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This research solves the problem that estimates molten steel temperature of induction
furnace. However, measuring the steel temperature can not be performed continuously since the
molten steel temperature may exceed 1500 c¢. This exceeding high temperature results in an
extremely short lifetime of the thermocouple. Therefore, the temperature is indirectly estimated
from the power input, temperature at the furnace bottom and the temperature/flow rate of the

coolant.

The main purpose of the temperature estimation is for energy saving by the user can
estimate temperature of induction furnace. When the estimated temperature reaches to the point

of the requirement, the user can stop the power instantly before it is averheated.

In this research, genetic algorithm is used for finding the process maodel and compares
cstimated temperature from this process model with the measured temperature. The results have
the maximum error and the average error equal -2.25,-1.124 ¢ , respectively by comparing the
estimated temperature from the genetic algorithm with the least square method in the past, the

estimated value from the genetic algorithm is near the measurement temperature.
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Energy Energy

Furnace

Means of heating

Main fields of application

1. Fuel Fired Shaft

Heart

Crucible

Cupola

Reverbatory (air)

Crucible
Lift out or pit type

Tilting

Bale out

Coke. Charge in direct contact with fuel.

Continuous melting

Gas; oil; solid fuel

Gas; oil; solid fuel

Gas; oil; solid fuel

Gas; oil

Cast iron; steel (duplex with converter)

Non — Ferrous alloy; cast iron malleable

Most alloys, except steel

Light castings, especially die castings
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Energy Energy Furnace Means of heating Main fields of application
2. Electric Heart Arc Direct arc Arc to charge Steel; cast iron
Indirect arc (rocking) Radiant arc Non — Ferrous alloy; high alloy steel and
special iron
Crucible Resistance Resistor (static or rocking) ~ Radiant resistor rod Steel; cast iron; copper alloys
Resistance Elements (shroud or immersion) Non — Ferrous alloy; especially holding
for die casting
Melting Induction  Coreless induction High frequency induction Steel, especially alloy and small tonnage;
Channel Ni base
Low frequency induction Cast iron

Cored induction

Low frequency induction

Non — Ferrous alloy; holding for die and

light casting

N MNUITUNT (2538)
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with low fitness NITHNNIVAN LLﬁ’Jhl‘WQﬂﬁa"ILWIQﬂﬁﬁ”l\‘]blﬁllllTLLVIUVIGlu@]TLL‘HL!Q‘VI’JNL‘HETIL!L!

MIADALLY Elitism (JUMI@ASUIUY (Copying) 1A Tu T 2n,n=1,2, 3...
Tns T Tsufiafigalugu (Tas T Tougueu) udadumaealas Tulauii 13 v
Tas TuTswduiimaemduiumsdwaeiug uazmsnaeiug o Tns Tu Teufimng
nlas TuTaudauiivde ileldTas TuTsumnzauasunds fh T unud Tas Ty lsudaud

9

=) d! 9 [} aAav Aq Y A a dy :JI [ A
miae ¥eaz ladszans vy luanudsenldmsdenyiiail ludunoumsdaaon

Y
3. M3NUMWUE (Crossover)

9 v 3 as o ] 1 "o J 09.: 1
MR HuIsmsswaa lvuvesIas Ty Tasunouinug (Parent) Adua 2
9 ] o v f . 9 Y4 y
Tas TuTauau T o 1d 1ailuTas TuTaugugnnaiu (Offspring) Msduaenugi vziing
o o 9 v R [l [} 9 ] I I o o 9
fruasasimsdwaeiug 3 lasdru vz ldanuingdu dudrdimua msdwene

o 4 A 2 o . ) o & o A
WUzl 2 anbuziuny A sduaewusg (Jang 1.S. et al., 1997) il
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[ 4 o ]
1. ﬂ1§"’ff’l§Jﬁ’]ﬂWUﬁi 1 AN

Crossover point

10111110 10110010
11110010 I11p1110

[ 4 o ]
2. ﬂ1§"’ff’l§Jﬁ’]ﬂWUﬁ 2 A UN

Crossover point

1oo11/110 1F111H0

110110010 10011010

4. _M3n@1eWus (Mutation)

Wuitmsulasunlasdu (Gene) vionlasunilasaudosuosTas TuTawdy i1
A 1
Tas TuTanfunarodiulas TuTyw i TasdnAudimsnaeiugaziidsnimsnaneiuii

1 ° 1 o Ja o ] Y
ﬂﬂu"lal}N@ﬂ IFU miﬂmﬂwu‘qﬁmgmm nv 70U 3

987123110 981512011

a d
5. msmﬁmnmmm

ynaumsmnmgagiveniminluamaoy (uuiaemanudeuveun) au
ms (24) mnsiimesaaulngjaz 1dnnmsiam fifiesdned (c,c,,c,) Mzdoariims
AMuIUNIM

Tumsmsnsiimes (c,c,,c,) fliZAnTuez 1455 nmdAnsane3 iy (Genetic
Algorithm, GA) T IT Ter T A By A (c,C,) ﬁ?}'ﬁqﬂ @nmmwaﬁ"léfa%ma”l%mlu

v 9 a o asR = = [ [ ~
NIVDAUANDANDINU HIVTUUANNIT ﬂ\illﬁﬂﬂiuﬂTW‘ﬂ 11



Gen_n, popuSize,

xover rate, mutate rate,

bit n,var n, range, obj fcn

v

popu = rand popuSize, bit n*var_n>0.5)

'

i=1+l1

l<

fen value= evalpopu popu,bit n, range, obj_fcn)

[best, index] =max(fcn_value)

Y

print Generation (C1 ,C, )

'

end

y

popu= nextpopu popu, fcn_value, xover rate, mutate rate)

{ :/l a 4 9 a, a o a
ﬂTWﬁ 13 UFAAVUADUNITHINITINABT C,C; ﬂ’Jﬂ’J%Li]Lu@ﬂE]aﬂE]ﬁﬁll

4

H Y
NNNN 13 FWNT00TVIYTUADUN TN hlfg’l}ﬁxiﬁ

1. MHUANIAINE

1.1 Gen_ n: $1u7uu (Generation) ¥091/3231035 nT0S1MIUTUVDIAIAIN

(C.C)
1.2 popuSize: ¥aveszrng lugu HiovuIMveAIALi (C,C,)
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J

1.3 Xover _rate: oas1MIIINa1oNUT

Q

J

1.4 mutate rate: 6a31MINABNUT
L5 bit_n: swoandadmsumniimes (c,c,) fimmudasd
1.6 var_n: s nes (c,c)
1.7 range: ¥9U0aW15 003 (¢,c,) uAazm

”

1.8 obj _ fen: Wendugailszaast (Objective Function) luiiitigaiseasaiie 14

Y
' a o <
ﬂign'lmﬂ'lqmwaﬂmﬂqu’llwaﬂiu!@nﬂa@u

Ra(i) +¢ [T, 1) —¢,. M, (). AT, () —¢

T,(0)= (27)
(o}
nag
F?n min _CS
c - :
I\ﬁLw, average 'ATW, average
1.9 Fitness_Function %3e dou'ly (Constraint)
5 A 2
error = —Z (T (1) = T,(0,)) (28)
=1

Taoh  T(,) flugamaiifldanmsdszunadeaunsi (27)

T.(i,) Wnguuginlaanmsiaess

A 9 1 ~ 9 as 1 o 9 @
2. wilsgmnsisuau (MAIN (q,C3)) AIYITNITPY UASINTVITUALVULAVIIU

@94 (Binary Encoding)

fee1e auuasuald popuSze=5, bit n=6, var n=2 a2 ldszmni5uy
9 1 d‘ d‘d a | %
AU ( popu, VUIAVBIAIAIN (C,,C,) ) NUVUIAUBANATNININ

(popuSizexbit n*var n)= (5x12) AA1081915U
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popu =

IR} T, .
S O O o O
S = = = O
-_ o O = O
S O O = =
—_ O = e
S = O O O
—_—_- o = O
—_—_- o = O
oS = O O O
- o O = O

—

]

v 4
3. dmfui=199 Gen_n Taanuassag 1

4. msmswmngau (Fitness Value) dszannsinuilasdugadsyeasd dmiulu

9 4
Av AA v

U 4 4 4 d
NUABTLTUA UM aauaad lun1nd 14 vazand 15 1agluaini 15 Yumsnaaou

1 § Y/ J v 4 4 1
szang (mmﬁ (c.,c)) é}aﬂmﬂwqﬂﬂizmﬂ (Objective Function) Lﬁa@,mmmmmzﬁn

09: 4! = v % dy
(Fitness Value) 991529105119 F9UHannIsasil

° ' A Any & A A 3 s &
4.1 thilsznns@nedi (¢, ¢, )N Idauaoulunini 13 nTennduaoui 2 &9
! . . % o [ ~
aglugiluoaaug e (binary string) 11 A ludwmisdauaaslunini 14
o Ay Y o ~ £ o g Y . '
4.2 lsgnnsnldannduaenlunini 15 S luduaouiiunuaie String AU
Y I a A o J a 4 A 9
nszuruMsulasavgivaes idluaygudy iefivuasmaimes c,c, 1I3uAY
o 1 a ¢ Ay v o o o ¢
43 Wawslnes ¢,c, Nldvninduaou 4.2 unuluiladdugailsesn
1 % g 1 a o;l <3 J
(Objective Function) aunsh (27) aludiieg ldmgumgiivewuinnan (msdszuma
Y
a o <3
guvuluvan)
o 1 AA & . .
4.4 mmqmmmﬁllﬁ’ Tnagevdreilanduanummnz ey (Fitness_ Function)
A A 9 A A oA VA A Y = a
aumsi (28) visonadounigldiouly Faliteu lunmnmunauiigarzdeslinnuianain
{ A I
toonge (A lAiluan)
qu/ 1 d‘ Y ng d‘ [ [ Y qu/ 1
4.5 nviumn Idonduaeui 4.3 sggndanaumn B luduaeumsmisuruzay
(Fitness Value) aautaadlunini 14
x qﬂjl qﬂ;/ 1 I o 3’ )
4.6 FauUApUAUATD 4.1 — 4.4 3zidumsiidhg mhdusauves pop n

4.7 adennrmzay (Fitness Value) nau lueiuaoulunimi 13



[

Favz laauvunzau (Fitness value) NaNgn Aoy

3-0.0337 x10*C
5—1.1562><104B
Fitness = Lho.1162x10*0
O 0
13.5065 %10

H-3.2967 x10°H

x1

fitness = evaleach(population, bit_n, range, fcn)

pop_n = size(population,1)
Fitness = zeros(popu_n, 1
>i

L fitness(count) = evaleach (population(count,:), bit_n, range, fcn)

H Y
MU 14 taasiuaoumsmaniingdy (Fitness Value) ¥9915z31ns
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out = evaleach(string, bit_n, range, fcn)

v

var_n = length(string)/bit n

input = zeros(1,var_n)

-

input(i) =bit2num(string((i-1)*bit_n+1:i*bit_n), range(T, :)

'

Obj_fen

(ObjectiveFunction)

'

out = -1*sum_of square_error

(Fitness Function)

a o v 7w s .
NINN 15 Llﬁﬂ\T"Uu@]'f]uﬂ’lﬁﬂ@ﬁ'f]Uﬂigﬂf'lﬂﬁﬂ’gﬂﬁﬂﬂ‘]fuﬂﬂﬂﬁgﬁﬁﬂ (Objectlve

' £
Function) Lﬁa@mmmmmzﬁn (Fitness Value) ¥941/3291031714¢)

[ 1 A, @ 4
5. mlsznsguae 11 (Next Generation) A2075100N (Selection), MIMUA1BWUT

E]

4 F4
% U

[ 4 o o a A [ {
(Crossover) HAaZNIINAYNUY (Mutation) 150 IuNUINRLTUAB UMW Aduaad lumnn

= % o dy
14 Tagriann1saall

o { ' o o J
5.1 indszannsn g snmsiumsnaaeulszansdreflansugaiseassuasd

9 [ v 1 9
AunuIzay (Fitness Value) ud) mnvuaeulumng 14 MnA 15 cdﬁqgﬂmﬂé’um"l%’%’umu

EJ
a o dal Ja Aaa R

1 [} o [ <
Tupwh 11 WFHIUMSIEN (Selection) d1w5U 11811935 DaaTu Tasmsnulszns
Y Y

NANgAVEITUH NITUNNANHINE TUURITZHINTTUY 11 2 /i

q

r =)

= ng; J 1 A A o’/’ ]
5.2 mendszanns anaseas 2 m nndsemnsaruimias luduaeu 5.1 1
{ ' o 7 : v J o '
Uszmnshgnidon wEumMsIuaIeius (Crossover) Faldmsdtuaieiuguuy 1 fwms
3 dyd o @ 9 v MNY 1 @ 9 o Ao dy
LLﬁSiH“UU@]i’)l!llllﬂﬁﬂ"lﬁl!ﬂf’]@ﬁﬂ"lislnilﬁWEJW‘Lngll’JmiﬂTJ 1 dwmsuluauivedl
o 1 d‘ Y z d' a z =
5.3 1!1ﬂ1Vlllﬂﬁ]1ﬂleLl9]®u 5.2 ll‘ljlmuﬂﬂi%ﬁlf"lﬂilﬂﬂslumuﬁ@u 5.1 3UATUY

suaumnuilsensay



56

c?;} o c?;} ~ o o 7 . ) o
5.4 nmihilszans luduaoui 5.3 lilviimsnatewug (Mutation) d1visulu

9

Ay Ao [ [} Y 1w
QTll?fﬂ‘c’Juﬂ"l‘Viuﬂ@ﬂiTﬂ"liﬂﬁWEJWlJﬁ:Ul’JWHﬂ‘U 0.01

9 9

iWedugaiuaouh 5.4 9z ldlszannsjusoli (Next Generation)

v o

3929819 195U

m 0010101100 10
H 0000010110 04
Next Generation=10 0 0 1 0 1 1 0 1 0 0 oU
9000000110015
1001001101 15,

new_ popu= nextpopy popu, fitness xover rate,mut rate)

v

new_ popu= popu

Popu_s =size(popu 1)
String_leng =size(popw2)

v

Elitism: Find the best two and keep them

L—  crossover rand < xover__rate

NN 16 LAAINITHUUDIUTUAD 1) (Next Generation)



o’/’ t:‘ 9 1 1 L% L:' o 2
6. nTuaeui 1-5 91am (C,C,) (vouwaziu Ny Gen  nifmua) ag

AT

:g'u 1 (Generation 1)
:g'u 2 (Generation 2)
:;'u 3 (Generation 3)
j:u 4 (Generation 4)

j:u 5 (Generation 5)

6. milszanumapamgiivesinlavy

C
= 1788.85

= 1788.85
= 1783.36
= 92346
= 945385

C3

374.62
145.88
159.95
396.77

278.02
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1 a g‘ <] a 09/’ o Y
m’immqmﬁgmmem1maﬂ1umma@u mmma‘ﬁmﬂmuﬂ@umimﬂm"l{?f ALLAAN

a A

Tun i 17 Taeaumsmsdszmnmaiguygi Avaunsi (25) drundsaulddud, das

QU

9

g’ 13 a 3‘ 13 9 = B 1 ] A
m'illﬁmlmumaewu, BUPNUDIUTVABIIULUT — BN ll@fﬂ']ﬂﬂ']ﬁ')@ﬂ']“]f\?!ﬂﬂﬂ'll!ﬂﬂ@’[’)!1!'0\1

. [l [ 1 A Iaxn o o AN Y 1 Y
(Real Time) dauludiuvesmnad (c,c,,c,) Niasmsduudsi ldnauudr lumsm

MNTN05

2 v
LITUAU

guvglisudu (T,(1)) ,t_ span

M, @), T,@0),R.().(c.c,,¢c)

-
v

i=t span(1) :t span(2)

v

P.() cT.() .M, (). T, ¢

T.()

c

UM TRINU

1 Y
AIND 17 u,amuﬁmeﬁumaumiﬂizmmmqmwgu

Y

o <
Huan
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dmsulFluanddted diefmuald Gen n=s, popuSize =20, xover _rate= 1.0,
mutate rate=0.01, bit_n =16, var_n =2, range = [500 3000; 100 250], obj _fcn

Wuaumsi (27) uazladFummnz e ( Fitness  Function) Wuaumsi (28) Weiims

Y a 4 A 0o v w dy
Uszuanavy lasmaines (c,c,) Imamudrauasi

¢ = 269371
¢ = 21214
oz 1

c, = 94

werhan (c,C,,c) Nldunuadluaumsi (25)wla

5 P, +2693.71xT (i 1) —(9.4 x\&, .. AT, ) —212.14
0 = = St (29)
2693.71
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4 ad
Qﬂﬂiﬂ!l!ﬂ%?ﬁﬂ’liﬂﬂﬁ@ﬂ

qunsal
1. FieldPoint 3 module (FP- 2000,FP-AIO-600,FP-AI-111)
2. Thermocouple Type: R 1 A9
3. Thermocouple Type: K 3 A9
4. Power meter 1 >ea
5. Flow meter 1 AR
6. Transmitter 5 >ea
7. fOUNIADT 1 %
8. Display 1 AR

9. J1sunsy LabVIEW 7 tag 11)51n51 MatLab 7

ad
3I5N13

Y

=2 a A = o Y
NNMIANHINHHHWUTIU uazmﬁmuaummamﬂamLmumumuﬂﬂwuﬂtym

[

A Y ] v v =2 Yy 9 o Aan as o o Vo
\Tﬂllﬂﬂa’]'nﬂllﬁ')ﬁlucl/i'lsllﬂﬂ’lﬁﬁﬁ'ﬁ]k'ﬂﬂﬁ’lﬁ fﬂ\ihlﬂ!!,ﬂhlGlJﬂTthlJﬁq\‘]'J‘ﬁﬂ']ﬁ’J‘ﬁﬂ'ﬁ'Jﬂl!agiﬂ — @3 A

Ty ol Aduaagluning 18

Type R:1520- 1540-C

Power meter : 1200kw‘/w

A am J [ 1 [ o
MU 18 uaadIsnMs uazgnaaianieg Tumssy - a3 dyanaluilegiv
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£
1 av [

as 1Y [ 1 [ d' 9 S A o [ dy
IDN1TIA LAZTU — T3 ATYYIU Nl uaITul YHanmsMIUaH

Transmitter
LabVIEW
and < | FicldPoint -
MatLab \
Display

9
1 a I o

1. Sumeurgiiuvanvinmes luawda sila R @

Q Ll Q

IausHal e Lazaa

1 a 4 . A o [ o
QIUHIUNTIUATAADS (Transmitter) tVoudasdyana iudyananszua lihmasg

9

a
4 - 20 mA UA2189A13189 module FP-AI-111 U84 FieldPoint

[ 1 a A Y 3 Y. Y o [ a) a Y Y2
2. sumgamgiuinuldm alaimsiunes Tuawila siia K 13 nazdsdyonm

g

] a J . A o 3 o
HIUNTIUALRAIADS (Transmitter) tWoulasdayanan Hudyaunszualiidunasgiu 4 - 20

mA 132e9A13189 module FP-AI-111 U84 FieldPoint

% 1

Aa A oy U < 9 & Yy LY 4 v A a Y 1
3. JUMYUUIUUINIUUIHADI ULV Glf\‘ihlﬂiJﬂ1iFJ\1LﬂfJﬁI§JﬂWLﬂa FUA K hl') Haso

J

] a . A 13 < o
IUATUNTIUANAADS (Transmitter) touasdaana Hudyanunszue luihinasgu

9

a
4 — 20 mA HAIE9A1189 module FP-AI-111 U84 FieldPoint

Y
a A o '

% 1 < = Y Ly 4 v A a 9 [
4. JUMDUNDUUINIUUINADWYUDDN G]f\ﬂﬂﬁJﬂWﬁﬂjx‘ll‘V]ﬂiIﬂJﬂWLﬂﬁ BUA K ‘1'3 uaga

Qq U

J

] a . A 13 < o
IUATUNTIUANAADS (Transmitter) touasdaana Wudyapunszuea luilinasgiu

iy
4-20 mA 132e9A1M189 module FP-AI-111 494 FieldPoint
5. sumsasng lnavenimaeidy qﬂﬂﬁtﬁmﬁ5’ﬂé’mwmi"lwameﬂfmfim§u

(Flow Meter) ta a4 ﬁagmumvhuqﬂﬂmﬁﬂﬁaummﬁ ( Microprocessor Frequency Isolated
Transmitter) Hudyananszia lWihinasgiv 4 - 20 mA 1183 module FP-AI-111 489
FieldPoint

6. Susmdsnulvih dremnnesiimes (Power Meter) udrasdaananiludayana
nszud Irlihuiasgiu 4 — 20 mA 1183 module FP-AI-111 404 FieldPoint

7. Sumdnnaa1e9 910 FieldPoint taz¥imsdszunanadio Tsunsy LabVIEW

8. i ldandunoui 6 ThlszuanadaeTalsunsy MatLab

0. mmtudsmi I§anduneui 7 ndu 1§ module FP-AIO-600 Yo FicldPoint AT
maT15uns3 LabVIEW tite ueraana Tasmsaann1aéa Display uazmuauqmwgﬁﬁyuwﬁﬂ

£ g £ o wva
Tuevaon Fuumsaruauuuunagn Tuia
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(1) Control panel

@mm&wn T%ml!!

E—unmrmmm‘gmq

(2) Control panel



(3) Control panel

NN 19 AN control panel of LabVIEW 1151053
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Front panel

NN 19 @AY front panel of LabVIEW T1/5un5u



{ 1 a Jd 1 { Y] 1 1 1 4 [ o o
A1519% 12 UEANATNITITUIADIA NG ﬁﬁﬂ'li’)ﬂﬂ"l’f)ﬂ'l\‘lﬁﬂlﬁﬂﬂ Tu 1 Jusihau 2 NEMININU (NI 8.00 — 20.00 U., NTADY 20.00 — 8.00 U.))

- y NITHavU N13raou N1Traou N1TYaou N1Traou NITHaoU N1Traou
W03 24 2 4 2 4 2 4 2 4 24 2 4
ATIN 1 ATIN 2 ATIN 3 ATIN 4 ATIN 5 ATIN 6 AN 7
wasanu Tt gew) 1100 1100 1100 1100 1100 1100 1100
é’mwms'lmmmﬁmdmgu
395.83 399.091 399.091 390.726 388.563 390.726 390.726
(kg/min)
gavgiusnmldin (°C) 136.615 136.615 136.615 136.82 136.82 136.82 136.82
gagiimaedwdh (°C) 32.924 32.924 32.924 32.924 32.924 32.924 32.924
qmwgﬁﬁmdmﬁuaaﬂ (°C) 38.732 38.732 50.807 50.807 50.807 45.415 45.415
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] < o H ° ° [
Lﬁﬂlﬂﬂ%ﬂyja aataadluasen 11 LL%’J‘L!"IN"WI"Iﬂ']ﬁ’E)E]ﬂL!‘U‘U uazmmﬁ’”lmmumam

A s a o ~ ° P Y, <
1/]'NﬂﬂlS?’]ﬁ']ﬁﬂﬁ‘lJ@\1Qﬂ!ﬂ{]Nu']Tﬁ‘l/igﬂTﬂjuLQWﬁﬁﬂMTﬁﬁgllﬂﬂlﬂufJ'J‘Ll'] 11@11ﬂ1§uﬂ1ﬂ]ﬂ’]3lﬂll

9 Y I 9 Aa o [ ] A A o 1 ~ ~ 1T o dgl
T@Haiﬁlﬂum@ﬁgamﬂﬂ’ﬁﬂTﬂTu@81\1@]@!”@\3 INDNITATUIUUIAIAIN (Cl’CS) NUUUITNINUU

U= = A U A = 9 ~ a d A
uaz laimsnlFeuimeumsmaned (¢, c;) Tunsdiaiee 13 4 nsal Taemsilinesaiee A

sndu Gen_n, popuSze dwisumsiaenldau ldedranminzan duaaslumsien 12

o o4 4 o
M31N13 uananmsnfFeuneunmsniaini (c, c,) Tunsaiae

. AAanantiosnga anuisalums
nyal .
) lszunana (U1N)
Gen_n fisnunn, popuSze lstles 19.20 17
Gen_n fisviee, popuSze fiauin -0.59 15
Gen_n #awn, popuSze UA1wn -0.07 38
Gen_n fiatiee, popuSze fiatiew 23.81 5

NINGMA 1. ADNTNIADS: CPU AMD Athlon(tm) Processor, 900 MHz, 256 MB of RAM

Y [
2. WIUMINAABY 10 ASINIINAADIAENTA Tagh Gen_n=5,20 ju e

popuSize= 5,20 UsnT
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% Genetic Algorithm %

generation_n = 20;

popuSize = 20;

xover rate = 1.0;

mutate rate =0.01;

bit n=16;

var n=2;

range = [500,3000; 100,250];

obj_fen ="temp dyn';

popu = rand(popuSize,bit n*var n)>0.5;

disp(' Cl C3 fitness value(-error)")

for i = 1:generation_n;

fcn_value = evalpopu(popu,bit_n,range,obj fcn);

[best,index] = max(fcn_value);

fprintf('Generation %i: ',i);

fprintf('%3.2f, %3.2f = %3.2f\n',bit2num(popu(index, 1:bit_n),range(1,:))....

bit2num(popu(index,bit_n+1:2*bit_n),range(2,:)),best);

popu = nextpopu(popu,fcn_value,xover rate,mutate rate)

end

>
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% Find Fitness Value%



function fitness = evalpopu(population,bit n,range,fcn)

pop_n = size(population,1);

fitness = zeros(pop_n,1);

for count = 1:pop_n

fitness(count) = evaleach(population(count,:),bit_n,range,fcn);

end
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% Find (Cl, Cs) and Test by Object Function %

function out = evaleach(string,bit_n,range,fcn)
var_n = length(string)/bit_n;

input = zeros(1,var_n);

fori=1:var n

input(i) = bit2num(string((i-1)*bit_n+1:i*bit_n),range(i,:));

end

%%% modify 15,16 %%%
st time =4680; % start Time ,change in evaleach mfile
end time = 5400; % end Time ,change in evaleach mfile
qq;
CII = constlI(st_time,end time,input);
Ts_est= feval(fen,t span,Ts_init,input);

sum_of square error = find error(Ts meas,Ts est,t span);
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out =-1*sum_of square error;

% Select and Test by Crossover Rate — Mutation rate %

function new_popu = nextpopu(popu,fitness,xover rate,mut _rate)

new_popu = popu;
popu_s = size(popu,1);

string_leng = size(popu,2);

tmp_fitness = fitness;

[junk,index1] = max(tmp_fitness);
tmp_fitness(index1) = min(tmp_fitness);
[junk,index2] = max(tmp_fitness);

new_popu([1,2],:) = popu([index1 index2],:);

fitness = fitness-min(fitness);

total = sum(fitness);

if total ==

fitness = ones(popu_s,1)/popu_s;

else

fitness = fitness/sum(fitness);

end

cum_prob = cumsum(fitness);

for i =2:popu_s/2



tmp = find(cum_prob-rand>0);
parentl = popu(tmp(1),:);
tmp = find(cum_prob-rand>0);

parent2 = popu(tmp(1),:);

if rand < xover_rate

xover_point = ceil(rand*(string_leng-1));

new_popu(i*2-1,:)=...

[parent1(1:xover point) parent2(xover point+1:string_leng)];

new_popu(i*2,:) = ...

[parent2(1:xover point) parentl(xover point+1:string_leng)]

end

end

mask = rand(popu_s,string_leng)<mut _rate;

new_popu = xor(new_popu,mask);

new_popu([1 2],:) = popu([index1 index2],:);

B
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% Find Initial Temperature Tstimation %

%qqg.m

%%% modify 5 %%%
Ts_meas = xlIsread('TOP2");
tinit span = [st_time end time];

Tinit = zeros(tinit_span(2),1);
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Tinit(tinit_span(1)-60:tinit_span(1)+60) = Ts meas(tinit _span(1)-60:tinit span(1)+60);

index0 = find(Tinit>1450 & Tinit<1480);

Ts_init = max(Ts_meas(index0));

index00 = find(Tinit == Ts_init);

t_span = [index00(length(index00)) tinit_span(2)];

% Find Temperature estimation %

function Ts_est = temp_dyn(t_span,Ts_init,input) %(t span,Ts_init,Mw,input)

% P_in=1100;
%Power in

P_in = xlIsread('Pin"); %Pin is power in ; %P_in = max(P_in)

% Temperature of water flowrate

Tw_in = xIsread(FLOWIN1"); %templn is temperature of water flow in
Tw_out = xIsread(FLOWOUTI"); %tempOut is temperature of water flow out
delta Tw(1:t_span(2)+60) = (Tw_out(1:t_span(2)+60) - Tw_in(1:t_span(2)+60));

Mw = xlsread(FLOWRATE1");

% Estimate steel temparature
Ts_est = zeros(t_span(2)+60,1);

Ts_est(t_span(1)) = Ts_init; % Initialize steel temparature

fori=t span(1):t span(2)+60;
Ts_est(i+1)= (P_in+(input(1)*Ts_est(i))-...

(input(2)*(Mw(i)/60)*(delta_Tw(i)))-input(3))/input(1);



110

End

% Object Function %

function sum_of square_error = find_error(Ts_meas,Ts_est,t span)

T1(t_span(1)-60:t_span(1)+60) = Ts _meas(t_span(1)-60:t_span(1)+60);

T2(t_span(2)-60:t_span(2)+60) = Ts_meas(t_span(2)-60:t_span(2)+60); % to change same as fig

mfile

index1 = find(T1 > 1450 & T1 < 1480);
index2 = find(T2 > 1500 & T2 < 1540);

ts_meas] = max(Ts_meas(index1));

ts_meas2 = max(Ts_meas(index2));

index11 = find(T1==ts_measl);

index22 = find(T2==ts_meas2);

index = [index11(length(index11));index22(length(index22))];

error = zeros(length(index),1);

for i = 1:length(index);

error(i) = Ts_est(index(i))-Ts_meas(index(i));

end

sum_of square error = sum((error).”2); % time to sum = munber of length(index)
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% Find C, %

function CII = constII(st_time,end time,input)

ct_span = [st_time end_time];

Tw_in = xIsread(FLOWINT1");

Tw_out = xIsread(FLOWOUT1");

delta Tw(1:ct_span(2)+60) = (Tw_out(1:ct_span(2)+60) - Tw_in(1:ct_span(2)+60));

Mw = xIsread(FLOWRATE1");

P_in = xIsread('Pin");

Mwdelta Tw = zeros(ct_span(2),1);

fori= ct_span(l):ct_span(2);

Mwdelta Tw(i)=((Mw(i)/60)*delta_Tw(i));

end

L = length(Mwdelta Tw(ct_span(1):ct_span(2)));

avgMwdel = sum(Mwdelta Tw(ct_span(1):ct_span(2)))/L;

CII = (P_in - input(2))/max(Mwdelta_Tw); % input(2) is C3
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