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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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Model | St(us) | @ | RMSE G — Gy FOTF
480,93
M1 100 1.2 | 0.01731 | stable — stable Gy T VT BT
M1 50 | 1.1 |0.01611 | stable — unstable G D200t
03587251 + 911.77
1.2342
M1 20 0.9 | 0.02495 | stable — unstable TSI SR
M1 10 1 | 0.0169 | stable — unstable o= 20352
27871 - 10-3s | 3.4834
232325 — 87.647
M3 100 1 |0.01905 | stable — unstable S R TTSaTs + 713015 82946
M3 50 | 1.2 | 0.01417 | stable - stable Gy = 000144654 0:16844
<~ 27709 x107s> 4 00015705512 + 0.1361
M3 20 | 1.2 |0.01505 | stable — stable Gy= 018597420547
<~ 3521410557 4 020285512 + 16123
M3 10 | 1.2 | 0.01463 | stable — unstable Gy = 0045825 ~4.5.3457
86798 10 <s7 7+ 00500225724+ 42704
2.2 1.1
M5 100 | 1.1 | 0.01766 | stable — unstable Ga= 127457 3 1L1785" 41
0.000491575%3 + 1.2486572 4 0903955 + 1
M5 50 ¢ 000383645 + 0.06683651 + 35.4545%6 — 15081
1 | 0.02055 | stable — unstable Gy = LoN12sH 1402851
0.0012948s% + 1517957 + 0.422625 4 1
M5 20 | 0.8 |0.01386 | stable — stable Gair _0:000107085°:0.22688+57.621
'~ 8114 x 10-7s** + 0.00082086s%6 + 0.339285%8 + 57.615
6= —0.012719s'? + 4.62525°° — 51.028
M5 10 <~ 0.000535915™% § 0.0019627512 } 4.24555°¢ — 49,401
0.8 | 0.03049 | stable — unstable G = LA232s =-063705~ 10214
! ~ 0.00474187% + 1.098351¢ o8
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|
RMSE | RMSE | RMSE | RMSE
| Model | St(ps) | « 100 ps 50 ps 20 ps 10 s FOTF
92354
| Mls | 50 | 11001722 | 0.01611 | 001661 | 0.01622 [ .
0.0014465'% + 0.16844
, M3s, 50 1.2 | 0.01529 | 0.01417 | 0.01461 | 0.01428 R TS e P T T EE PRI
~0.000107085™° +0.22885°° + 57.621
L M52 | 20 - 0.8 |:0.01416 | 001367 | 001386 | 0.01367 | e ~ 8114 X 10752 + 00008208656 + 0.339285°% + 57.615.

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

VFee Sl o) osled 10 dor oJ 28 dlos



AV B3les Sl 5 53 LoDy (83 308 Oe (6 S 80 il

e Y

Slp bl ml o J3 ) ek sl ol B alie Dl ol OT sladde ol 5+ LI dais slulis -z

awlin 5 ap @ OBl pomes 5 Vo Fdole 5 LS i ol 2, =+1£0.1 A I R PR RE O

o 0355T VY S 3 ol Ol ladibe r s 5 5 Bly s & S DLV s gazn ol ST S planil Cilits DL YO Sl
o ooled) Oli s F eslimal Slulid gl sy b W55 Ll

55 ks OBl i jseT I Ol gt 4 a5 Cond Sl Ol gim (YOF

o3l OLas +Y LI abi (gl plolis Glaesls JolS 4 paze \\J&fu

Experimental signals for operating point -1 ——-|_(10kANV)
4 - ol ~ -, -
NN \_,’"‘ / NI }~ —1,, @76AN)
= ‘, X
20
> P (L] \Hn 'l
2 LN e
Q 20 40 60
09 i i B H H
= H i
CRIERRF
> i il A
11 ! il gl Afl Hdrh 1t
0 20 140
l 1 } i) ~ "
{ e
2 ol | |
> [ it [ i |
-1 1 |-l
0 20 80 100 120 140

Time(ms)
Y ki (7 Lgls 1 alS as seaze 18 IS

RMSE For train & test data

01 a:for M1 = RMSE train b: For M3 c: For M5
: —RMSE test |01 g
w Jp——
2005 .
z \ /_
o Jl2Pha
1. 5 15

5
d: Experlmental and models outputs
1 1 1

|
1 1 1
1 1 1
0.05 1 | 1 T
1 1 !
= 1 1 i f!
So . i - 1
1 1 g !
[ | | : =2, o filtered
0.05 ) 1 - 2,1,
| | 1 —-2; (M3,)
041 R | Ly by ez
2 4 6 10 12 14 16
Time (m5

= s RMSE (slos-—¢ <M 3 Jue jlislw 6l @ o s RMSE (sl -b c M1 Jubs jbsle 6l p @ - RMSE (slos -a :\*Jg.i:
HYN) s Sld - \Jlfdwks\jawub;a\dw-h@}f}wf}fww -d M5 d.\;)bbd‘ja
=Y L8 b gl sl b cCalizee (gl bl ,lﬁJbﬁd‘,‘})g%éQJm@t}:V‘J;J@

Model | St(ps) | « RMSE Gy— Gy FOTF
M1 | 100 | 1 |0.020725 stable — unstable G PO
SavERezs T 7.7
M1 50 | 0.9 |0.021033 stable — stable Gu " I
M1 | 20 | 1| 001722 | stable — unstable Ga= H7es

51876 x 103 5 + 8.5464
3.2704

M1 10 0.9 | 0.020169 stable — unstable Ga

M3 100 | 0.2 | 0.015792 stable — unstable
M3 | s0
M3 | 20 |12]0014531 stable — stable TR i

M3 10

8.0404s°* + 25.9855°% + 135.29

2.29325°6 — 14.4725%4 4 50.1965%% + 64.935
0.756525'® — 2.5724s°7 — 0.20904

Ga =

0.2 | 0.018352 ‘ stable — unstable

0.9 | 0.020128 ‘ stable — unstable

M5 50 Bsi® 55
Ms 20
M5 10

ol (glacs s 4 5ad  ajltlr 53 =) IS el (gl o St (glglle 5 Koo s 0 sl

RMSE RMSE RMSE RMSE
Model | St(ps) | « 100 ps 50 ps 20 s 10 s FOTF

M1y | 20 | 1 0021826 | 0.017545 | 0.01722 | 0.016999 Ga=

8.8724

51876 X 1035 + 8.5464
6.06075'% — 6.5031

P S —ot el S 3o
<~ 0.000815765>* + 6,65095'2 + 1
0.756525'® — 2.57245%7 — 0.20904

0.000964315%7 + 0.661385% + 0.75917s%7 +1

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

M55, 50 0.9 | 0.024545 | 0.020128 | 0.019846 | 0.019720 Gy =
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RMSE For train & test Data
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Model | St(us) | « | RMSE G~ Gy FOTF

M1 | 100 | 1.1 [0010820  stable — unstable L S—

M1 | 50 |110009406 | stable — stable b= mmm;:%

M1 20 1 0.009791 stable — unstable Ga= z 02“5771':(1353 o

M1 1 1 | 0.009280 | stable - unstable Ga =g 0460:::?69 873

M3 | 100 0010182 |  stable — stable | |

M3 o0 0.3 | 0.012823 stable — unstable

M3 20 1.1 | 0.009297 stable — unstable

3.3196s" + 1.4922

M3 10 | 1.1 |0.009096 |  stable — stable Gt = SooTE T e 50

M5 100 | 1.1 | 0.010845 stable — unstable

M5 50 | 0.8 |0.009403 | stable —unstable

M5 20 | 08 | 0.008675 stable —nstable . —00193675™* + 51,6257 + 13887

4.745 x 1075524 + 0.115255%6 + 47.2125%8 + 1495.4
M5 | 10 |08 0008739 | Stable—unstable
Calies (glacgls 4303 5 Loyl jo+) L abail (g ols Sl sl 3 Shes o] Vsl
Siodd |5 RMSE | RMSE | RMSE | RMSE FOTF
tms) | « | joops | sops 20 ps 10 ps

M1, | 10 | 1 | 001033 | 0.009604 | 0.009654 | 0.009280 T AT, a—
M3, | 10 |11 0.00966 | 0.00899 | 0.009426 | 0.009096 PO £ L —
MSz | 20 |08 0009405 | 0.00832 | 0.008675 | 0.008395 | G, = 7re—cooiooors ISLOZTAIINT
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a: Experimental & simulation outputs for WP:-1 in shot#238
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0 <7 0.35872s + 911.77 Got = G521 7 10000512 — 1975 — 3.2833 X 10°
8.8724 1710.3s + 1.7103 x 107
M150 1]Pa 1 DO1322. | £ 5.1876 x 10~3s + 8.5464 Gel = 597 7 9622.05 — 6.2843 X 10°
M1,, 11p 1 | 0009280 74.781 16255 + 1.625 x 107
H G =— _
* +1 <~ 0.046018s + 69.873 Gl = 557 936025 — 1.0664 x 10°

€simulation

Usimulation

6%x10"% s+1
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-,] Z |
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Experimental & fractional order & physical model outputs (shot #88)
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a: Experimental & fractional order & physical model outputs
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