gol FERE A A gom, Aoz =EAI NS ol MWt
beam) flo] Aol Yt ¥ FUNA 2FHT. ¥ FojxEY FAEEL HI

5 [min/one way] o]t}

Fig. 2.9 Boom hoist device of the STS crane
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2.3.2 FREE A# A 7AAA

O z=Eo)A A

2Eo]7 H(stowage pin)> A# o] AlF 9X(stowage positiomel] A& o, & #
AE A F3 AFHA AS W Z o] v o5 WA RESF sHr] A5t
AAHY. F5o® AFHa ZFdHe Astsed o3 A Hpin cup)ell AE A
ste] AHJAS TAHAIIAY FHE A A AL Wol AN 2Eo]A] Ao
Sz gul 29ALSd o8 1H E=E AALEHE HArHoFE gty k.
EolA # FYF2 B EFo] o] Aol nAHHo Y& wols FHo] Evts
stoh. webA RIS 2FE7] Aol WMEA 2EQ]l AL A A Ak Tk 2Eo]A
AL AR FEHZE &Y TF Ev AL W7l Y w 7)deld o8 sty
A le] FeA olFste e WAeHE FAZH dRiH oz IRl uith &3 &
A Ze] ARl FYol 1=EF #HLe 9 AXET. vt dAHE kg
g Rle] 2Eelx A HAFS 7311 FHle] AAHE= A9 we a2y, F
&S AWdA 207 E FololA FAHAS A O 2o Fig. 2102 ALY E
Yo ~Eolx AL YERI SUTh

o A3et: % 551]E] o)Ak

o FalIQk: =% 60V E o4
o Gk =% 60V E o4
o E Z: 2T T0VE o4
s =S5 2T TBUE ol

Fig. 2.10 Stowage pin of the port crane(rectangle type)
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[e]
fL

®
o
o
o
1

Elo]th&(tie down)> 717 o3t =& BF Fol 93 FHoE Aol JolA+=
WA st AAEAN AERAZAetas FE. Fig. 2113 Fig. 2.129} o] glo]
Aok Add AFELE ADFEY otk Lo wE FARET Bolthe 479
o 2as AHFo] HdxHo] glom Eo|thy AA7F AEE AZAY. Bolt
ARtz oz FHQle Zt byl F&e Hig Fo 2%, A £ 125 HAsa
gor, e F(turnbuckle)2 AWl 7|2F4%3 AZHA ot FHAE AFHAL=E

o & L
O Ho e

flo

Fig. 2.12 Tie down of the port crane(2)
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A 2 (ail campe AYEF A2 BFold BUAE W AL BRI
UG FAZRA 2% 35me| ZE32= Ze|ele] v WA ¢= Aok
Aol AL el o3l olFeiAH, A wel He Zo] vEAsm
29 AMCS)9] F43t A o] Foith f¢h AAHE 2 F
o ~xPe pREEA AAET. 9Y TRz AT virE AEE
Aol FY AR A dre) ARE F2 2xPo Foz ook AFE
GoRT JpestAT, wxle] tiEsly] S8 AR AFAT ATHE AP
& Adr el o] £¥Ho] wole AF8aw Y 2xPo] Ft AAFES Poju
A ABBIAIT A% A AAE FE olfE Adde B4 2¥HT ¢ F

o o FAYPY, 222 F By o]

rir
Hy o

ol e
k)
[
L\'L (-
e
I
fu
vy

29
iy
o

[«
Ok

EEY= Fig 2149 #Zo] Zddd AH 9 w0l 2Xd 3 dd A= o]5staA
shtol glolojzzr ddd 2ZYUE ol&ste] HHOHE vtk & & A4 £o
2 oAt EEY Y gdoe ESHE AToE AE-AAANIE #Ul =9
A(limit switch) @42] AHZA7 Ao ow, §A F spito =Fdo] F2y

o it}
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Fig. 2.14 Trolley of the port crane

S
[
e
J

(head block)> 2zt E& F2et= 2l z& H(difting beam)© = Fig. 2.15
Oo]2~E ololojgxo| o5 EEE] g o AR wigy ot =

oz

ot

Fig. 2.15 Head block of the port crane
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® =2z tY

zxgH(spread= HHOIY =S oA =° 28 Wee AA=2H S
(flipper), & 23 (telescopic) BA| B EY2E & F(twist lock corn) A Fo] A
Atk EYHE 2z E AeEoly flol FAFAZ W el g4EE Tlol=
Ay 2~39 A 22y HHE 209 EofA] 409 E(EE 459 BE)R
Fv Aotk 2=t ZF BAgo] HAEo v EYZE F &
Y 9g] FE3 AFste] a5 FYS RHESEA dEHOWE

X
i
fo 2

Mo Mo 12
oX
S
B~
>

o
=
o

ot
o
=)

L_&*

rl

o

YAY HHEsS W AR STS ARl st9Es F4ES sl A EY ==
g, 99 2=y g EgE 2xduE /3418t AHgStal Tk EY 2z

© 409 E HHeolY Dl == 209E AEY 27E sl AFE 5 Jdon, ¥y
2ZHHe 409 E HHCY 270 e 209 E HHClY 18 sAl AFE Aok
EYZE 2zdvs 409E Aeojd e T AFE & Ao Fig. 2169 4%
¢ 2xzYy, LEES Iyt 23 Yy E el ok

fu

Fig. 2.16 Spreader of the STS crane

@ 9" Hulol 2

g8 fulo] A(tilting device)= €™ TLS(Trim, List, Skew) ZX2t1 = 3, 2F F
71012 AH oYl 2z HE 257 93 Aotk Ed(trim)2 Adute] M4gn 1)
Fo g, PrEE H9d WFORE 7L AL &3, 275 AA e WAA W

SF

o
fru
ot
2
i
2
X0
rr
Y
o
i)
%
i)
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= AWAGA

&= @A (boom latch) ZA&= #& Eol &8 F & 9ojoj2xo NS FA
R3357] 8] BE& AojF= AX=ZHA Fig. 2173 o] o=~ nl(apex beam X+
cross tie beam) el HAX=o] Jrt. & HWAAA = MU F& HojFe FAEMH
opF| 2 Rlo] with & .90 27H7F AR Ho Uk F& ¢hAE] A H(FH G ZHE
oF 80%) HXAIEA sholojr o] Fo] JS|AA @gomE gojojrze} B A4
THE B3 F Ak golojR o o3 Fol &8 I FHS A&t gpolojz )t
I 9loH, sfoljojR e A ol HEo| o] ALt 2Hg3)
Ho| Hyolae spolojzzy} W AYH G ojAof Bo] 31F3HA ¥o

3t WA "ok &, ofH s Hlo] HAFH e B HA A= B AE 0] £

S NAFeE HA Fo AAAFT st A A

AAE otk 5& €8 W 5 T FARAE A & #HAE 2 59

&
Ir K

a

)

A4 HEo} AFeol NAES WolLeln ®HI TEHA 2ow A5

= qtejo] amslo] YAk 2mao] o] WaEo] szkate & 4ol

Fig. 2.17 Boom latch of the STS crane
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Al 3 F5rg STS =& =d

grg ZHAY 'BEFHA FS M ZEAE FABAH Ak Aot
AAE o oF dt. B =EdAE g FukE Rl Sl EEEU) goloj2 o
o3 olFstal, EEg o] wEd HHCUE oolojE2EE o] &t -3t olF
A Z1AA A"eoly k- A3 Y-S F3st= STS(ship-to-shore) = #@ Q1o Aojr|S A
Astaz gt ol & fsix e A FREE STS A tAAI = 34 ndS
A= Zo] dasirt STS AJ L 2F 5 SO|2E ofoJojExo] Ho|7t AHOR
HelstA =i, sHES FAgste W AtelE mith 2zt o SEle dH oY
AZFE Wsste §EAE 7HA L Ut ol e 9 F w(external variable)®E <l =

.

Qo] WY Fotd mAE fEsitEs we AYAsdos EdsE Zol ue o
k.

webA 2 =M= STS 2 stgAl "l 2Hget= o F He(Fetv e ¥
3t H9E 7HAdska, sehv]E(parametene] Wsto] mE thEAQ AFRW(HEA 2=
)& TRt 2Ea o] & ol &ste] RIAFAZE Y FARE SF
45 TR B, 4 MEAZE e} ALy EeR
£ AAlstaL, ol& AARD AT &R AXAGst AS Iﬂxlﬂ]oiﬂ% 2
Alstazl ot A3FoM = olek 22 Ao AAsr] 9 Badd LS, »
o] &, &9hg STS Zele] o2 nd f & 3l HArdod s =2

A sdste 71¥ T StUEA AAANA dovs Ad
r T2 AFH <undFoesr BT Zolt. 1975d ﬂ%&i
Holland <3510 <Js] A<= a1, Goldbergl36]el s w2 W& o] £t FA
dagFe dA] M3E dor7] A8 HAde dAsoF sk, o e UFolA
AR, wn, EdHolet 2 3 A4ATE AEskA "ok
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EEE!

G459

+145-46], A5 A

2 5H37-39],

A9

[40-41], s A =8 o] detu|y 4 3l Aoj[42-44], A3 =72

2][47-48]

s}
o}

ge Robol 4451 g

p=S
[€)

a9 o) 9 (gray

o] @4 (binary coding),

g =gy e

s
coding), A<= (real coding) 5ol ATh

%

i

shuet Ay

o]

-
.

te ARgRith T2

S

(chromosome) FEjE w3

[49]8 7}A| 7 Tk weEla] B

ALg-3T,

i
il

Bl

A =H G o] A5 FdAHgene)E A<

S

YU E 52 A

o

™
B

Eol did = t&A7

%

=0 9o
- v T

¥4 %

A%

M E

oA ek bellM WF7} Y=,

Al d5. xAlthel A =271 n

g H{E

2

< Althol uwhet

o] ke =7

(3.1

3
pal

g ojn)@h.

21A)

P F RAES A
A8 A WelA melxs)

N
N
il

—

nd
A

gl

=
=

[S]

o127

Fof Al el A 2y

S

3,

A+

=
=

(genetic operator)
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O A4

A A AHreproduction) A L] A ES B FAAMAR ZF ALY HIREo|
et Ae W AAES AYsta, 2L JHS st WAYZeI T o 34
Bl A e g MAES 7

SH H A, HE = HaApRYEo] o] FojH
A7 APEFE 2o FAAS 71 FJodoz WA I B =REAE goFdt
A AARE Thodl Tl el AR A AHL1]S ARE-gh T
@ 2|
afl(crossovern)+= AAA AES AXHATS 2HFsk AxAlZ olE F3 HEA e
FRAA7 AR wddT st Feo] wrl AARx52-5417F AtHEAon, B =1
A= AT ﬂH[SO]E A3, ST wu= *dEEQ M Ol—?" 2 A}

s AHZ usled &S FAs
combination)sle] #A&=& A= & wujES Z2Eg Fejo|t)
Q =AM

Eddol(mutation = =g 7l AYPFE A ko] HH ¢ so ZHS G4
2 FAFEY AZ §HAY Tk Aoz A Ad(local solution) EE= AR (dead

cornenel WA 2 F Qv BAHES BAS7] g Aot gFs Fddo] A4k
ZH5417F oy B =FdA= F3F Ed®ol(dynamic mutation)E AF&gith o] A
Hol AstzateE Ald) 7] d gAFILE #5% dEE gAs, st dgEr
= A9 gE Mgyt EAS 7HA L dHh

3.1.3 A= H7}

TG Fol WEE AFsHA HY HAHsjze] 3 A=E Aot ol

Ao A= B 7Kfitness evaluation)® wrFIch. AP, wHj 51 =A™l A4S F
Mz Hdo] F4HY MAe] Ad=s FHFFl i) Brrdn o] A= 2
71wt w5 Althell A A= BlEe] AR EY. o] AAAAM AFErE 2 A

2 o}
7} o o] AEEojol slmg HIT F4= Hu s} T,‘:':zﬂi ¥R, &9 e 7}
AW ok " wher A28 EAZ J&HE

3 EA2 FTds= Ao 7535
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3.2 HA|o| &

HA(fuzzy)= ol FE3ta ofumEsitts SolH, AFAAolAE “AAV EY
3k olgta dj At Ao 312‘4_5}5}. 3 %] o] &(fuzzy theory)e ofjuj R &3k <1719
o] & OIE‘r HAAGS A Foa AxS

=

o

N

Py

rg

T

o

K3

=

rr
BL&F

I

o HU

P

é

o

‘r“

rlo
[r ro
fi
2 4

o=
ﬁo_u

N
o o
[N
L“EFJ
2 o2

2o oo rf 2 1

ko
2L
¥ :.:
_IlN
E
_Q,
o
2
Ea

HAG Y EFL N Rsd FHE A5t A 2"ES F58=d AT
03 12 o] Fo]R o] =g(binary logic)E =& < Utk
%, AA SdugFL FoI AAA =" g FEI F5H e 7R )
712 RSS2, Awvte A
= oNfgH(fuzziness)d] HFAHE =
o8 EX% sjeddEok SRk 2 v A 2~H 9 "‘“ﬂﬂr Aol &
o

$&= I itk

3.21 HAAHT
BE X3 crisp set)> AARTFTe dA&Eo] AAZTEA &
%A &2 Afoe XIANA et S, JAFe A4

=
EZgH L, 25457 00] HH 2FHA F=th

e AAAGAL A EE =g olg) o] I mE ARoRw AWstE A
o Be ARe AL YTk B Sof o LAA 77} 2 A Huss 49,
offl AT WasA J7h 2 AFel TRHEAY m== A, o AT ofn
OFdE BREA Eoe 2U@ 4%% 2490 =3 ge s sEes nw
oW 77} & AFol EHR AT A7t AL 1FOE olFaok = AYE AL
S Utk olAY WAF AAE HAT & Y= ATlE Y2EH olF Axst A
o }:@% 7}%@% @7 EASHTA e Aol HAYFeIh o F o, W& now
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(3.2)

{(n, pr(0)) | n€U }, pp(n) : U0, 1]

F:

AZ1ANA, pp ()2 HAAFGE Foll thgh no| &&es

a&HE AEE oJvsE, 03 1old g st
a&Fre] B4 e tad, 53 a535E

Aol Aol
BEL!

ol
=

X7 & HHeE AAFE
o2 HASHE, A o] 2, H A

SRR

322 HAFE
H A Z A A 2~"l(fuzzy logic system) A] 2~El
HZA] “IF—THEN” #3&& 7|¥to =z g},
g B ERE o] FojH glomn, Fig. 313 o] FAHATH

= 1=}
“zl"%*r‘ =

Crisp value

4

Fuzzification
Interface

ﬂ Fuzzy value

Knowledge Base
Fuzzy Inference
_> .
Engine

A 4

Data Rule
Base Base
ﬂ Fuzzy value

Defuzzification
Interface

4

Crisp value

\ 4

Fig. 3.1 Basic structure of fuzzy logic system
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O AA s}
3 =] 8} H-(fuzzification interface)= #|ojA| =l A] A=
HA 22 Alx"Ho] AL F JYEE HX| A S ALt ZZbe] Qo] gt A%EHs

(membership function) w¥}&= A o] T},

@ A 2o] 2%

] 2w o] 2~ X (knowledge base)= o] ElH] o] ~(data base)2} T2 H| o] 2(rule base)Z
TAE Atk delguol e AAHFY olqkst F Aatst, A=Y I £
2, HAR O AHEEE A5 FH Sol gk ARe Aosta vk o 7)ol A
oj4tstE AL o HMAFTS HFHA FAE] fal o)A FogE We
st Aot AFste AAYRTLS AFRCE HEse Ao [-1 119 FHos ~
AY-S Wgtste] Afstste WHo] AHgHET - EE‘, e HAEEL =9

™

FH o]zt HA Ao FHof 5 i o) AEs) ool WA A o3
o E3dh AnHow WA ATFH TgL A B8Heh Lo| “IF -~ THEN” o A
Foll o8] AR Ah no® o|F|Q AAMARe] Uoli, A4 mo o|Foj7
AARF VY, A AFHY HAHzARE T HAAG F, % F, 19 BAS
st e go] HARAR EAHE AL ofv @k

3 K}
o
o
e
i)

IF uis F, THEN vis F, (3.3)

AZIol A, usk v doF Weola, = A Fi Fre DA Usk VodelA

A== Tshorty, fongy &3 22 AAHFoIH. F+ He F, 34 F,o a&dss 4
2t opp (), pp (m)oIeh Tuis Fus ARAREAD, Tvis Fps FAREB)L 3

.
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05 0.5
0 0
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
(a) trapmf (b) trimf
1 1
05 0.5
0 : 0 .
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
(c) gaussmf (d) sigmf
1 1
05 0.5
0 c n :
-1 -0.5 0 0.5 1 -5 0 5
(e) dsigmf (f) gbellmf

Fig. 3.2 Examples of membership function

@ HAAFER

YA F&F(fuzzy inference engine)x HAAx=d3 FA2 o FELS ARGt 12

Hlolzoll = HA AojqtH oz HAAAHA et AA =

@ WA 55

H] 3 %] 8} F(defuzzification interface)= kol A

AA A"l AHgstr] 9] BE oz W

HH 23} o= of2] 7k W o] 9o m[55],
AlZAH(COG; Center of Gravity)o]th. F-AlZFA4]
Tt 25 W EY56]02 kgt
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3.3 3Tg STS =F ) 483 =

Furg 2ol el Erlde] ehso] Mo Mzl RE Afolo| A A
o - HaAYL FAsHE STS A<, Aeoly Eude] okt M=ol o]
U oFE(CYISH olAwl el AHelY AN gAAYL FAsE Edsy 29
(TO 2 AWHoE AFPFY o] dxso] N2 -IAJE-FE 58 A8
o2 #ostt d=Hunoadenst ATk ol @ Fug AL BT e
FEEE o|Fod gom, HH s 155 A58 3 gk

4

B =RoAE olgg I T EETE I3 golojzza H-F olFA A, 7
HolUE EET slFoA To|2E gfojojz=za ujFo} A3} o] FA7IHA ZAHo]
IECL ﬂrdrl}?j S F3P3= STS Z# el 48H7 melS 218 %|(Lagrange) =54
A& o]&dt FEI=E St

ZNAN2E S dHsta 818 mds fEstsd doiA 7P F e gl i
H(Newton)e] &5HAA S o] &3t AolAR gagdA 5UAHAE FH 5%
A2 gEo de e Wy F9 shdelth tagA 5 AA Y A &
AL H&3taa ste Az gigted I 5 /M &2 FAY F Ae HFFAE
Ag &tk Zlolth AN o] A, e FHFEANA HE GES FYstd 1 A
o] 7} R siFsts HAA7F R Ao ke sHHol EAGT o] S
iili‘ﬂ(holonorruc) zrlolgtal shH, ol 37_?43}“ A A7} 7HA = A z}z} o)

STS #1219 Satal Bae f=sh7] 98] g A2He AeeUE 432 olF
S

NANE ESYRG ES

ich
i
[
o
il
o
oft
>
Y]
rr
[t
fi
ich
=
ol
dr
b
-
b
N
b
s
kv

sk SIS A<l stfA2He] &
Ao Aw HAR2AES destste] G Zleolnt. o HAxEFH AH Y AR A
& < frEs2 2o
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DC motor

Trolley wire rope

/

Trolley ( M)

~—
EYCHINOY:) / &%—.@-@

J

<«— Hoist wire rope

a

. Head block &
spreader

Container (m)

X

Y.

VY

Fig. 3.3 Coordinate system of the STS crane

Fig. 339 Azdlold x= 2220 +33% R(EES A, k= 22 53

B SR(ES £5), ok DHOU(EE 30| 2E gojojzm)e] f2d f7 2t
YZA AA kel akel Zholm, 4t AEolY E£5Y ZE=el W
/

< EZT A HH oY FA7MA S A,
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kA AdEloly el FARE (x, v 4 G4 2

X, = x—{sina, Vo = —Llcosa (3.4

STS A9l st 2EoA EE R e F984 oz Ex +549A E,
S} A oA E o oz yepd 5 Utk

WA, EERe oFo }E & &350l £, B EE o] wE L5y
(g eEANUA) B9 Aol oFo mE LB (HHY &E
A) B2 TR A4 H olF gt Tad. A B2 £5uA K,
= g B2 3ol Eo o7 LU (R FHolF LEUIA) B,
E2? TERHY Mo o3 LENUA(ESE TERE W LFAUA) E,,
2 Yol A7 & v B £5dUA F ESge F£3ol5 £EAUA L,
£ 4 659 27, 52 TERHY HA eFUA B, & 4 (67 2Tk

Exp = 5 M, X (3.5)

X (3.6)

A7elH, M= ESE TERE A9s ESee] AP [, TERE AR
WE, 1= FERES TUd WAS, RE U579 slolulolth nfeka EEE &
BUAE 4 (359 G629 Fo=HM et go] tEhd gl

Ekt = Ektp+Ektr (37)

R 2
& M= Mt+1m(rg) oW, FEFE XTI EST AFolth
d
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AH Y &FAUA E = BAl HEH U 3ol Fol o7t &FoluvACGaH oY
o] FHolE wEANUAD Ey, o HHIU 3o o7 FolvA(E ol o] A
EEANIAD By, 2 Wl A4 5 ok

Aol £FolA F Arole] $79ol5 LEoUA B, = 4 39} 2o

By = %m(\/x}f ) (3.8

A7) A, x, = x—Lacosaol®, y, = £ asina°]th

T3 AHoY &FUA F AHCJYY A &FANHUA E & 4 B9 ETh
1.
Ekcr = EIC az (3.9
AANA 1, = Lmee AR o ol

HetA Aeol $EUA B 4 G8F G9e) Fomm g Lol v
& 9k

Ekc = Ekcp + Ekcr (310)

= Iy +3) L

A%, STS 2 HgAsde F eFUA Byt 4 G G109 FozA o
&3 o] vehd & gtk
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Ey = E +E (3.1D
ol e 1 72 -2, 1. -,
= gMX +5m( X, + Yo ) +51Ca

= %(M—&-m)if—mékd cos a +%d2 (I.+m¢?)

geom STS 2ae] st st SR ga F 9AUA E,= Az
9 mE Aag THasY qUA GO dehel, durom sEdelA e 3
ol % AT 2z e BAA Al o Acw TRY 4 v 1dd E

gelt 712HAA FHYFORT 2Foh7] wEe] o Az AHAUAE AH ol
Y shgel 59 gAUATRE Fejste] bt Lol JEhd 4 Ut

d

E = —mglcosa (3.12)

p

ZTetd, STS ZH A9 sHA &E oA EEgFoll tig 5984 A Exe &5
oz 9t YAAUA] oz A EZE 2 B1DF 3125 Tt th3 Zo]
Ehd = Ao

E =E,+E, (3.13)

= %(M+m)k2—mfkd coS o Jr%dQ (I.+m¢?) —m glcosa

olAl 2 (B.13)& x¢ a°l Wi 2tawAH(lagrangian)¥ 2t1gA] WA OE FF
3te] x¢F aol thsle] Astd, S e EEYR F98F oA ik 2
o}

MAE Y MRS AL 5

0 o
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—(Im,+m¢’m,)x —(m*¢*+I.m¢)a? sin a

M+4+m)l,+Mm/¢?+m?¢*—

(3.14)

—m/m,xcos a —m>£*a’cosa sina

m?¢%cos’ o
—m/c, acosae —m?*l?gcos asina + (I, +me?)F
M+m)I,+Mm/¢?+m?¢*—m?¢*cos’
(3.15)

M+m)Il,+Mm¢*+m?¢% —m?

02cos? a

—M+m)e, o —(M+m)m g¢sina+Fmlcosa

(M+m)Il,+Mm¢*+m*¢*—m?¢%cos® a

o7 A, FE EZE7 5 REo 93]

A%, ¢ & AHolUe HAASAFolEh

Table 3.1 2 (3192} (3.200¢ w]&A

2ol Yehd STS A8 9l st Al 2"l o] ZbF g Aol
Table 3.1 Parameters of the STS crane

Parameters Unit Descriptions
o [N - m - s/rad] | Viscous damping coefficient of container
F N] Driving force of trolley

[m/s?] Gravitational acceleration constant

L. [kg - m?] Inertial moment of container
¢ [m] Length from trolley to center of container
M [kg] Mass of trolley with actuator motor
m [kg] Mass of container
m, [N - s/m] Viscous damping coefficient of motor
X [m] Horizontal position of trolley
X [m/s] Horizontal velocity of trolley
a [rad] Swing angle of container from vertical line
a [rad/s] Swing angular velocity of container
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3!
'S
=
fr
[
i
-
of
ko
a
it
b
p]
r
ful
i
Ach
=
of

)=}
T
A7bHE Age HFE ASIHA o7l ESe

H
A7}E = YA} uste] BAZ FaATh

Gear box

u ( # )

n, 1, ©,

Fig. 3.4 Actuator part for the STS crane

)2 AH B2 3 F2 ZesA Aok drlelA TERES dPAU4ES u

ANAARE 1, A4 AFL R, EQ A4S C, A/A" A45E ¢, HH5S

He 5, HAAEEES 4,02 FoleT, stojo] =do HALE n,, 3%

2 5, HALEEE o, WASL 2 AT} olu), #&rlel AojuE 1,2} &3

TERHY ad duEs e AW, FERHS QLAL ud FEREH 3
Tl Eﬂ‘]

nol BAE e} 2ol Uerd 4 ol

L R T Fry
== o= 2= o (3.16)
u=LR,+C,w, (3.17)
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7)o A, EEE OJFEHE x = rjw,°l B2 9 AE5S oA AYEY, o 2ol
o}

X =1
EZZo] &&= @ Fob 7e2H A7tEE d¥98d uE 78 =+ 3

2
ngrgnm Ct ngrgnm Cbe Ct .
u— X

F = (3.18)
Rard Rara
R,r TeChe -
u = d_pg ey (3.19
ngrg nmct I'yq

A7 A, p Aloldtae] E&, g, & FERES A7) - /AH B Jehid,
2de g= Aoz 4B Table 32= E€E FERo 2% selvgE o

Zo|th.

Table 3.2 Parameters of the STS crane actuator part

Parameters Unit Descriptions
I, [A] Armature current of motor
Cre - Back e.m.f. constant of motor
ry - Gear ratio in gear box
C, [V/rad/s] | Torque constant of motor
n, - Teeth number of motor pinion gear
n, - Teeth number of driven gear
R, (2] Armature resistance of motor
ry (m] Radius of wire drum
u V] Voltage applied to motor
7 N - m] Torque of motor pinion
Ty [N - m] Torque of wire drum
w, [rad/s] Angular velocity of motor pinion
Wy [rad/s] Angular velocity of wire drum
~ 38 -
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333 433 3 FUE 4

o dolM= EES] RN E AA x99 To|2E spojojmz o] g ik
o e e 24 BiAdd 99 mEEAAS ko] 4 G149k G.15el yEr
< Ad#@stetr] st o] W3t vasita 7HY

Stal, o = 0 FoA Eﬂ"‘?ﬂ(Taylor) HE sk, a3 22 A¥ vEdAy

s 7% % Uk

. —(I,+m¢*)m,x —mlc,a+(I.+m¢?)F—m?l*ga (3.20
X = .
(M+m)I,+Mm¢?

. —mfm,x —(M+m)c,e —(M+m)mgla+mlF
o = ; (3.21)
(M+m)I,+Mm¢

2] 32003 32D STS Z#19 stgA=Hl § EESFES g A=
g dAE w27 AsiAe A7l EEY FEFE EFAA IH 4 QG203
@.2Del 2 (3.18)S thdste] Aelskd, tat 22 SIS A# e st =8 A A

e A8 PEegae 2 4 gl

=

. —m?¢ig N = M/ e . (3.22)
X = .
M+m)L,+Mme2"  (M+m),+Mme2”

—{(rthCbe(IC—f—mEz)-&-mVRarﬁ(IC-FmEQ)} .
2 2 X
R,r2{(M+m)I.+Mm¢?)}

r,C (I.+m¢*)
+ o7 U
R,rg{(M+m)I,+Mm ¢}

. — —(M+m)c, )
a = (M+m)mgl So + S Q (3.23)
M+m)I.+Mm#¢ M+m)I.+Mm¢/
—{me(r?C, Chpo+m,R,r2)} . r,C,m/

R (M Am)L+Mme?)} | Ryl (M+m)L+Mm )|
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=
=2 4=

, "oy &

21 (3.22)3 (32304 EEE A x =x,, EEY &5 x =X,
o = x;, AHOIY BEY AEE 4 = x, 2 FHEES B, ¥, = X = X, X = X,
X3 = 0 = X, X, = aO|BE o5 thg¥} o] FeAoR el £ itk
x =Px + Qu (3.24a)
y = Sx
X 01 0 0] [x1 0
Xo|  |0D22PazPay| [X2 G
X~3 =100 0 1 % +lplu (3.24b)
X’4 0 P42 Pag Pas| |x, dy
01 0.0 0
0Dy Pos P q _
ei7lel A, P o= | L Q = ol- S=11000le, AHY 2+ Yo o
0 D42 Py3 Pyy Ay
T
—{(r2C, Cpe (I, +m )+ m R r2(I.+ m¢?)}
D =
- R,r2{(M+m)I.+Mm¢?)}
- —m?¢3g N
® (M4 m)+Mme?
B —m/c, B —{me(?C,Cpe+m,R,r2)}
P M4 m)L+ Mme? P2 T R {(M+m)L+Mme?))
Do = —(M+4+m)mg? b = —(M+m)c,
Y MAm)I,+Mme? Y (M4 m)IL+Mme?
reC (I.+m¢*) r,C,m/
q = =
7 Ry {MAm)L+Mm ) 47 R {MAm)L+Mme?)
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webA 7l M= AlaEle] vt E7E MEkshs Sl = STS = dle) widd
StAA2ES B o dste Zo] Jbed AARDS TS EAE HEH
olFA TEY HARL L &y AldFolA Xﬂ"PO}% A& HA A 7] AAC 1
2 AREE7] wEel B =&l oM AR FAL AorE HASH] oA
Aol o] FolH ok st TaT FHAo|Th

i_\n

-

3.41 HA R
“IF-THEN” #3& A889 B A0 434 A 2de 238 5
e dAold BAZL Fhsdith dzjdldE B Rl BEad s HARwY 7]

el thef vt

rie

=EolA = Takagi-Sugeno F2H[57]9] EX3 3t =2 HA|F2o FHARE
(3.25)¢} #Zo] 1a & ARFOo 2N AlzHlS Fdst= WHES AHETh o] WH
AdHW HAFH A7t BA Frgts 1xte) vAE TS F gAEE ZH

7EA AL A EH58-591.

o rlo 1>

IF x, is F{ and - x; is F{ and - x, is F, (3.25)
THEN y' = rj+rix+ - +rix;+ -~Frix,, fori=1,2 -k
A7) A, x = [x; x, - x,]ER & YEHE, Fle AR AR, r

Bo A getvE, kE HAFRY AFE guey, HARAY HEF =Y yiE
o UY xol s 7tEHFoE AR

= 34

N
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—_—

X
5

™

=0
gl

3

B x7b HATF

BEESOER

=4

(3.25)¢]

A
s

=
=

oy

s

st YERd Ao 2ZA 2709

Fig. 3.5& ©] 7/fde =43

KB

ofu

)

Small

THEN y=0.3x+2

:IF x is

Rl

Big

THEN y=0.7x+5

R2:1IF x is

Fig. 3.5 Example of Takagi-Sugeno fuzzy model

il

A

-
o

(3.25)% EHH

Al
-

A, A (3.260)0 Zo] Aojitoe =z Fof

S|

Hoz &4
el M =

o

tel MAFHo 7]

7] &5

g

[¢]

d

B

o)
o
S

)
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IF x, is F{ and - x; is F{ and -~ x, is F} (3.26)

THEN x = P'x+Q'u, for i=1,2, -,k

A7l 4, TAR Pix+QuE FFH HNIPmde A B A 2~ (subsystem)o] g} H
= A

2 MF uis F;, THEN v is Fyu ¢l HIAFA 28]z} F2H3 o) A]

ol e WA FH o] HgH Axdle] PO o] ~E sfolojwxe] o] (3} A
JEBREE:

m al
de ey o] FEHT

YoH{P'x +Q'u}
— (3.27)
Y0

1=1

X =

K
= 'Efi{Pix-l-Qiu}, fori=1,2, -,k

1=1

A7|oA, ple HEZERAM 4 3283 2on, ¢ 24 3299 2o] Hodh

r
dip' >0

i=1 ,for i=1,2, -,k (3.28)

¢h= 2L (3.29)
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3.4.2 M BA2=H

HAARES] AR dwrdoz 2] (3.24)9F 2L MBEA~HE AEHS Fo sy

2 FAHEH oA 3344 2 %

oA = AMyPgd(ABA2H)

STS Z#EUe =F3HLS &

ofolojz o] Zo] (¥} e ol A

gA OF WE 7 mo ¥stE uHEE HAARDY] HAE WeEeE A
= 71 AARDS HEA (7 me2 BT 5 Uth

>
il
oF
o 4
Y
o
N
N,
(o]
R
S
of \(
>
[~
@
o
off
2

ftlo
K
A
il
o
o
o
o
X
=]
>
et
&
¥
oo
o
o
=)
r
v
1
2

=
ofr
L
=)
RN
of Jx
22
n
)
=
(@]
=
=
0,
<
o
=
o
o
e
=2
:?L_'l
oft
ofr
o

2 =RdAeE A3AAY Ades aHstd (9 Jted WsEE 04
1.2[m]& 7Hg38ta, #HA 245%4E 04[m], 08[m], 1.2[m]st 7WAE B¢ 42
LS(Length Short), LC(Length Center), LL(Length Long)2 A ojste] 4HF7H&
gty =3, mo Jbed WsEe 0.2kglolA 0.6[ke]lE THEE R, HA A&
= 0.2[kg], 0.4[kg], 0.6kgl® 717hL A 22 ML(Mass Light), MC(Mass C
MH(Mass Heavy)Z HA| &3} 18w STS =g ¢le] HARdL 24 (3307 o] 9
Mol FHRoz FH3E Aol 7h538th ], Fl 9 Fle 247 Table 3.3% &
& 7= AR HAH Gl

enter),

R': IF ¢is Fj and m is F) THEN x=P'x+Q'u
R2: IF ¢is F? and m is F2 THEN x=P2*x+QZ2u
R?: IF ¢ is F? and m is F3 THEN x=P3x+Q°%u
R*: IF ¢is F! and m is F} THEN x=P‘x+Q"u
R : IF ¢ is F? and m is F} THEN x=P°x+Q°u (3.30)
RS : IF ¢is F% and m is F§ THEN x=P%x+Qfu
R”: IF ¢is F7 and m is F} THEN x=P7'x+Q"u
R®: IF ¢ is F} and m is F} THEN x=P%x+Q°%u

R? : IF ¢ is F{ and m is F} THEN x=P’x+Q"u
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Table 3.3 Description of premise fuzzy sets

M} Description M Description
Fi LS(Length Short) F) ML(Mass Light)
F? LS(Length Short) F2 MC(Mass Center)
F? LS(Length Short) F3 MH(Mass Heavy)
Fi LC(Length Center) F ML(Mass Light)
F? LC(Length Center) F) MC(Mass Center)
F¢ LC(Length Center) FS MH(Mass Heavy)
Fl LL(Length Long) F ML(Mass Light)
F LL(Length Long) F} MC(Mass Center)
F) LL(Length Long) F) MH(Mass Heavy)
343 HA R AEF
STS =&l uAd st xsle] 2] (3303 Ze AARIDZ FIAHW, 243
24355 Aoty AR JHUFEY] e AXNEGFo N HArdo] vl
g st AIzHle] FHEE B A =S FTH60-611
B =& A= Table 3.33% & HAXY] HA L AHEts £&5TFEHR 7
WA (3 m 25t Al E FEet AA4E e E AHESTh ofu, Hi2Ed &
ok o Fexterior) HAFGNE AtkelE FEH o] A&FFE, Fol FFE= W
H(interior) HAHJF el = H4d Feo] £&F4E AHEIT
2l 33D At EE FEo ALIFE ofu|tH, Fig. 3.6 o] £%53¥4E vEhd
Zlojtt,
— 45 —
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M a:. =vl < b
— A = Vi = Dy
bij aij
A 1 , by = vl = ¢y
Trap-mf(M;j) = (3.3D
dij_vji c. < vi<d
_ ’ j = Vi = Hij
dij Cij
0 , otherwise

A7)GIA, fa, b ¢, diE AT Z 2%85e] 2+ A IAE e

24 B32)= A48 dHe 2&5FE vlstH, Fig 372 o &2&5F+E YE A

ol .

ZJ; _Oij ;
_—, ] W B ..
Dij = 0y 1 ' Pi
TrimfM]) =1 q. —z! _ (3.32)
_NslIRRER Uy o< 72l < g
a\ . le - Zl - ql]
i 7 Py
0 , otherwise

o710l A, {o, p, e A4E a&5Fo] A&, T, LEF HAH AAE v

o},

>

a b c d 0 p q

v

Fig. 3.6 Trapezoidal membership function  Fig. 3.7 Triangle membership function
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Al 4 & T8 STS FZ#H AL Aojr] A

Ao] gaglEe] hFES Axge F8 FAH FZA dojxl Ay rdd
sto] AAAY. 22y &8 STS(ship-to-shore) Z#lle oA A3 A}
=% Foll Alz=dle] getrElZt MstER A3l A de o
Aol7| 2= ke AoEdS 2477t Wlg @Stk mEka] B Ao A= ST
glo] =Fol| wWE vgvlE Wil adFor T £ Ue HFL HAAY
AR o] Aoyl A3FNA AW AR 7t MBEAxEH s Pl
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q71olA, x(t) ER"& FHQA FGA2H FEHE, y(t)ERE EETZY A=
delsE 29, u(t)eRE TEREHC AZEE Aot AHAzEe] PP
P, Q, SE ZZ PR, QER*™!, SER™ 9 (¢S zher) A n = o]y
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(Cy ) = ns WHE3HH Alo7t 7hesttta sy, o siolr|& AAE & 9l
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=
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A 2Hlo] ZABEA 22k FA ] WU E Aostal ol & HASATIEA FA 2
He HIZHoR MASH wtes GEH S Aojdee e Zo] 28T F Qlth
u= —Kx, 4.7

= —K,x + kzj (v, — y)dt

A71A, K = K, k] FElm=w o] 5 Poe|rh,
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>
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gtk PIE gHisl=d Aojlxge ARe oAus 27t FhgoEA 2
A7k F7kshe wHe AW /12U g2 7%
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Port crane
linear system

Fig. 4.1 Pl-type state feedback control system for port crane linear system

B =2dAes 4 @Une ZeHael o)53q¥ K =K, kIS AAs7] A

Fig. 4.2¢} Zo] fxgdueES o83t o5
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st He fie) A& Festy] A FHGF7E dojok . o, AHE-st
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o713} dHASe FAL F Jdo FAHFFE Aer] S HF HEATLS AE

L <= st HAsA dgsof vt AL F

SA oA AP stAlee AHEEH AoldHe] A FToAdd A
of d3t= AloSHe HEtWES 36513t

u Port crane X y
> : S P——
linear system -

Genetic algorithm

Fig. 4.2 Optimization of state feedback gain using genetic algorithm
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gejmen Ao FHR 71471 Sske] 4 @A Hold e

N
il

(4.9)

=

o

fuLY

S AAANZHE A7t Thsstrg & HAA2EY] 28 Ade 4 (103 2o

_51_

Collection @ kmou



Il
—
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S HAA 2F ] 4 N FoAA= Aot e &8, FF AAALH o
=3 2ol 23H= (A AodHE Tl ANz="EES HA o A v Aol
Macalisg

IF ¢ is F] and m is F, (4.11)
THEN u' = —K'x.
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Ne)
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S A, HAAAZIY oz Atol Jhsleblstith. sHA B =FoAs 3.1E A
AR ALY EFeR 01583332 E““%M AL e Agsith weka] FH 27
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2] (41D 28I E Aoy WHARR A} (parallel distributed compensator)2]
gAMIoz B £ ot o] 7S Tanaka S[67]0] Ao 2 Aekstgon, TAR
o] e EwA oS HRA R AL £&4GFFE o83l HAA ARSI WA o

=

re
rir
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ki

HEEARA7Y MdE &4 HAA 2"l A L3722 st ol &
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Fig. 4.3 Parallel distributed compensator
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Local controller 1

System parameters

¢ m
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u | Portcrane y

nonlinear system
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—
oo
Q0UdIJU]
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Local controller 8

vector —)
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Fig. 4.4 Schematic diagram of the proposed GA-based Adaptive fuzzy controller
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ASHFANEHNE L HE

A27oNAE & =xolA Aoz adsts Fnkg 2o i HeE A4
Hokth A3FoAE A7l A AEHE FALEEH HAAES A
o, Aol7] AAE A AFDA= gGadA FFAS o] &st] FwhE STS F¢ 9

MAY 2 MY Fobd mEe fEsh9

b
o
o
In
'
B
e
©
b=}
o
%
}01:
o
[>
(m
o
o

WetA A5Gl AL AL STS Seole) wA B, 4D F /12T PIY 4
B =uAoly] 8 Hg AAAY) HAANYE AFAN FEF GTg SIS A
o MAPA L Agstel I FEALS WBATH

51 HRA R AJAY HE

2 o= A3 A STS Z# e HARD S AFSES gt ol 9
3 4 YR WMFE 1HF So|2E ofojojRxo] o] (3 HAH oUW HH m
Hale] ME AMEAXLGHAFED)S =& A3FANA oln] (9 THedt WHEE
0.4[m] ~1.2[m|E, m9] 7}s3 A3ZL 0.2[ke] ~ 0.6 [kg] &2 7434

olmj, ¢o] 0.4[m], 0.8[m], 1.2[m]9 77t Z-¢ol= A2 LS(Length Shorb),
LC(Length Center), LL(Length Long)¢ 4A%3%<42, mo] 0.2[kg], 0.4 [kg], 0.6 [kg] 3
Wb 7%= Z+7Zh ML(Mass Light), MC(Mass Center), MH(Mass Heavy)e] 4434
2 Aojste] YIS HARY P onE, o] YEAHS e wHsAE I AB
A 2~€1& Table 5.17 #Zo] +& 4 At}
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Table 5.1 Subsystems for fuzzy model

Collection @ kmou

Subsystem matrix system parameter
change
[0 0 1 0 0
pl_ |0 —1953 —19.815 0 Q' = |2288 ¢ =0.4[m]
0 0 0 1 0 m= 0.2 [kg]
0 —22.057 —37.153 —0.2 | | 4.291 |
[0 0 1 0 0
p2_ [0 —3.664 —18.582 0 Q= | 2146 ¢ = 0.4 [m]
0 0 0 1 0 m= 0.4 [kg]
[0 —25.265 —34.841 —0.12] [ 4.024 |
[0 0 1 0 0
ps_|0 —5174 —17.492 0 QF—| 202 ¢ = 0.4 [m]
0 0 0 ] 0 m = 0.6 [kg]
[0 —28.095 —32.798 0 3.788 |
0 0 1 0 0
pi_ |0 —1953 —19815 0 Q' | 2288 ¢ = 0.8 [m]
0 0 D 1 0 m = 0.2 [kg]
0 —11.028 =18576 0 [ 2.145 |
0 0 1 0 0
ps— |0 —3664 —18.582 0 Q° = 2.146 ¢ = 0.8 [m]
0 0 < 1 0 m= 0.4 [kg]
0 —12.632 —17.42 0 2.012 |
0 0 1 0 0
po_ |0 —5174 —17.492 0 Qb= | 202 ¢ =08 [m],
0 0 0 1 0 m = 0.6 [kg]
0 —14.047 —16.399 0 [1.894 |
0 0 1 0 0
p7_|0 —195 —19.815 0 Q7 = 2288 ¢ =12 [m]
0 0 0 1 0 m = 0.2 [kg]
0 —7.352 —12.384 0 1.43
[0 0 1 0 0
ps_ [0 —3.664 —18581 0 Q= | 2146 ¢ = 1.2 [m]
0 0 0 1 0 m= 0.4 [kg]
[0 —8.422 —11.614 0 [1.341 |
[0 0 1 0 0
po_ |0 —5174 —17.492 0 Q7 = 2.02 ¢ = 1.2 [m]
0 0 0 1 0 m = 0.6 [kg]
[0 —9.365 —10.932 0 [1.262 |
— 56 —




AARD Y £&FFE A3FAA HBF A Lol STS e
A5t o] HoW & JAES Fig 519 2 ATIE oo}
ahel ApgTh

1.5

218

r o

FRERE

0.2 0.4 0.6 0.8 1 1.2 1.4
a) Premise variables: hoisting wire rope
1.5
1
0.5} ML MH 1
0
0 0.2 0.4 0.6 0.8

(b) Premise variables: container mass

Fig. 5.1 Membership functions for fuzzy model
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o] A Table 5.10] ek 97§¢] A B A28} Fig. 519 £%34E TIAHE JAAR
do] STS AH Y HAdFA =" T84 545 Aty 2 YA QiR ES
gt ol & flal, A" Aojrvt AjdEHA S A Adde dEs Avtet
Hom, To|~E ofojojR el o] ¢} AH el A mo] Fig. 529 #Zo] <kolA
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ok
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Wire rope length[m]

08}

Container mass[kg]
06F

041 \ 7 .

02} el > |

Parameters[m, kg]
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Time [s]

Fig. 5.2 Change of parameters(/ & m)

Fig. 5.3 Algdyd= el <Avtel] & STS g nHlAdFA 2] S8 AR T ]
Z£9& AHdAFEE Yepd Zlolth Fig 539 (@& EEF A, e EEY &,

©t Adeld £5¥ 4%, Dt Adeld 57 440 WaE dehac. Ady
92 Q7bekgly] WEel ESe SIAE Fig 53@9 2ol Akl weh A&Hoz 3
et glen, AHolY E5Y ZEE Fig 5309 2ol 27d 2A ESEL oF

A7 washa Yok

AgH o Azdel Aor7t AYHA @& ol AL AG A5,
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Arde] EH2 AlxHe ARl (3 mo] WEkske A&olA STS =<l mAd
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Nonliner

Angle [rad]
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Time [s]

(c) Swing angle
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Nonliner
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Angular velocity [rad/s]
o

-0.005

_0.01 i i i i i i i i i
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Time [s]

(d) Swing angular velocity

Fig. 5.3 Outputs of the nonlinear system and fuzzy model for the STS crane
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Fig. 5.4% Awggol 27ka B5ol oAl SIS Zael HAFA2de 287 3
AP FY, AP 2R B HPRAMNBA 2D EY Aol

]
w3t AeHsEE ekl Aotk Fig. 549 (e EZY 93 23, e EST
& = Z Q

5 o3, ©F AU F5Y 4% o, (Dt AHelY £5Y 44 2xE Y
Bt mE ZHoz Hud AHAAEE BolsE slojojzze] o B Aol
o) Aol W5 WEe] AhLE] ZHC = 0.8, m = 0.4} ZE BHlA ABA 20T

Fig. 5.4 @A A =gz} STS F&Q HAE A28 Alole] EZg 9% ox=
v &5HA deEga gk @3, oAl MR A BEA2EL STS FEQ mAPA2E e E
27 9x 2237 Ao +1.2x10 *[m]~ —24x10 * [m]AE st ok Fig.
54 (DY EEF &% o3k dA 5HA AEA2E B #Hxzdoe] o e oxE
Hola 9t} Fig. 54 (09 ZHHY EEE 245 2o E FAE ¢ d%o] HXA
2do] SR ABAI2E Eo} STS Z#R] Rl dPA 25l 2895 o & BAEI Q)
o} 33, HEA AL Aol E5Y 4% 237 Y £3.8x 10 ° [rad] A= @
Astal 9t Fig. 5.4 (o] HHIY £5dH A4&E5E 2 Z

oo 22 AL AT F QU

Edlo] MEA2ER

ol AeAow se AHALHORE 9RMEe Fo|~E glolojzzo] ol
(3 A olye] A mo] WMal= Ao A= STS

A BE ok AL oudth wE FARDe 9RNSI} WHEE ASels WAl
B Axdel 29S @ BAG 5 o] MAE Axde muPo] ofele A9 HAR
Wol AP AxdS AT & U mde JWels & 5 A
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(d) Errors of swing angular velocity

Fig. 5.4 Errors of fuzzy model and linear model to nonlinear system
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Oeo 2 Fig. 559 22 el ARIvEY iFo] 7be A58 AviEr2 o
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Input[V]
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Fig. 5.5 Test input signal for validation of fuzzy model
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ety lon, o2 <ld HeHolYe EEdHol F U weol WA UtE AS
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Holl & ZH o, 53 7)o #Ag Aoy F4T EEHNE Fe 2
AHA Q] ol A vl P A "ol 2 HZeka v

Ao Z ¥ Wl (F mo] WHestE AdHA Alxgle] doYdH S °J7}§}
A5, ANRD Y 28L& 27]d EEFrt A-FXe wESI HHo|rE Wel &
ol B 2 oz MY WollA STS Zd¢] HAFA 2] 2o & HZs)
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Fig. 5.6 Outputs of the nonlinear system and fuzzy model for the STS crane
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Fig. 5.7 Errors of fuzzy model and linear model to nonlinear system
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5.2 PIg e =gAo7e 45 A=

B doMes A4S AXAAZIE T A 4T 2RI He) HEA =

gl B3 eI =HMA] Y] o5 K=K, kB FALLAZOE BASE 7Y

W, = diag(55, 45, 10, 8, 6), R. = 2.5 for subsystem 1 ~ 9 GRY

FALLHFY Fd AdE FHek AR ALY, G, sHEANlE
AF8-EF T w3, ehAlgk(selection pressure)S Eo]7] 9t AAYH A=W
Altiel #HA AAA 4 WA ek 7HE A3k AT e AldE dEEHe Ae BA
st7] 98l AP EASS A& Ak olet Al 24 A A4t AHgE miiRsE
< Table 5.20 Aglste] YER AL

Q
=
zZk o
=

Table 5.2 Parameters of genetic algorithm operators

Operators value
) Gradient-like selection -
Selection : —
Selection efficient 1.8
Arithmetical crossover -
Crossover —
Probability of crossover 0.9
dynamic(non-uniform) mutation 5
Mutation Probability of mutation 0.05
Parameter determining the 5
degree of non-uniformity.
Linear scaling window | scaling factor 1.7
Elitism elitism strategy -
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oW, FHALTYEL SHH HNEGeedE ZTEIWS 3H AYste] 73 FAHS
Abgetlem, AFHoR A" 9o AEAZE e Gy =Ao)r] o] 53
g4 K=K, kle d 62% 2o A7]dA, K' = K, ke 84 ABA="] o] 5
PLL omin
K' =[822.9540 21.9570 221.9530 -83.0760  864.6390]
K? =[732.5770 28.6710 187.5290 -65.4900  763.1070]
K? =[807.5780 37.8070 214.1220 -75.7960  837.0520]
K* =[781.1820 11.2200 168.3720  -113.1960  814.9850]
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