J S oo

|
s ISSN (print) 2008-8345
c ISSN (online) 2538-3752
E

- ; . : FIr
VA-4Y amio VP Sl ) ojled VOM Byt

[ Downloaded from joc-isice.ir on 2025-10-30 ]

[ DOR: 20.1001.1.20088345.1400.15.1.8.3 ]

glod Kol g5 50 Lowwdly (S3g0e Ko (6 g8 AW (Sl S

Y - . \
hsrasouli@ae0i.org.ir ol 1l & (S 4 05 5 oo oKin g3 (gl 4tmd Z10E 5 LoDy 0uSliin g5y

fatehi@KNtU.ac.ir ol 1 0l ,g5 ¢ gwsb p Vs 4l xio o881 (S g% 05 8 (G owelige 548K yLtils "

AR/ ¥ 1 WAAN YN 1S3l s

ol 05 bt 8 5 S a5 L .Conl S 3550 L3les SSalS 5 (slawdly (83 508 O (ilud e lin ol 55 ioK

ol gsllae s Shae 0T (5 dorly oS U287 (b (2 RS g o 5ldie 5 (Lalis pgn o sl by ol
SE i gldis dlie ol 53 ol oBs el J LU 53 (68 4 dir (g5led e o] 1 oxlinal (glgiiy o ol ) ST o
SOl 5 53 Loy (65508 O o 25 lresls éj:fjlgib‘\x.i\): A CJ]m S 5 aile 55 Lewdly (63 508 O (6,8
3l eslizal b abol Jute &G o 355 0 (S3lad e ot Slnn 1 (e (5 mST lulis 025 S e sy OT LIS &5 cotisles

el (g5led e 5 Shes 3 500 5 QL‘:J)Q; Sl b aslin oot slel o] .:bjfsa‘_,’;‘@»)l.:;;\j&l;_j)‘ s slaesls

(&S 43\?.\;3 Solwdde (6 S 45 0 (s led e ey (63 505 o8 «&»lf): o&ans (SO Olols”

Fractional order Multiple Modeling for Plasma Vertical Position in

Damavand tokamak

Hossein Rasouli, Alireza Fatehi

Abstract: In this research paper, modeling of plasma vertical position (PVP) in Damavand
tokamak is discussed. Due to complexity and nonlinearity of this machine, conventional linear
methods of modeling and system identification cannot satisfy expected performance. In this
research paper, the fractional order multiple model (FOMM) is proposed for modeling of plasma
position in total operating regions of tokamak machine. By using the experimental data, several
fractional order local simple models were constructed based on error criterion to cover all possible
operating points. Then the obtained model bank is evaluated and validated using experimental data.
The results of validation and comparison with previous models on the same machine show
improvement of modeling performance.

Keywords: Tokamak, vertical plasma position, fractional-order system, fractional multiple
modeling.
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M5,, | 20 |08 |0.01416 | 0.01367 | 0.01386 | 0.01367 | ¢, =0.00010708s -4022888 - +:57.621

~ 8114 X 10752* + 0.000820865™° + 0.339285°% + 57.615

Journal of Control, Vol. 15, No. 1, Spring 2021

VFee Sl o) osled 10 dor oJ 28 dlons


http://dx.doi.org/10.52547/joc.15.1.79
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.8.3
https://joc-isice.ir/article-1-744-fa.html

[ Downloaded from joc-isice.ir on 2025-10-30 ]

[ DOR: 20.1001.1.20088345.1400.15.1.8.3 ]

[ DOI: 10.52547/joc.15.1.79]

AV B3les Sl 5 53 LDy (83 308 O (6 S G0 il

L S

L;‘J.:&L»Lﬁl @L’b ‘&)KM&‘} &lf‘ Ly A.ILJA.A ol ol
aslle 5 g OBl pramen 5 V5 Pl o S bl )
ol a))_’T\“J.ifar).: ol um‘éhdb‘j-}f_’@sb ﬂ.‘)’.)J’.

Sl

O gladate (b3l 5+ 8 abas plulis —
Wl =+120.1 (lav b+ L5 i ol o3 slatlesT
34 DY s geme ol 54 b plowl Calitue LS YO sltes
ooled) Oli s F eslimal Slulid gl sy o W5 p Ll
55 ks OBl i seT I Ol gt 4 ady 5 Cond Sl Ol gim (YOF

o3l OLas +Y LI abi ¢l plelis glaesls JolS de oz \\J&fu

Experimental signals for operating point -1

-1, (10kAV)

N [”™ PRy Z X ~
e AWZEN RARY) \\’/

LN o] 1 o)

v

\\,’ )

Volt
N o N
% ’

H“i A H ﬁ‘ (WY

(0] 20 40 60
0.9 7 1 N
= i i
CRISERE
> i da e i i
11 i [T fH ARtn It
0 20 40 140
l t 1 1 el I n
[
§0i Lol Ll il
it
4 [ i [ ‘I I[ [ | B :n
0 20 40 60 80 100 120 140

Time(ms)

=V ki (1 Lgls 1l as seze 18 IS

RMSE For train & test data

04 a:for M1 = RMSE train b: For M3 c: For M5
: —RMSE test |01 g
w J——
7} 1
=00 \ /_ .05
4
o %

alpha

0.5 1.5

d: Experimental and models outputs
e o —

0.5

1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
0057 1 1 1 1 1 1 1
1 1 1 R 1 1
= 1 [6 1 1 f R 1 Iy
S oy 1 1 1 N Y 1 1 1
1f 1 1 : 1 1 = Z o
1 | Y e ftered
005 ) ' - Zt5)
1 1 1 —-z; (M3,)
041 LRI | Ly by ez
2 4 6 10 12 14 16
Time (m$

e 2 RMSE (sllast ~¢ c M3 Juts jbla 1y @ um s RMSE (sllast -b « M1 Jute jbilu 61y @ em 3 RMISE (sllast —a 1)+ S5

(#“‘/\)Q..JQU:)Q—\ Jlfdaji6‘j:“g&ﬁ|6w#@}f}w@}ﬁwﬁa—dLM5 d.\;)b&b&‘ﬁ o

=YL b gl sl b cCalizee (gl bl ,lﬁjlgﬁd‘”})}%‘5l€.§m@t§fd,k

Model | St(ps) | « RMSE Gy— Gy FOTF
M1 100 | 1 |0.020725 stable — unstable e 89161
000548625 £ 7.6741
M1 50 0.9 | 0.021033 stable — stable Ga= W
s 0 1| oot7zz Sl L Cet = 5876 % 1075 1 85464
M1 10 |09 | 0.020169 stable — unstable Gl 3.2704

3505

M3 100 | 0.2 | 0.015792 stable — unstable

M3 50
M3 20 1.2 | 0.014531 stable — stable
M3 10

Ms 100 |02 0.018352‘ stable — unstable

—9.165°7 + 55.82
39026504 — 02 3 7

Ga =

B 6.06075'2 — 65031
Ga = oooosierems T 6 6E00517 11

8.0404s°* + 25.9855°% + 135.29

0.9 | 0.020128 ‘ stable — unstable

M5 50
Ms 20
M5 10

Get = 33537500 — 1447259% & 50196597 1 61935
0.756525'% — 2.5724s°7 — 0.20904
Gt = 57 T o

ol (glacs s 2 4 5ad 9 sl 53 =) IS el (gl o St (glglole 5 Koo s 0 sl

RMSE RMSE RMSE

Model | Stus) | « | 440, | sops 20 ps

RMSE
10 ps

‘ FOTF

M1y, 20 1 |0.021826 | 0.017545 | 0.01722 | 0.016999

o 8.8724
‘51876 X 105 + 8.5464

M3, 20 1.2 | 0.016589 | 0.014398 | 0.014531 | 0.014164

- 6.06075'7 — 6.5031
<~ 0.000815765>* + 6,65095'2 + 1

M55, 50 0.9 | 0.024545 | 0.020128 | 0.019846 | 0.019720 Go

_ 0.75652s'® — 2.57245°% — 0.20904
0.000964315%7 + 0.661385® + 0.759175%° + 1

Journal of Control, Vol. 15, No. 1, Spring 2021

VFee Sl o) osled 10 dor oJ 28 dlons


http://dx.doi.org/10.52547/joc.15.1.79
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.8.3
https://joc-isice.ir/article-1-744-fa.html

[ Downloaded from joc-isice.ir on 2025-10-30 ]

[ DOR: 20.1001.1.20088345.1400.15.1.8.3 ]

[ DOI: 10.52547/joc.15.1.79]

Bgles SLlS 5 53 Lewdly 3508 O (S S L (55l ke

L S

e 2 RMSE (sl ~¢ « M3 Juts jlile 1y @ em  RMISE (sllast -b « M1 Jus jlila 613 @ em 3 RMSE (sllas - 11 Y s

Volt

Volt

Volt

Experimental signals for operating point +1

===1,, (10KAV)

—._ T 2l
Y \/ \

NS TN NN TN TN TN ereA)

IR
e

Time(ms)

+Y 8 i 1 Lla 1 el as gemee 1YY S

RMSE For train & test Data

b: for M3 c: for M5

0.1 0.1
0.05 / 0.05 /
_—_}1\&/5;;@095 L2 = e

) -

0
0.5 10005281 1.5 05 apha 1 1.5 05 aipha ! 1.5
d:Experimental and models outputs
T --Z

5

—Zp(exp.) filtered
— ZP (M1m)
—-Zp (M3m)
....zp (Mszn)

10 15

HYOF) s Slo y 41,18 abai (6l odd el Slgdie s 5 5 ot (29 5 aslin—d (M5 Jub jlile ¢l @

), abad (gl s Hle b calies (glajlimle | Lgs 0o aﬁ)awsw#@u:w,.@

Model | St(us) | « | RMSE Gor— Gy FOTF

M1 | 100 | 1.1 [0010820  stable — unstable G = gt e
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