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Abstract : Recently, an automatic crane control system is required with high speed and rapid transportation Therefore, when container
is transferred from the initial coordinate to the finial coordinate, the container paths should be built in terms of the least time and
no swing. So in this paper, we calculated the anti-collision path for avoiding collision in its movement to the finial coordinate. And
we constructed the neural network predictive PID (NNPPID) controller to control the precise navigation. The proposed predictive
control system is composed of the neural network predictor, PID controller, neural network self-tuner which yields parameters of
PID. Analyzed crane system through simulation, and proved excellency of control performance than other corwentional controllers.

Key words : Neural Network, Predictive control, PID Control, NN self-tuner, Transfer Crane, Anti-Sway, ATCS
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Fig. 1 Transfer Crane system modeling

Table 1. Parameters of crane system

T

X EEY AAm)

% EEY $=lm/sec]

% EZg 714 %] mfsec?]

. 9}olo] =L ZJo)[m]

i sjolo] 2 Zo} 4% m/sec]
0 25 ZHdeg]

b &2 Eldeg/sec]

9 A5 = deg/sec?]
g 24745 mfsec?]

M EZY A@Hkel

m Aold & Ay A kgl
Fr EZgd A7t E 8(N]
Fy Zo|2Ed ArtsEE J(N]

@3k a4
YA A2d9 A BdyS YA A8 Wy
E¢& table 17} Zo] Uerd 4 ok Fig. 13 22 =492 A
2glo] 9lojA] Aojsojol & WMF2E EEY 94X x, 9
olo] 2z o] Ao] 1, AHole] AFZ gojx, Ao P
2E EEY9 Zo|2Ed A7HE 7429 4 Frot Fut
Ak AHoOY a5 shte] APoz ud F oy B
a[g "WAYSTIA 2Aste vl e FAE £ itk A
gl Alxelo] 42814 ulg )L Lagrange WAA S 0838}
o3 2 39 vAdy E5uAAeg Yl 4 gl

Fr=(M+m)x +m i sin0—mi #*sin6 1)
+2m 18+ ml 6 cos@
Fy =—%—m3c' sin0+—%m7——%ml'02—-%-mgcos0 2)

0 = 16 +216+gsind+ x cosf 3)

o71M, gtolo] 2o oigd Ao EEH 4% 4
E Az /M3 & gdemz  ¢°6f (a0, B=0, a+p=2)
o HelZ BAHE BE FEL A3 A AAA =He, =
3, cosf=1, sinf=602 A38lE o] 712 99
+EEAAL g ol ved £

Fr= (Mtm)x +mld +2m16+m 19 (4)
Fy = —;“mx +2(M+-i—m)7 —-%-mg 5)
0= x +10+g6+216 (6)

3. Container?] O|S&d=2

B =RoNE Hao 422 ZEAAAA Hae EE
oz AAJE Aojstmxt sk WeA, Fig. 29 zo] 2
Qo) ojEA 2o N HES HHsAT. o] AEE o
A Aulg 79 2 Ao o8 FEZE A& 5 Atk of
= O Izt Aoy Z7] 2 Hejo] HPF AAA e 2
Aoz pustel Z 99 Azl XS BASE nH
HZH X, , V)& %% 3 249 B4 Aeg s

[ERACRA TS FRD IR}

R : Target container [ : Corttainer profile [f : The space for anti—collision

Fig. 2 The imaginary transportation path and container profile

- 538 -



QEER

SEITESH A7 350 2uEE A2 X 4
23 (knot point) FEZ FAIHO & AFHE G AHzte
71E-8 gt

Referencesrajectory
.
§
~ : Transfer ) B :  Targetconta
o e . Contaierorofte
Fig. 3 The reference trajectory of container
olzg Wy o g FaR l

FEIY ¢$HRE A*
37] M e A FEEEY 2EFEY Y
e 59 A% 00 389 e, &e, A
g A454S 1A T FAC HG A gl Foi3
4 = guts LE IS AAEo} H:}-

J»J&‘l
r+o A £ P
2 B ofy

. 4 Control manner of crane

Fig. 3& & =84 &8 Adolve FEUR o|FH
28 Jeh i o, Transfer Crane AE ZA trolley
T35 AoJ9t hoist FEAZ UE & ok

4. MFHZY 0lF PID HO{7| A

AAH2T A4F Aor|E 2de2 T4 A4 wolley
position®} angledl] W& & Aoj71E& FASALL AAH32
% <]& PID Alel7]e EEU =& Fig. 59 20| HA sk
F Ae)7]= PID Alol7] FellA AARA] FF458T ok}
& AA FEHE ol§ ¢ 22F% PID Aoj71& AHE-st
[om, Fdeulelg T3] sty ABIH=Y ArlFE7]
& Ahg3tnt

welr], B =FoAE 22F = PID Aoj7} MAC dasg
#etrlel K, K;, Ky 2 q BE AB2Foz AFsex
e, flAeA EE .9.%}01] )3 Ao} stebulEE 7}
z} FAste 15709 Sevrle e FAsth £9, 2 D(s)

Coulgoz R4 7 - o) vigel UFE WS AAE

-4 - oW

s 4ol o neIQ,

]

PID Controller

: Lo
Y 4-position @ T Sl ¥ _postienlt)
I b umghe @ K Kk ¥ nge®
I 4 tnghn® o8 ¥ tengn(®

e()
ft) | NN tuner

©€p.postion ()
Fig. 5 A block diagram of NNPPID controller

F,.=p - (3sinwt + 7sin2wt + 5sin3wt + 4sindwd )]

o71M, ee
Eplic},

vlgte) 7| BER40) T, pE vhge 2718

Neural Network Predictorl

..............

Neural Nstwork Predictor?

Fig. 6 Structure of two-step neural network predictor

ARZHZY oZ7)7t oE vy T4 A2=dg €45387]
daidE 2 A2"e - &9 BAE F BRIl gt

B =RdAE AHIERE o83 FAHS AsA vdE
A A2 gl FATE AP Alade] RE FE
Aol B ARG EFstoiol gt At 21 WA ET
d&Aol719] F2E Fig. 63 ¥t} 7|4, AR 82 &
& 98t o dAd st gaElEFE AHEEgT A7A3
2% d27)= dgdtels TWEY 4 - 29 dHoHE o%
3] off-lineo 2 ggF3tdoen, AZ2Y 457 24U
o 3 2dy o] @ F AEd A7 SHES] HA
Y -E8E 48R o dF7]E FAsY NF3 R
% d&7]9) T2 Fig. 67 2o 48 F, 243F, 28393
Z 722 s9en, AN A4 o - EHE 4Y AR=2
Arg-ate] Ay & 3L & 5 U Percy P. C.
yip * Yoh-Han Pao, 1994).

ARz ew A718x719 F2E Fig 73 2tk ALEE Al
BIuge 3% TR dgen, ¥, &4F 281 &9
39 9, 21, 152 AASAG. NHEE 45247 &
HEY FA Yo AP L35 B M AAET
A7 5 %71 on-line 35¢ F3t9 2245 PIDA|o]7] 9] o
ZHolEl S &3t doh Jrigee 4 @) e 2xE 2
s sgoen, AFIRY AreRIE LAFTFE =
ol Wgoz TF§ sA "ok ASAANE g3 £8F,

R}
I=TE

- 539 -



AR 3z A=A ojo] o3 Transfer Crane®] ATCS 7)ol w5 AF

flo
B
ol

o) 7}5A) WaFE 2 (9), 103 2ol Febd 4 Qo

Ko posrion
Ki-poskion

Ko_postion

®p_posion ()
®p_posion (1)
®p_ange ()

®p_ange ()

O positten
O_Angle
X Lengrn
B_rosiven
B_angie

Preesn

Fig. 7 Structure of neural network self-tuner

E=%[Y d—-Position(t+1)_yD—Position(t+1)]2
E=50Y o nngelt + D= pangit + D? ®)
E =509 a-Leng(t) ~ ¥ Langn(D) )7
AWGE+]) = — L 4 aaW(t) ©)
W
AW+ = — 725 4 aaW(t) (10)
3 a“’ll )

steg 13t 2HEZ ol 242} 099 052 4ASAL, o
#Ue o A sty FuPFL ALARY. oA A
3 aeZo] od Sy exNES 2R 0%} A=
chain rule& ol&8A 4 (11), 122 z+zt vebd 4 ik

JE

& =— net, (1D
___—3E _at+1) du(®) Ok
T oo(t+1) du(d O k) Onety
a(,-,=(y.,-m-,.,(t+1)—y(t+1))—%—(({)1f'metk__,)—%“f%
Bimy = (Y 4 i ¢+ 1) 900+ 1) TH et )DL
Bars = (3 apicen (8 + D =36+ 1) BB £ (e, )G
&,_.=(ad_.,,.,(t+1)—o(t+1))463—“@(%1f'(nak_)igﬁl
81— (Ot + D = O+ 1) 2 £ (e, ) JHL
Bco-a= (B4 mae (4 D= &1+ 1) 2 1 (net,, )2l
8po1= (3 4- e ()= () S £ (et ) Gl
B8 -1= (Y - (0~ y(O) S (net o) -FHYL. a2

B4-1= (5 -t ()= (N G £ (et )G

80, = (G-t (t-+ 1) = Ot + 1) S £ (et ) 2L

80, (84 sage (4 + D)= 88+ 1) SHL £ (net ) 2L
8= (B (14 1) — 0Kt + 1) S (et ) 2UE)
88,= (01— g (t-+ 1) = Ot + 1) SEE £ (net ) 24LL)

88 = (0 4+ 1)~ 6K+ 1)) 2L (et ) 2UCL)

8B1= (8 4-mgee (t + 1) — 6t + 1))M—3u(tt) ' (net ) 633:

@34 AR =(Sigmoid) #E ¥A ¥4 (Activation
Function)2 A8t th (- ) AA2Y =0 gst &
go] ) RS e, AlaRe|= g w42 4
(13)3} #}.

f ‘(net)=1 (net)[1—1f (net)] (13)

58 Ads) e 24D ol 2w Jacobiane]
Basl, o) R4S FASE FST WA A5 ¥
% qdth 293, #9%0 N Koo Kooy, Kap Ky
Kiza Ka-a Kooy Kicy, Kaoty @5, @as @, Bye By B2 4
(9% 2.

K,_,=f(netk,), K;_, = f(netk,), K4_,=f(netky),
K, -, =f(netk,), K;_,=f(netks), Ky_,=f(netke),
K, - =f(netk,), K;_,=f(netkg), Kq-,= f(netky),
a,=f(netk ), a,=f(netky), a,="f(netk;),

B, =f(netk ), B,=f(netk,), B =f(netks),

(14)

5. AlZdolM 2t ¥ 1H

=woAe Fig. 59 o] Agtst 442 «F PD
(Neural Network Predictive PID : NNPPID) #lo]7|9] A%
< H787] f8td 433129 PID A|¢]7] (NNPID) 18],
A3pA e PID (ES-tuned PID) #12}71& trolley] $1x]e]&A]
wire ropeoll g #HElolle] EEJ ) ddld oTL H&
g o FAFE MBS T3 Ao A& ML ¥
A3t

Table 2. Parameters of the Transfer Crane system

Table 3. Parameters of ES Algorithm
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