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Automatic Container Crane Operation Based

on a Predictive Fuzzy Control

Seiji YasuNosu*

A fuzzy set allows objects to have grades of
membership from 0 to 1, and it is useful to de-
fine the subjective ambiguity of people. A
fuzzy logic control is aimed at using this to
incorporate human intellectual actions in con-
trol programs. A predictive fuzzy control
which predicts the result and selects the most
adequate control rules based on a skillful human
operator’s experience, had been proposed and
applied to automatic train operation systems of
a subway system.

In this paper, the predictive fuzzy control
scheme is applied to a container crane opera-
tion by witch containers are carried between a
container ship and a trailer. The crane is
still operated by skiliful human operators. So
an automatic crane operation system is strong-
ly required.

A conventional method had been proposed
with a linearlized control algorithm and a tar-
get velocity pattern of a trolly on the crane.
However, it is difficult to control the crane for
a practical use.

The newly developed fuzzy controller
evaluates performance indices such as; safety,
stop gap, residual sway and carrying time.
And the control rules are based on a skillful
operator’s knowledge. The simulation results
show the crane is controlled with the same
way as the skillful operator does; it saves 30%
of cargos handling time compared with the
conventional control scheme. And it is con-
firmed that the fuzzy controller is applied
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effectively to an actual container crane opera-
tion.

Key Words: fuzzy set theory, fuzzy control, con-
tainer crane, automatic crane operation, predictive
control
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TR—EDRED S LT,
(1) s XUBRMBICHT 3HENABEDH
WO b & TRERMEIMEEE UteERt Lk
512),13),
(2) #WhA&AEEOMBER L TOBMBOEY
5 EFAERITRD 219,
(3) i « BEOKKONHICEH LTRD
515)’
BEDTHHICLY HEERE <4 -V 28l L, chic
VF2 L —2HBEREREZBREIIMBBEILTH
fo. ULhLZnooFRi, n—7E—E5yass
ELTWEeD—Ea v FeREDESXTTEY L
Jictk, O1Tho ) —OTEEET 2. 20k
o—-70%E RS, BETHFELEMNS bo ) -0
fI7%17 5 ABEER B O&EiE & i U CHRIE 00
%, BAKMICEAT 2 BEEE 4 —victn ) —%
BRIEZLDICE RV — 2 DFEDOHSEL 183,
BEDOREANS D ZAETE->THEL. ZoiF
B, HREEOEREE AN E LTS X LT & mk
HEFRICT IR T FricE S HFR D
BEINTVLBWOY, -7+ o y—
TR EEBREIEZC LI, Sk
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HBBENEZELTCHE L, tu)—REo—TH%DOT
DEREL, (1)arFrhiolswcmhsc &
BRAEKR, (2)RERETro Y —2BEHE~K
XY, 3 EEHATELEELL, 2v7F0E
hZzilk®, &6k, (4) e ) — LicRREd 2EEF
DOED LHOEELHEEEL 5 (Fig. 1).

22 YV—VDFALFIHIR-EFN

Fig. LitoRTavFF - 7L—vDF4+ 37 2%
Fig. 2 W RTEFNTEZ B. 2CT, ZDI L —
VOEFNCHESEEH T A VF-EK T, Bz x
VE-BEF, Bz vF—BH U, 2#RD2E,

2
T:%M.i-?+ im': {gg(x——l sin 6)]

R TIIEICBE L FE Fuzzy §i8
HRE, aviFrsv—voBE~ERL,
ERLEBERFREERL, YIaL-—
Y3 VICXDEMUERIE D0 THRNS.

2. AVFF - L—rvDBELE
EFINE

2
d 2
+{—-zcose} ]
ﬂ( )
1 P L
=E(m+M).r +-2—ml 02 —mlz6 cos §
1 g g
+Eml —mzl sin 0 (1)
L ‘\\\\\ Q . Performance index
[: [ : Disturbance factor
Trolly
L‘ | e— Ve
LE‘EI \m /@l Cstop Gap ) Carrying Time
Comfort
Rope |
=
Safety Roll & Pitch
-

2.1 AVFF LU~ VEBEVRTA
DOEE

AVFF I V=V OERIFET O
FHICHH->TV3BM, ZoHBERIZ (1) oy
- DOETEBEBRER(rr ) -R), (2)av5rok
& LPEERIER (2 —7R), 0= 5603.
ARVv—21F, 2 VvFFOLE BNUREELREH
5, o) —RBLVo—FROBEFEESL T L
—FEPERETS. O ru ) -RBIXUu—FR
DO ENHIEIT ACR (Automatic Current Regulator :
BERTERICES v §l) RERSTIcdD AVR
(Automatic Voltage Regulator : s#E#If) Rick
2C, e -@EBX0u—7%% FFEES 7 4
—FNy 7L, Bt —2 25873508 —8B0NT
5.
Coary7Fr7v—-VvEEEZBEH{LOBELSZ0D

Fig.1 Container crane operation system

x I Trolly posttion

%@ Trolly velocity

X Trolly acceleration

I Rope length

i Rope velocity

i - Rope acceleration

. Swing angle

& Angular velocity

4. Angular acceleration

M : Mass of trolly

m : Mass of load

Fy . Tractive force

F; . Hoisting force

Fe Fre - Running registance
Fui, Fuc ! Wind force

Fig.2 Crane system mode!
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Alz,a,b)=blla+b—x) : xZa
1.0 ralx }
(6>0)
0.0 cxZa+2b
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(1) Z&E(S)DFEEROES (Fig. 3)

1 HD HS

]

Hs 2<Hs ——

Height difference

(a) Height difference

XC XD XE

el N N

Xi—Xs Xl X2 X2+Xs — s
Distance

(b) Position
Fig.3 Membership functions of the safety
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X6 XT

# HXB=1—uXG

/

XT—-X; XT XT+X;, —=>
Distance

(a) Stop gap

vz

~Vz 0 \'F =

Trolly velocity

(b) Trolly velocity
Fig.4 Membership functions of the stopping
accuracy
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3.4 HiTEENICER LA v —2 00 —7RIE
BT 3 REBRAI(RI~RA) 2N TH, tal-FKE
FEic, 7o& 2 (R1) ORERRIDS,
“If (S is XC and P is <P6) then A is L,”
7% Fuzzy HWHIE LTRATE 5.
TR TR EED -7 REHAARE LTRD
3. UL, 7v—vidLTiR, v—7%0OHE®R
BV, CiEQTANENDD. 2L TLLZTRR, OF
D4 v G OEFEEAREEZETRIE UTHY
5.

— 64 —



R’y T

R

#ZiE: YA Funzy i FRick3avsyrr - 7 v—-VHBEE 1071

L Sl

Vi—1 .
! J

vT - ! F X
4.8 J— 2 x
Automatic —+><S 170.1% i0.00s a2
oT Crane ) T ) Crane
Operation Dynamics
(XT, YT)->] Controller Ll Model
vi + Fi !
0.5 —8.34-5 m
- Y
I A3 i
Obstraction —l
Shape
DT : Departure signal {XT, YT) : Target position and height

FT : Maximum traction force

VT : Target velocity of trolly

VI ! Target velocity of rope system
Vy - Wind speed

Fx : Tractive force

x : Position *

tm - Maximum armature current

BT : Brake command of trolly

Bl : Brake command of rope system
I . Armature current

Fl : Hoisting force

1 I Rope length

Fig.5 Block diagram of a computer simulation

Table 1 Simulation condition

Crane height :31.5m
Start point (Hold No. 56) : (75.3m, 3.0m)
Target point (Yade No. 2) :(34.3m, 0.0m)

Maximum height of obstraction : 11.3m
Maximum trolly velocity (Vm) : 2.5m/s
Maximum rope velocity (Vim) : 0.66m/s

Trolly mass (M) . 15,000 kg
Load mass (m) : 53,500 kg
V;=G,°(h—l) (“‘meé V1§Vtm) (14)

5. BHHEMYzaL—>ay

R LUICTFR Fuzy iz vy -7 v—vBEE
ZoEEE, RERILTVEe—-7EE—ELL
feREER g -t n Y -2 BRIEEEFR (B
T, #REIMAREFES) &, SHEBYIaL—Y s
vicky kg Ui (Fig. 5). 1ok, EZ¥5I, v
Fa V=2 ZFOTERFAZT> T3, 22T
i3, EEOZ Lv—-ViIcRWSRhTHS, AVR+ACR
Rick3FEEERICED Y a2 b—Ya VET- T2
¥, Yiab—VYa VRHER, EBOa VTS -7
v—vDE¥ (Table 1) ZH .

51 ¥Iab-vavREERER

avFd e 7 L—vOERICENT, HifkiEEE
A2 EmT 5 > X TEERIBEL 2013, Elk
B, EibBELEENE ETOBRENTHSE. T
TR, EROHBIELEEZ, /v—vREDavs
F%, Y—VFECEBITIEAEEELL. BELL
Fuzzy Hific k2 E &R L% Fig. 6 i, EREIM@
FRick 5 EEREZE Fig. TRy, £/, COZ
DOV Ial—Ya vOERKHE, E1LEE BEE

CONTAINER CRANE CONTROL ANALYSIS

TIME

STOP GAP 47,7 (SEC)
--0.022 (M} TOTAL TIME
REMAINED SWAY 47.7 (SEC)
0.207 (DEG) TROLLY POSITION
0.101 (M) 34.32 (M)
ROPE LENGTH
27.92 (M)
— ]
-~ Travel Direction
...... e
IE=== BT e
TARGET POSITION
34.30 (M)
TARGET ROPE LENGTH
28.91 (M)
CONTAINER WEIGHT
40.00 (TON)
‘&!’I"m 3D
XX
(a) Locus of the container
o L g ,2
of ~| o 1 1
H 332
& 28|
I S x: Trolly velosity
= z e
R —
ST|u"i38E® |
] g u g 6: Swing angle
g
T 2 2 2 |
g5lz=|ZsE=
BT 125 -L |
& fe |E <
- 1 fa: Armature current
salhzinalis W= s i
; E
[y
L3 .
| \\ {Rope length
s 91 g 8
[N I
dalds -
T ? T 1) 0.0 20.0 30.0 49.0 50.0 60.0 0.0 80.0

TIME' {s)
(b) State values
Fig.6 A result by the fuzzy control

% Table 2 iTF LD TRT.
5.2 ¥Xab—YavkRokst
ek TR, BFIEBER 49cm ThHaH0H
EEE v —v~OBEEN IS & i X D BERNIZ
- 22.6em L KEL K -TWAE. —F, Fuzzy Hifick
BRETR, X - BEROo —-7ROEiIcX 37
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CONTAINER CRANE CONTROL ANALYSIS

STOP GAP TIME
§8.6 (SEC)

—0.049 (M}
REMAINED SWAY 1 TOTAL TIME
0.464 (DEG) 8.6 (SEC)
0.226 (M) TROLLY POSITION
34.3¢ (M)
ROPE LENGTH
— ] 27.95 (M)

TARGET POSITION
34.30 (M)

TARGET ROPE LENGTH 1
28.91 (M)
CONTAINER WEIGHT 74 - G
49.00 (TON)

IEREEELE - EIEE
75] 75| 77]E8 79] eq]
ZERE - EE

g
— Il”?”sl —J~_ —
¥~

(a) Locus of the container

.0

3
03

1200.0
0

0.6

—3.0

6.0

-
.0 0
T *

X: TROLLY VELOCITY (m/s)

: Swin

/y\ la: Armature current
. 3 |3 |
4 1 |

.
~-9.0

0.9 0.9 20.0 30.8 40.8 50.0 66.0 70.¢ 80.9
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Fig.7 A result by the conventional control

Table 2 Summary of simulations

Handling Remained
time Stop gap sway
Fuzzy control 47.7s 2.2cm 10.1cm
Conventional
control 68.6 s 4.9cm 22.6 cm

V—v&A4F 17 20FEREHEL D, BEIEWRED
HEUTOVWAD, EHKTRICE, £1EE2E1E 2.2cm,
BREN 10.1cm & 8->T W5, FEBERCD
WTR, EREBFRTR—EDER L — 72 {RE
LTWB7D, BEMEREAK 7 )T TE5EX 13m
FTu—72EE EP%k, Ik EEGET, BEE
v, BENBELRI v FFETFTALTVS. C
Nzt U Fuzzy #I0TR, &3 EgFEsom#EL,
BETIRBOBHELCEEEZTH510Y, COfTR
20.9% (30.5%) EWMEEHIZEM T, KigicEsE
BHEEERE LTS,
CZTRBELTCVWSHEEEFATHE, ey —FL
ARV —Z2BRHEL, BRNEaYFFOET, o
DHRBOBRIEETI CERBEL T B DA =L
—2OFRDLBOEELZMERELS LS. ERERE
AT, SI/NG o) —EBELE = -2 BROK

HEEBHEERCE

Hw22x% FI05

LOEALD» S, FFFICED MEBEOEHEEINS.
Thiext UC Fuzzy 8IFRTR, toy —@#Es
SHEA—TEHNTEY, Tk, T—2BRLESH
KEAALTWAD, BOLMMROVE X EH-TW
5.
WEEARLTR, Lo l1Eoa v +2EMNTS
Vialb—Va VERICOOTRL, fEREIEERE
HEBRE Uic s, Fuzzy HI5R T3, Fig 6(b)ic
RT LI, BHEEBR~NOBTRICE2 v 7+ 0N
RBizizELELTEY, JloMENS a3 v 57 F2ERT
AEAETHRREAROEILBE, BEELOYIaL
—Ya VEEMELNG. Tk, KFREwA4 702
Va2 — R ITHABRERETY, EVYRFAICENT
HA4EY I 2 —Y g VTERLEDEFERBICEEL
HMEITZZ CEARBERLTOEY, TARDNTER
BELROMET B.

6. HEH O IC

RICIRE L, FEABEGE~OERIEED TS
FH Fuzzy H@HR%, ko HEFR TR ERML
PRETH>/cavs+ - 7 v—rDOEE~THUSH
BB Iav—>a v%2fT-l. ZOME AHFR0D
WAL OIEREE T HIT S REIEEL, HREs v
B, EIE%a Y5 F 2 TAEE 0 CREEoESE
R U SR R ST AR R E LT
BT BT EERER L

B, AMEOBLEE5A T EI 7o) Hr
e 2 7 2BRARFIKERE, 2v5F -2
v — VEEA® Fuzzy $IHER 2 SRR RE 07
FREFHEE—BFE 200, CHELERED
FHBIBELLA TR ERAE-EENEE &
T, () BIBUEFRIZEESEE), WAL %
B, REFTERBELS S v+ SHTHREELDE
2RUDETEEUEEDS 2 ICEHNT- LET.
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