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Abstract

To address the issues of non-unified communication protocols, insufficient real-time performance,
and heavy reliance on foreign systems in the EAST central control system, this paper designs and
implements a HarmonyOS-based EAST central control system. The system architecture and commu-
nication framework are upgraded and optimized through containerized deployment of EPICS I0Cs
and the introduction of a bidirectional WebSocket communication mechanism. To further enhance
system intelligence, an improved N-BEATSx forecasting algorithm is proposed. The model incorpo-
rates a Multi-Scale Residual Reinforcement (MSRR) module and a Channel-Temporal Attention Mod-
ule (CBAM-1D), while ModernTCN is employed to optimize the basis functions, thereby strengthen-
ing feature representation and temporal modeling capabilities. Experimental results demonstrate
that the improved model outperforms conventional forecasting methods and baseline models across
multiple evaluation metrics. The findings indicate that the proposed system not only achieves domes-
tic substitution and real-time performance optimization of the EAST central control system but also
provides a feasible pathway toward autonomous controllability and intelligent development of fu-
sion device control systems.
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1. 518

EAST (Experimental Advanced Super-conductive Tokamak) [1] [2]72& H FE Rl 5 46 55 1AV B 78 B
T A A A FIERETIE R S w” MARZRABLIIEE . EAST ot RAM EED)
Aee Sl EAST RG], Wi, 2SR DRSS RE . £, MH%RS, &
FEHl W RGRA S — A BOR RE R O, SEIEAS T RS TAE3].

HAT, EAST fhroedsihil 24000 H - rl AL A 25T LabVIEW FFK, FFi2477E Windows Al Linux
B SMEAE RFIAET . RN, ZBEMAFEL TAL: (1) TRAKERBUA 8, SBEEELHNE
FPER NN (2) 4 LK 7 AT MySQL SEHURE E i, S FIFRE M Bl (B) RATEEAA
MR AN RRE A2, FEE AR B AT T 5 RAEAE 2 4R i,

EPICS (Experimental Physics and Industrial Control System) [4]2— K I 1) 43 A 20 S I i 4 A HE 4
JCHAE R RATREDE SO KR AR B R 2 B, R A B T A T B 3 8ik. Leone
2 N[5)5H%T ITER I #2#5:/E(Remote Handling, RH) R4 & 17 3T EPICS (MR B 61T R4, LT
s = 5 RH W& 2 MBI F . He 558 A [6]41 % 4% In) 37 IS &6 B FE A R O 1 R 5, 2t
T PR T S e R ) EPICS 2 2 BB R 4

AR, REEEEMRE AL AR, BSE0rm 2 eSS H G — RIBUE, SR RKS
BUHT[7]. FMIBTE P T8 KRG A SN2 B K BFF RIS AESS, BEORIE T OCREOR B E v, XATb
PEARAS B EE I UK. 2025 4F 5 H, W ki8R LSS 5.0 #/E RGN PC ik & IE:UR AR, NRHIFSL
6% B B = AR S PR A TR IE R PSR ERE RSt (HarmonyOS) BA 70 A1 A . — IRIT R 2 bl
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F A SRR S, O EAST rp S fZ il 5 Gt i B i o] AL A0 S T AN SN A BRI 1 R SCHEIA SR

e R KRG KIET IR T, KESLR 51847 88 1 52w o0 47 5 & 55 x5 & 2 4847 FR
SV EAEERZ X B B3 P8RRI 22 70 850 3~ 1) B (Rl A2 56 28 B [a] /3 471 0 77 72 A
EETHIREM IR, X JEZMER BN A BRI E[8]. Ik, B THE BRI E- IR B 5 ) iR
TR, PR X 48 128 T R T U 1) 23 792, BRI 4 (CNN) KB HAEAZ(LSTM) M 4% LA K i
B AN 2 B T2 44 ) 7 29 [9] . Vijayalakshmi 25 A 101314 454 CNN Al LSTM $2HUAZ 8
TR I S RHE, R R AU — 20 R S AE T A . Salinas 58 A [11]92 H—F % T~ LSTM
(IGIRHZE Y 25 (DeepAR),  Forf DLEIS Il ZR 2 AN F 51, FF BRAE A S AN 5] 51 2 18] () 2 2 AR OG 2R
Luo %5 A\[12]% Transformer (4244 J5 & H 1t 17 AL BB (ModernTCN), 38k K A5 R FIZ £
LAY RIEZ Y, WG 154G TCON XTI ) d A pe

JOE BIRTPVEAE TR B E I T R, (R AE R AR A PR AR SR I8 R R AR 1) R, XX
— )@, Oreshkin 5 A[13]4& H 1 38 T 20 0 4 L JEC A F2 40 A (1) P A8 B4 NF 1] /5 471 Tl A5 284 (neurral basis
expansion analysis for interpretable time series forecasting, N-BEATS), J-7F J& £:4% H 3k K] N-BEATSx [14]
B, FVE 51 NAMERRRAE DAE— 254 - F0 kS 2 592 Ak e

T ERHFAE 5, RSO IFSEI T M EE T SR EAST HhRiEHI RS ZRSELH Bkt
TUANOE Sl (1) BEFAIERD: SRRSO B S T REUIRAS LR T, SR E SMEE RRM
Wi (2) AZHMUEIAL: 5]\ EPICS 10C A&HE, S CA MUEIHX T REH PV &
&, JFid WebSocket 5 EAT SN XU R AE, R THEIEAS A SERPE S AT R (3) RReaEih
J&: 5l NI N-BEATSX I [8] 7 #1452 850k S A0 H0Hs 1 AT # 3 Tt , SEBF o s R G ) B e Ao g
KRB FEACN EAST ez il RG2S AR AL 1 R, oA RRRRIR} 22 B 1 = 4k,
BAR. SEmff] 58 et kRt 7 2%

2. EE)FF5IF
2.1, IRBGH R H it
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Figure 1. Architecture of the improved N-BEATS model
[ 1. 2R N-BEATS 1R AL
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JRAAEA tH 2 2k (Stack) F B, H. Stack P 22 )2 He(Block) K R, 6F— = 3538 i 5k 22 5 ) BIL I A
PRAL TR FE o FEAZ O BRI R FH 107 17 F0 (Forecast) 5 5% 72 [91 3 (backcast) I A8 B & 1, (K45 A R 2R 1)
Stack SIS [8] 77 51 B 43 (19328 )2 70 i«

EAST ¥ SEEQHE £ I PR AE B 230 1 50 2 RBEVEREE PR, AU R AR R 2 1) 4 e 45 1)
e LUK P A R A AT 70 40 S e B B T R an S A ) Jd FHAC ., BPSRFH Identity F1 Exogenous 2
A Stack, F5I N2 TR 2GSRI LLBE T 6 AN [F) B 1) RS Sh A& AL AR B8 7, 455 & T T -1 () B0
B IHUESRAG SRR AR 48, (] IS 75 25 R B0 23 SR AL S5 11 36 RR 435 A DA i ) 1 A AR B R A e )
B ZE R ] 1 R .

2.1.1. ZREFREERIF

DNHREFHASE BT AS [F] B 1) RBE B AR A RE 71, AR SCHIN T —Fh 22 RBE 5% 22 3 s AL (Multi-Scale
Residual Refinement, MSRR) & i 7 4415 74 Block A1 4322, 4 BRI [RII ) RO (. PR AT
WM ZEE R, HemwnE 2 fros.

)]
Convid

(kernel=10)

 ~ . ) 5
] Convid L, . Multi-Head
(kernel=30) Attention

Convid S

| (kernel=60) .

Figure 2. Architecture of the MSRR model
E 2. ZREZRELBIERGE
ot TR FF ]y AT % REESR, PRI LA SR BERGE, 3ei={s,m,1} :
f, = AvgPool (Convad, (23 )) e R i = {s,m, 1} )

TERFIERL G BB, @R 51N 2 SkiE R ApL sl 7 2 RBERHIE I HIE N INEL . 25 8 2 RIZEFHEE S
F={f.f,.f}, @I HAER(Query). 5 (Key)FHHE(Value) X KR, LB ES I :

Attention(Q, K,V):softmax(QKTJ )

Ja

Hrpd, 54> head ) key 4E/%; Q. K, V 27l i NRFEE S e VE AR WA . 2 ShHL Fo v 2 NE
BIIIAT A, RS SRR 2 1] A A 7)1 25 8] -

head, = Attention (QW,%,KW,*,yW" ) ©)
MHA (F) = Concat (head, -+ head, )W ° 4)
R G REUE R A IR S RHE z , JFPHEIRZ M AN E R BB R S -
z = Aggregate(MHA (F)) e R* (5)
MSRR,, = Concat(y?%%, X, , 1,2 (6)
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T 18 2 R AR 2 I 2% FCNN $2BURHE %R «
h,, =FCNN,, (MSRRS,b) @)

2.1.2. B - HENEEIRE

JE AR PRy fi 2 FHUI i R P FITAT Stack i H 445 SR 1 T7 5 B0, A TR B 8] 2 81 B 23 PR S ik FEE AR TR)
PA7S 70 R R OGBEAE B o BRI, AR SCTEREAS Stack TR0 H B BE 51 N —4E 5 A B ) B (CBAM-1D),
7E Stack i i 5 4 J&) BN (A1 EAT B A5 AL .

BT Sy b iz N 2 R R E B ) A5 (Convolutional Block Attention Module, CBAM) [15]
et AR, X BT 4 G S 45 0E, SR T Mg Gl iE A R ), HIE A T 4R
FPA1 1) CBAM-1D g, JLEEH A 3 ik

Channel
Attention

Temporal
Attention

forecast

Figure 3. Architecture of the CBAM-1D
[ 3. CBAM-1D &R

(1) EER
SR FIIS TR P FIRAE F e RS, (R IRI4ERE C @i Pt b RS KAk, 73 B AN @ IE Rk
Frag M e s B Fagr Fag € RYY o ARG IL M MLP #5838 18 2 0 ALE -
M, (F) =0 (W8 (WyF, g +WoF, st )) @)

0" i,avg 0" i,max

fEm

Hri 5 9 ReLU MO% B ¥, o 49 Sigmoid B4t W, eRY™C, W, e R&O",
SETE TR (R 27 A
F'=F ®Mc(F) ©)
(2) WA
W T3 BIOREAT Fre RO, fE 3B 4 L B3k P b F i KIS, 881 Rl FIR . B

Fi,,avg ' Fi,’avg € RIXL 4 ){%W%%ﬁ?ﬁﬁ?@)\géﬁﬁiﬂ F ]
Mt(Fi'):G(flxk ([Firavg;':i,,max])) (10)
Hop f ¥ FoR BB K R AR, RN R . BRI H:
F'=F/ ®M,(F) (11)

2.13. ERHMKL

JRUGAET BT FCNN HRER KRS AE 75 48 1 5 o6 $ (Basis Function) i 5t A= e T - 38 P fic & Hh b 7
BN AR B (1 R B RAE TCN. 9 T HR4K TCN AZ1E A AU B A IR BRI REAS 2 1) 1, ARSI
T ModernTCN & #5: T TCN (5 M gnfidas, Hild KEBZ. B DGR LESHIEMRAER, &
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FY R TAREZE, GEUs P BRI M BB R, RTINS RN E B AR AE /T -
PR Ze 7 FCNN SEHURFIER S hy ) 0 A 38 G 20 1 R S 15 21 2 K )

0% = LINEAR™ (h,, ) (12)
0} = LINEAR™* (h,, ) (13)

S0 1w e A R RS I 2 B ) B B AT Y S
9back _ V back gback , S\/Sfobr — Vs‘fgr Hsf,(t:r (14)

sb T Ysb s,b

X Identity FSAUAEERRELVEY =1, 0 VY = o LATH 23R A0 & AR/ X T
Exogenous 287 [ 32 B HCR | ModernTCN /E R B AR gm s 2% :

V,, = ModernTCN(X) (15)
AN Stack CHT— ™ Stack [15% 2 backcast 1E NHiA :
Yora =Yer Vo5 (16)

HA Stack 71T Block ] forecast % th FANF LTI, T Stack Tt 2R 04 pRAR 7Y
B 2 T A 1 -

S B
§r =229 (17)
s=1 b=1
2.2, SCIE
2.2.1. BUESE

EAST R E 27 RGN, BAEGHEEER, BITLEhy kNS EEERE R, AR
GG PR S BRI, ASCR BT TG 3R AR T AR T R G AR UE TN T VA T AT 1 . WA T R G0
RALI KR M T RS, KPR SR — BRI, K m] 6E 3 B0 A 2R G0 s < 5 7™ S 458
T 3 R H R 28 B R A 2 4 KU

SR HE RV T 2025 4F 6 JT R SR IR s, JLA0EE 10 AMRRIE, SREEMRIE DY 1 AP, 3 56,450 4
KAE o 5 R8BS T A B 755K, el e 180 /NRAE RIBEAE N RAESE, FRBUIRIE N IZREE.

FERE RIS AT SRR, RSOl BGR Ii RUIAL 51 4R A T IE A i E(HTS_TFP_O)fF A il fa bR .
AR A W 3 T AR E T PR S B PR R A AR R KT TR . D 1 E— SR T BRI, ASCR AT e K A5
S ARBOTERT SR HR AT AR SR 7 M, W E (38 R A H 7 32 X P38 A2 A R i i 2 (K AN A A AR
e HAE AR RN . MIC FERE WA 4 Fis .

22.2. LT

AR L N 5286 244 R P : KA Python 3.6 1 Pytorch HE42SZH), IIZR3F15 6145 CUDA 11.7.0 il
NVIDIA RTX 4090 &R, B SLIRIEM RIBEAE S A 264 R e, DAORIESS SR 0 n] 5 AN AP

NI EIGESRUESE, KHAWEE DR MAE DK 300 42, Fg A
60 . WZRFEALL 60 WP KIFANAERL, 5 =28 MEERE NI, LR E NS, Eilgad
e, RACER A Adam, WIU65 ) 2808 0.001, FHEAELRIE R ZE A T BRI il 2% 5] 238 I (I 0.5,
R RFE 3 1K), B RMNZREAIRECH 2000, H5 5B BCA 10, Bk ila, HARRECRA MAE 1T
BT
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MIC Heatmap for EAST Dataset
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Figure 4. MIC matrix of the dataset
E 4. BURERIRAMEXRBIER

2.2.3. WhigR
NT BRI S, ARSCRH T P40 % 2 (MAE) . 375 iR 2 (RMSE) FIHL& R E(RH) 1E
BB FRRR, TR AR LR

MAE =1i|ti ~] (18)
nia

RMSE = /%Zh -tf (19)
i=1

2
R?=1-2 (20)
2

2.2.4. R

RIE B R S (1) et 7 1 e 68 A6 R THASEARY 10 FROIIDRS B2, % P B2 Hh ¥ g AR 5 LSTML TCN DeepAR.
N-BEATSX J7 kAT 0 LL 9, FR0MI (1) S e AN AR a0 ] 5 A 1 B A8 4810 LSTM M1 TCN #EAY7E
TR AL 1 5 K KA T T e J1 B BR, TIUIRS FE ARG A% DeepAR £ 2 [7 A A5 75 TH A — w34, (=
TEH— T RE B TRIAE S5 TR R I, ML R, N-BEATSx AEALZEFRMIFS B _EALT Eik 5k, miA e
HH I OB R B AE & R ZE R PR (MAE . RMSE) B3t — PR, RN G R4 R? B35, R HAEHM
HE EAST BRI B 5h A5 240 75 T B A SE sk e 15 6E 1
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Model Predictions vs True Values
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Figure 5. Prediction results of the comparative experiment
B 5. 3L SRIEFMEE R

Table 1. Evaluation metrics of the comparative experiment prediction results

= 1. WK TUNLE RN IEIR

it MAE RMSE R2
LSTM 0.12190 0.16931 0.90616
TCN 0.11318 0.16050 0.91568
DeepAR 0.10111 0.14339 0.93270
N-BEATSx 0.09507 0.11714 0.95509
ours 0.06995 0.09257 0.97195

3. RIS
3.1 B3N

EAST b ezl RGE A% O HARAE T SCBlSE RO R A P B S92 52 W7 RGEH P ) A
FE, DL SCHE RIS MU I S R S A% . ST ELE REAFAERIAN L, ASCHE T E 8 S R gt et
FFSEI T —MERANE. BRIEE 58 M T — R a0 b iz il R G R, HE &l 6 Frr .

3.2. AL R it

FET SR AR AN SRS S AR A A, A SCSE B T SR SR SR R RRAG S E i S Se B, $R
WHE AN EAND, SEPLISHE SR TRERSER. Frelhis. MAhOoEEE, f
ROCHE T SR AT AR 2 SR TR

RGN S BT A MW AR AR AT MBI, SRR € R ek EE RE AR
KA SR, AORIEAE B SCUS A8 T A5 B AT B AR R e e o [, JE B AT 5 515 B0 X 2o,
B 7RSS EERIE RO T = T RERRCR SRR, RGE T 7 Fron, &
R T AR T ISR OE R, AT I G A bR S RS A S R A o RIS
RGUETE R T8 = 51T 5 I SO MR B 2 ST, P REAAR T 2R 4 (0 SR B BE AT SR 0 M AT SN
M SEBLE REAL T, nls] 8 Fira.
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Figure 6. Architecture of the central control system
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Figure 7. Main interface of the central control system
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Figure 8. Interface of the intelligent monitoring system
8. HRElRIEAE

3.3. BUBEZEMH

B Ar HARYUR EAST A dedis i) R G0 SO iy S 14 5 i T S M IR OGB4 B s L 32 BT 45 A S
B B SR B A S A F P AR IR A AR T . S B e . AR SCHE T EPICS MESE, ISR AR N
H 2 25 (Input Output Controller, IOC) X SE AN [FEAS P ) A& AT — B, W &R it 72
A5 & (Process Variable, PV). ZR4i45 A WebSocket F7 AN i 48— (1 E0HE A2 AL, SEILECHE 1) SR 1T 3
LS WAES . REHNNE, RuRS VAN 88 1T T Tl R % P i s, IR
PER PSRBT Bl AR B, SN 2SR 55 2 16 (0 508 B . 5 5 N R Sl I AR IR S AL e, T
B 58 AR S0 RS RS HEID T, BeAh, il B SEIR AR MAA i SIB W Rk, RATEFHIRES
NIRIN G E RN, X OSBRI AT A &0, R E R E T . RGuB LR s
Wity ma A R B DA A R R S T e NG, A R ILAE IR R U 1) S O AR R
AR BESE PRRE R AP SE M S s AT AR e 1

3.4. RGN
3.4.1 hRESEREAIR

Table 2. System communication latency test
= 2. REBEERMN

BiE FERT R 45 5
1T 1) 18.34 ms R
S 56.57 ms R

Lhhg SPERENNA/EFEE Harmony0S 5.1.0 #4F R ZE N EE = HMO40 LA UK E3EAT, AN
SRR N AR AU, DA B e RS PT A EE TR b, ThREM A RR Y], # IRt L g
gt B ER R E AT, M SN IR, S HRIEW, ORI W e R IR . it
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—BIH REMEHEEMERE, X RGN 167 NIRRT 7T S ERTRAE, JER
AR AR AT e v 20 b, FA 100 DRIP4 45 SR e 2 Fros (FE Geit MG 5 K0k LR IHAE
SR B BRI ) S B R)) o KA SR AT R, AR GE RENS AR 22 D I () RURE P9 58 IREUE I T 1 5
EHERAE, WAL EAST rp il RGU0 SE 1 5 AT SR AR AR

3.4.2. RAMMR

LT T LT TETY T DTy

Figure 9. Software compatibility testing on different devices

B 9. AR & LR HRE NN

Table 3. System test environment
= 3. RGMHINE

BITFE ARG A M2 R
7 HM940 HarmonyOS 5.1.0 R 4F
MatePad pro 2025 HarmonyOS 5.0.1 R4F
28 2inl HarmonyOS 5.0.5 R
L) 2% tablet HarmonyOS 5.0.4 B i

NISTERGHIERCAE ST, RGP “— 0Tk, ZimitE” Wit Hir. 3T AN,
B0 RGAEA AR G A HarmonyOS A N AT 1 DL AT 1 st llak, sl 9 pros. Ml i &
TR DIRE TN . A RGGRAENE U 7 FH i Bon RURAETT M . FARIINKIAS K48 Rtk 3 pir
e MIRERIGIE T ARG L T G HE 5 T 10 R ARA RS k.

E&WH

EIBLE AT E SR A A O BERATE AR (A BE RS20 =) H (B H 5. 24KZS304, 25KZS203).
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