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Human Model for Gain Tuning of Looper Control in Hot Strip Rolling

Shuya IMa10, Masami KONIsHI, Jun IMAI and Tatsushi NISHI

Synopsis : In recent years, many control systems have been developed and applied to hot rolling in order to improve the quality of the finished products.
Due to the plant characteristics and the control system performance variations over time, human experts intervene and modulate control gains
to maintain and to improve the control system performance. Through a breakthrough, we can expect to attain the fully automated modulation
of control gains without human intervention. A neural network model representing gain modulating actions by human was developed for a
looper height controller in hot strip mills. The developed neural network model is a recurrent type neural network (RNN) which calculates
the appropriate PID gains of the looper height controller based on the modification data of human operations as training data. Further, a
learning algorithm for the RNN model was developed to accelerate convergence of the gain modification process and to stabilize the looper
movement. The neural gain tuning model was applied to the inter-stands looper height controller in hot strip mills. The usefulness of the de-
veloped model was checked through numerical experiments. From the experimental results, it was verified that the tuning actions by humans

can be realized by the model. Through its learning mechanism, the model could also cope with disturbances such as changes in roll gap. This
may lead to the stabilization o f threading operations of hot strip mills.
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51289 . Fig 5129 & D12, RNNEnBIHO L — 7 )
OFMMEA” S n+1BIHOPID Y A Y 2T 5, 39 b
T=2iE, 300BIALREIN TS, T ANBEIE,
2ODEHEM LR XN TS, 121F, HE»rS5DAN
ARIHOTIVETHD, O 13 RE0REr 4 v
EANIETARERTHS, ATWBIE=2 -0ty }OD
HBOWAKES 720, FEOME» 53D THBIEHH
BweEzohd, LrLars, AP ETE5L
flie DL — S\ AR AR B B D, AR
TIEREZETBRNNTEFAL TR, AWBELEL§5Z L8,
MR- 2720, DTSR S [ 5 [, O —73%
BOFHIEE 77 vV BOABE LTS, £, L—/3
BOBEEIZNT A -1 =2 a— 1 &, ThbbRENY
ARTAMEMEBE LT 2FA 5. V- AEORKIE
o, BEEEZ ET5E7113,

TREND, L35 EAssne 2id, RAEAHAH
A 8 A 5 WIBA L FET 50 THEEZE & D IEDfELS
T35, OFI, MEARIHEEKELTLE L 284

77

BAEIZ R B0 —SHIfES 4 VRBOABE T L L ZOF%E

Evalustion Vahie

PID Gains
{ [n+1}-th time)

Lonaper Behavior

Fig. 6. Structure of the proposed RNN model.

%, L 3 REOHIHEDOTE Y & L TR TE&ET S,

e
2 To"ao

t wreerrreee e (2)

ZZT, o) FEES 2B = HE | TISHIERNE
DOFHMIFETH 5., ZOFMBEEIL, L —SAELSHIEE
EDmMENKRENIE, FHRESFET 2REPRVIE
E, ZOBHBKREL K5, L 1 IHEEDHEMED K HE A D
XFESYE LT, UTOFHMIBERAEZEZ 5,

Z ORI, 1, DRI L ORI oA, B
BEAL P> TOE 2D, REDHFIET S EEH A RIZL
EEBIEE, ZOMBAEL KD, REC, T2
BT ORI = 3513 5, L —/ ST A AL 2 863 1) %
FA, V- SOESHEOFMBE L & LT, XAE M
776

L, =3B S b B Bl =T & F
5., ZOIMEBEEIL, L—3D B EA D EERIO®E X 45T
i35, A, IThoOFHMBIRIE, B MK H M
DORFFHNRTFEL WL ST 520, £ —-Fh %y
FPOFEOSHEMOR FX¥ S, - HEOHEE
B EORIEROER T Ick ) EHILEA TS, A
BAFEEIT > 72 & 2D I GBI DO HERE % Fig. 6 1
R, L= SEBE MR D IZOoh, ZTheDF
i B RG> B AR Z L 3br s, 7, aHf
Bl &0, L, 1, OFNCE P L= FA 7OBKREH 5T &
bh b, RERIZIE, 4 DOFEREIT TN TN &l
IIHEBE VTS, ZhHoDZEns, Thb4 DO
BAB A [FIRFIZZRE T UL, ARICHEOVEBATESE0DL
EIoh5b. Fig SISRT &5, ANIBDOE H—FHDHE

935 I



I 336

$% &8 Tetsuto-Hagané Vol. 90 (2004) No. 11

FZIREERBTH B, REBRLTO LS 2R Xh, BELEC
WHUZr A v & AN ¢, (k=1~3) £ LTRNN £FLIZHK
BT 5,

¢ _2 d"_mg[\[m]’ hml~3 ceeeeriieeii ( 5 )
m=1
K g T g Ty
ZIZT, di2oll L, I KMOEDERT, SHEREEKT,

ZOMEH N IZETIE, RNNEFILISAEDFERE A Kb
T5720, REBMNRLIZSS kS, 72, 0l5ETHUT,
PR U4 SR U, FH0E 2 SE0BE BUE O A (K
ﬁbfk%<ﬁméﬁfbiﬁo:h6®7&é%%bﬁ

/)Kﬁﬁﬁ Al_ni:ﬂ?z d %‘ 0.6 1 nS('fEL/f-o Ajj’_' %ﬁ
@:;—U/&hﬁ”dUT®i7_ﬁéhéo
x‘{ll{pf k=4 (6)
¢, S=k=T7
pARUFD & 512, B 1, & BIAR L =T H 5,
_ Ll Sl e 7)
pi Il‘max_li‘min T (
ZZT, Lo L VAT G > TRESNBETH B
ThEE ) FHOZ 2 —a YDA W, BLOHT <P
BRZNTHhLTO LS IZRENID,
¢w_§:mem B T B L% IRTRTIRR PPN (8)
x;z)zwf'(s‘(jz)): =S e (9)

I+e”

ZIZT, wh BANED i HAOZ 2 -0y g
HO=Z 2 —o VBOBAOELRRTH 5,

HWHBOKFEAD = 2 -0 "OAN D, BXOH g,
(R (VRN ORE RN -3 (I

<3)_ w(2) (’)’ (2):_1; Jo =13 e (1())

DX
g‘:f(uf)): ! —; k=~ e (1D
1+e™

ZZT, widhikg j HEO= 2 —w v L WHE k FH
DZ2—-0/EOBAEOEARRTH 5. MM,

RNNEFL26DHS] g, BLITO LI ICHUHE X, &
Vsflic AR Eh s,
Gk = (gl\',min _gk.max) Gifne1) + Gpomay 7770 T rr e (12)

2T, Gimao Gk BATE O TRESNZMETH B,
RNN-EFILDEALDREIL, LIFISRT /Ny 2 Sl

78

F—va v BPYEERHWTUTH %,
2.3 RNNEFIOREE
PLEIZHER7ZZRNNET L& HET L0121, ET L
CEFNBZHEAMMM W) & w? ERET ILEA DD, T
DEFLEEIZ, /Ny 2Ty —3 3 (BP) Y 2 H
hfbvﬁotoW&Ti EF O NEHENT — 4
FL BB EIIBOBLEREAITVWELS, BEARKE
H%rtﬂ‘éo AT i, ARZ & A PIDHIEY 4 YDA
BT BREONINL - SHEOEHEHAIT -2 L L
T, Fiffi Tl & 10, — 80 BEIT 4585
O %, 7 5 1, TRl L T %, BT -2 & LT,

ARHEE L A O — 2 SHET 3, Zhb 4
MO MRS - . 7 4 Y R A S B, 1,55 L0

f#iid, Fig. 3(b) TR —/ S DORFRIZL 7 — % & v
TEET5, 3. ABIZ&S 7514 VBT -2 4200 T
Bons L —SFHlBEBGE %, 1))~y (7=72L
JEAEmI¥) &35, DI, RNRNEFAL2L N Eh 3
PD¥ 4 Y2 HWTHEDY I 2L =Y 3 V&7, 2D
WRESNIFED N —/SDZEB T — & % B TR
fEEERL, LO)~1L(), £T5, ZO&HIZT5L, [
HOEHEIZDWT, ABDRES 4 V23R 9 % aFiiRE 5
&, RNNODERET A I3 in§ 5 5T B EUE O ik 2 T
E50T, UTOREMBEN) #3THT 5,

- 1
E([):zzpi(li(])_llo([)) ................................... (13)
i=1

ZZT, pdBAHEICx T AEAFRK TH S, BPIETIE

FERDOEIZ, FEDRERBMENANES < HBHEIRNNE
TLORBEROELEH TS, $abb, EAREIC
W SRERMB EDNEE L LD, XXNEHWT, fE
DOFEBFH W, w A EHT 5.

W/(,_l)<_wj(l_l)+ Aw’(ill ............................................... (14)
W,\/z)é—w,\;'*FAww ............................................... (15)

JE(D)
Aw(p:_g’([)__?w ........................................... (16)

J K 8%’5-1-)

5 oE(!
A ;;) A(/)awg ........................................... (17)
Fig. 7121, LEOGETIT > 27 AEEMBRERL T

BD, RNNEFIIZE B35 AV HBHERASABO R
F— A LB L TRENTVS, ZOR»S S, B LI
RNNEFLICE D ABOFABER+FHTE TSI L
AT P

2.4 BRNNEFILOZE
%%éhtmm%?»%%ﬁtf%yﬁﬁuﬁﬁﬁé
ToIiE, BEXHOENIZIG U TRNNET L EFH &



evaluation value

0 10 2
number of rolling

Fig. 7. Transition of evaluation value.

Gain modification by learning

calculation
el
‘Y.

calculation

Ag, Looper behavior
PID gain

3.

+
&=
3

Looper system

Looper behavior

Fig. 8. Gain modification by learning function.

, EFALEEHTILENSH S, DT TIE, RNNET
LOWUREEI LT B 7200200%¥ ik (R AE 1, b
KO, #EEEH2) IoWTilR5,

2-4-1 A VBIEER CAETTELD

IR BT 4 U IBIEHRED B & Fig. 8 1289, RNN
EFArohEhizr4 i, UTOFRETEBIEEhS,
9, @E2MOEELS 74 v g, OFALIZ T 2R/
DLBL ol /og, #ATH L, ZOME% [ 1ZEHT S, 22T,
LIZRNNEF LD AN L LT 2 FHlRIRAE, g, (2 RNN
EFLONNTHBPIDT 4 VOETH 5, WEOFHEIZ
BHRBES (L~ Lg ) G~ G- DRGNS, 7z,
I, DFFFIZERISR LTS &1, AEFIZLD
01,/0g, DAEXHEA » KL D/NE L ZIZ0 &T5, £/
BIRIBERIZ & D o1/0g, DA B BMELL Bz 572 & 2 i
1, 3ED/NEL< ko3 -1&35%, 2L T,
74 UBIERAgPDTOXS IS8R E NS,

4
Agkzznkilgki; Jm e eeeererenn et (18)
i=1

ZZT, 0 BIEDERT, I, NT2HATHZ, 2D
Ag, DIEERWT, RNNEFL2EHhEh7zr 4V g,
EXATEIET 5,

oGy TAG,; k=13 creereeeen (19)

BEZDTY A Y BRNNEFILDOASMIZT 4 — vy s

79

BUEIZ B0 B0 —SHlE T 4 v iR ABIE T & 20l

Update of RNN weight by BP |

Calculation

cE
Aw = ”‘"’8[“] = o]
cw

|E ) teaming rate

wew+Aw
PID gain
RNN Looper system
/
’ g,
Looper behavior

Fig. 9. Update method of RNN weight by BP method.

XN, HEE N3, &H, RNRNEFLIZ LB 74 v #Hx
FREXE57-012, gl SOy 4 Y OEILEYH 5
lsg &k &/PhXFNE, ZDOFr 4 VIBEAKRTT 5,
2-4-2 RNNEFLOEADOEH (FEHE?2)

B L 72 7L T) Z4I12KD, RNNEFLOH TN
B AEME I, E sy 4 v iEE T 5 Z L
FEhd, LrLars, SRR CHEREOEIC
BT A7-8HI1213, RNNEFLOBEAKEL BT 505
NdHbH, LML, RNNEFLOHIITICRT 2 #0607 — &
DEAEL L WERE FTIE, REar 4 v ORBIEIL T2 6
B\, 7, BUARR) 2 v — o SEEE) o0 ST B R IS ERT T
5Z&25, AT, Fig. 9 IZRT X DI —/3%E)
2B 2 M BEEUE 2 5 RNN EF L OEELAEH T 5
FAEERLUZ, TR, L— S804 v,
RNN EFLDEAE BPEICLDEHRTET7LTY X 4
IZDOW TR 3,

9, BUEDONL —SE@) L FAARREL O A KR TIEEL
UTRAERBE, 2 TO LS IZERT 5.

ZIZT, WA [N 3FEOE (EERBICHIS) #&L,
p FRFMMIIN T IEARKMTH 5., 7=, [0 THHER
BN—NEHOFHEETH D, BEL T2 —/F@) % ik
ETE, fe > TEHETH I eNnTE S, KFETIE,
Fig. 9 IZ/RL TV B XD, ==V 2= 2L, B
EERAE AL — SOMMESE L £ % 5. L CER
L= B80IE, RNNEFLAAN L T 3 2R K
Lyy~lyy 280, E512, 20) RUTRT &5 I FEHOKE
Dl LD 7212, L —SOREIZBIT 53l & LT, #i7
IZLUT OFHEREE 1, 3B L Th5,

I”lr
STO

d(o(1))
dt

dt




W 938

$% & 48 Tetsu-to-Hagané  Vol. 90 (2004) No. 11

EETLIT) XLIBRERKREENESTEH5 X512, BP
BIZEDRNNETLOEALAZTEHFTEL20&L, LITO
EOICEHAETEH T 5,

¥4, hllE BHO = —u Yy B L FHO
Za—aYEOEAL w{_f‘) ix, XN TEHF IS,

2 2 [ N
WA]_)(_W;J_)J,_AWAy_) ................. (22)

ZIT, HAEHE Aw) BRATHEI NS,

W2 BOEERER (517 gy DEEDL -/ FEHO
AP BEEAE 7oy, 74 Y gy D& E DI —EBO G
BB 1) #FWT, EAEHE aw)? 3XAD LS 12
Hitiahs,

(2)— (2),42)
Aw =g, 6%,

_ ] oy L™ liy-n
=" & zp/\'l(li{/]_li ) ————
i=1

T~ k-1
ng“](] _gk[/J)x(/‘%I)] ...................................... (24)

ZIT, L 3EEEK  EHICEG SREEO j FHO
Za—uyOhThb, TOEHRERTEHLN2B LD
12, L= SEB A EARRRE IS D < & (1, —10) DS 012
WDE, BAOEFHMANEL 55, E72, gy SHNE
kFEEBDO=2—va s d 5780 I BBIZHT5%EH
LTHY, FHELTIRI S D12k THREI N5,

1
&= 5k0(1 - ‘TT‘J
L

ZIT, e EEEEOVMIE, T, BEEHMOEKT S
B, ORIz, AL EE L OMOEAOEHIE Anl b
R L TR B, KR TEENS,

Aww=%{:§&”wﬁ)ﬁ%0ﬂmhm .................... (26)
k

ZZT, X)) BFERK I BEHIZETEANEO i HHO
Za-urORNTeH%, £, g, 13 (20) R&ABKIZHE
TP §TH5FEELTH S, DLOKIZKOBE N FH
HIE 7, i, BE2BIOFEEREREHOTIELE ET T
5ZLIZ, RNN ETLO&EA% IBIEHRT S, £ LT,
BHAEEH LZFZICRNNEF I XD RIEIFED 7 4
=N 5,

80

0.4
0.3+
o2l
st
o1 /)
05 10 20 30
number of rolling time [sec]
RNN+Ag
60
g‘so- o® e
&2 40
30l
g 20
0| | 20" Vs
10 2030
time [sec]
RNN Model
0.1 60 .
0.08} Fsof J0°
(P08 i <
0.04} [ 8,0 =~
' a2 =
0.02} :v g’ 10 20 /1
Q ¥ L ) n n
(4] 10 20
mmber of rolling 0 l‘?me [sec’llo 30
Human

(a) PID gains (b} looper angle

Fig. 10. Tuning results of PID gains by RNN model.
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Table 1. Experimental conditions.
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Fig. 11. Tuning results of PID gains by human.
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Fig. 12. Tuning results of PID gains by RNN model with
learning.

fEERE) &, JEMEME 2 BIH 2 6 60101 H & TiTwy, 2
FhHE2IZO0TUE, FEREKT, =10 & U, FERAFIE
ftds 28, FAEBIKSEIEL2S 15 BIHE CEADE
FEIT->THD,

Fig.12(a) {213, 1HH DL — /2 DO TRNN EF L D%
BFRRERL TS, KiZid, £EEIZK LU RNNEF L
DATHEET 728 % (RNN) &, EEF B LF8 HE
2 (RNN+learning) # {1 L7z & 2B ohsz, Wy 4 v
K, TEOWEET, WO, D320 4 v OREER %
MLTWbB, ZO/BRPERNE KT, FHIZLDE
Exr 4 Y ABELEON AR TFVARONDE, 72,
Fig.12(b) &, JELEM¥20mIE | 40BIH, 60EBIZHF 5
HMBEHEOIEB L 2RBOL - SHEORKRBIBE 4R LT
Wi, FEICED S VIRBE BV R DL ED ) L—
INEBYEIA — N2 2 = FAVNEL B, S0 EBNER
REICEDBFE N TWB I EWERTE S,

4. EbHVIC

AT, BB — SHIEIR AR I AR 7 1 >
WOMFE A BT 5 2 & & B, BIEMERE A £ HKOT
MEEBEDTY 4 2 AHETERNN EFALARE L7
RELET VG, ABOTF A VT — 2 2807 — 4
LUT, TOEFAMEEARE LA, 72, b—/ SIS



I 240

$%&4W  Tetsu-to-Hagané  Vol. 90 (2004) No. 11

B4 5 B O EHMBRIE A A DT 5 2 &2k, ABID%
YW AEET S22 A TS, ZOKHIZLTEE
K LU72RNN EFI&BIEL — /88 IR D7 4 v %
IEEAL, TOMREARER Lz, 5612, RNNEFLD

PEREA B 720 (2 2RO FEERE R IR L 7. T4bB,

RNNEF LB L7 4 ok 5 HIMEE 457 L |
ATAMIE A G S h B Hradilf#r 4 v 2BIEL 7 A 3
OEELAX S8 (FE A &, FHliEA B
AHTHELIIZRNNEFLDER A B REH T 5 HEAE
(FHFE2) D2OThbH, ThoDEEEREIZLD
RNNEFANWETES I L A#BEEBIZLORL -,
AFETIREL KL, ABOY A VEBERED 1DD
FBETH BH, B — SHIHRIZIREEh S 0 TIE

82

S, o7y MR GEMA S h AR S 5, Z
NoDBRPFTRORETDH 5.

2)
3)

4)

5)

X (73

H.Asada, A Kitamura, S.Nishino and M.Konishi: ISIJ Int., 43 (2003),
358.

Y.lijima, F.Wan, H.Mizuno, A Kido and K.Arishima: CAMP-ISIJ, 14
(2001), 1001.

H.lkeda, N.Kubo, K.Yano, N.Inami and N.Wakamiya: CAMP-ISIJ,
14 (2001), 1002.

[.M.Mujtaba and M.A.Hussain: Application of Neural Networks and
Other Learning Technologies in Process Engineering, Imperial Col-
lege Press, London, (2001), 99.

S.Imajo, M.Konishi, J.Imai and T.Nishi: CAMP-IS1J, 15 (2002), 931.
C.H.Dagli: Artificial Neural Network for Intelligent Manufacturing,
Chapman & Hill, London, (1994), 39.



