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Abstract

Frequency stability prediction (FSP) of power systems is of great significance for quickly and ac-
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curately developing post fault control measures. However, traditional data-driven methods fail to
effectively incorporate the spatiotemporal features of the system into model training, and there
are problems such as insufficient utilization of system information, poor noise resistance, and poor
generalization ability in the face of new topologies. In response to the above issues, this article
proposes an FSP prediction method based on multi-head attention mechanism and Vision Trans-
former (ViT). Firstly, the proposed prediction method utilizes a position encoding layer to capture
the topological structure of the system and obtain spatial information. Secondly, by using mul-
ti-channel input layers to capture system time series data to obtain temporal information. Then, a
multi-head attention mechanism layer is used to enhance the generalization ability and robust-
ness of the ViT model, tested on the modified New England 39 bus system. The experimental re-
sults show that compared with traditional deep learning methods, the error value of the ViT model
proposed in this paper is generally reduced by 65.71%; Reduced by 61.55%, 56.61%, and 47.14%
in 30 dB, 20 dB, and 10 dB noise environments; The reduction of 49.09% in the topology changing
environment proves that the proposed model has higher prediction accuracy, better robustness,
and generalization ability.
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ML KRG R /R T R FS SO TE D 28 R AT I IR 26 AR [ 1] . 1T B L RETH FE KT I AN 3 T+
PSR o] AR BRI B IR, H ) RGP IS, BT TR B J k55 (2] . 7538 18 ™ S B,
ER TR IR RIS, IRt 2 iE 8 e Tl AR P il i i s me o DRIk, SR o 347 7R 2%
FSP 450y KAk .

FESE1Y) FSP J7ENT 23 A, RIS 07 BUR S0 807: . £E[3], TR MB A d-g 2% R )
B 2 58 DA TIN5 22 BEZR R X AT R AR e o FE[41, EESL T — ARG 1 T80 2% M o R ATU Al 22 fife e
() 7 AT R R SR TN B /MR o SCHR[B] ST 1 — MR A S5 U AL R A ST R e S o VR B 2R 95 S5
TR | SRR TR A AR SRR AR . SCHER[6] R A A T — AN dffdt AR MR S R A 3 Y R AR Y
AR MM B o O ISy O R ™8, RSP e, (E IS TR) S P vy o T A5 RSO i A ZEL A AR R DAAR
m VTHEERE, (RUE R TORERE, DR, X B A DA R T S (0 7E 2R A A E TEAR 7]

WCAEske, | B & 45 (wide area measurement systems, WAMS)F1AH &l £ 175 (phasor measurement
units, PMU) I 2 N, 3 TALER 2 2 FS KR RFZNL[8]. PR3 [9]. SCHFIn &AL[10]. BEHIALE
FREEMIZE L1 T FSPo SR, MEISIRIE T EAN R LLRIAT L ) RG I e AR R . BRIk, 22 ATT9I N
TIRESE S LIBRAMILES 22 ST HAE AR, B EA BRI A0 FSP [ ARZRPE @l E R I T sLl i tERE . KIERD
2. M 4% (Long Short-Term Memory, LSTM) [12]F15% Z2 10 12 M 24 [13] 55 77 v T 32 U (a5 B, B
kX £ (Convolutional Neural Network, CNN) [14]F1 B ## 22 /X 4% (Graph Convolutional Network, GCN) [15]% 7
RIS TG A EARE . SR, AN REFR B (85 BORHAT FSP JEAS 1. Bk, —SZRIMAHE
[16] [171H T & Hi sk e L L ), 45040, CNIN-GRU 1 GNN-LSTM 45, {Hix LAk BT 7778 0] JE, 51l
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FEVER S R SRR I (8] 5 2 [ RRAE AN T RE, BT 28 1 7 v R B K IR S A

R, ASCHH T —F3T VIT [18]/ FSP AL, AR M VIT BA 3 KR SR e R B RE 1. i
YR N Z . AL EHIGE. Transformer ufidas. L ERM AR VI EmRTR, UK FSP
et B . Rk, Brie VIT MIRERvE . iZ (e DSR2 Tt s . ST I VIT BT,
AR ETER T — MRS IRESE, RN T T A e fe e v . Ak, TEME S IREER R Gu4h
MRS UL (1 SEE6 AR B T 2 AR Y () AR B

2. &F Vision Transformer B935i 258 E 14 HELS

2.1, HARER

TR PE B 505 BRT 964 22 39 1 &R 48 EdhaT T, BidwlE 1 fos. RGNS 17 13 6K
AL, Hr 9 SEED R BN 3 SRS KB N TR TR FAE BRI IR N B ) R G fa e
PERIFEIR, ASON A IR SEA% 22 39 W AURGUIAT 7 — L . FARTAEEan R i 7 3 MERUA I,
BIZ5R0 XA BT 5 40, 41 A 42, Ky ) 584k 2. 29 A1 39 AHiE. tbAk, N TIRFARE Tkt &
G AR TR I REA R oy T AR BRIR AR R0 R B, RIS AU I K L LU SRR B IE
OB RSB AT I EE[19].

_@_30 _©_ 37
-
9 [ 25 26 -H— 28 J—l—L 29
% 4 38
R
o Rl
g L
©
24 |36
13
T° 12 |
1 —20 22
7
1 o | ]
8 31 32 34 33 35
' © * ©
Figure 1. The modified New England 39-bus system wiring diagram
E 1 ZUEMERIE= 39 TR Rk

SRR A A, RO AR AR SE BT, DR P R Y PR A A 3 N A 2 %
HE, AP T RGN AR UL R G5 W S S K AR O 1) AR SR AR S M B 1l
BuE, 73RI5INT 104 20 A1 30 dB HME LA s TR A 2) E 100% 54 K R SN Ditsh, Jf ik
BEREILWOIT LU AR SN AT, BAR AR 1o B3R 5 -0k 28 48 1 B 017 31 S 8 p I 3sk 075 B0 PSSTE
34 SEML, AR SCRFSB A AR I 1) BEE DN 0 FOT UG 10 ADAL), ilehit & 2R J5 60 AP AR I HATH, REURHE
N 100 Hz, [AIkE 2 AP/ R R 8 b RApe 5 £ [20]
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Table 1. Description of samples generation

=1L BEARERERL

FEAR S
G KT i 80%, 90%, 100%, 110%,120%
[{Cabsy 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42
Az % —40%, —38%, —36%, ..., 36%, 38%, 40%
BB 0%, 5%, 10%, ..., 30%, 35%, 40%
FEASL 23,985
I LR P RE AR AR R
BIhzn % —30%, —20%, —10%, ..., 10%, 20%, 30%
AL 18T 2% £ 30
FEA S 2730

2.2. MINFHEERE

FESEBRMN A, PMU. WAMS S35 2R 40 F ) R G 807 LR A (40 PSS/E. DIGSILENT) )
AR, I AR 2 o AR AL N REAE AT B 3R o TR AB R AR T A — AN S AL 1) 2 4 NI 5 R JEA T 55
Hd AT R B 2 2] O VE AR B NAREAIE 5 AT AR PR I S DG 2, T JER G AR U PR 0T T4 e A A F 11
HERPE 2 G B . A& AR IEE R B IR B S, ONRHIESE s, R GRS 1 e A5k
A, BRI RAIAERFE R . (H R, TUAR PRRAE 2 18 T T 46 50008 11 K EOHE P28 48 I 2 )1 i A o
I, AZ% T o RA MR K TR S I A T T M N RHIE I %

XTHARGHIRKE T, KEHIEET AN EE R & ZA A Z[21] . R EHLT R j ATk
Z AN )20 R R R

SP, =VV, (Bjk cosd;, — G, sin 5].k) 1)

Hordr VA 6 43 Ao U IR EE AR A 22, By Al Gy Ron A& bH T

M K BN SR A, & R

zw=%—a=ziﬁ- )
f, dt

Hordr Py AT P 43l 7 K AL D R AT B Ih . H R K NI 3. fy Bom RGEBITIE.

MR RGN RRETINEFES, V. 0. P fl P R IREHMYHEE, 225%E FIRIRR 53
Mik[21] [22], ASSCHEFESREL . 5 R FEAURN R 28 B AH S P B & 1 IR 18] 77 ZAE S TN 2R Py i N AE,  FLAK
HINFIE L 2 FroR:

Table 2. Input data of models
= 2. BUMO\NHHE

FP 5 o NRFAE
1 TG REHLIA DR
2 B G REHLI IR
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Continued
3 BRI Do) 2
4 BRI T D) T2
5 BN REZR 0 L R 1B
6 BN BEEH B R AH A
7 BRI D)3
8 SRR TC T D)3

3. &F Vision Transformer BISRZEFa E TN 75 3%

VAT 52— A e 245 = 2 1 0N QU8R 2 B0 B P R PR R S5 22 SI A A . "B 86 T Transformer 2444,
AR PERNZ . L ESAS)Z . Transformer Zifidds . 4RI REMEERLZ . FIREIREEBRR
N R HNE E RN, AP il — A TSR AF MR AN, P DA 4502 ot B 100000 1) 2%
GUMABNE . H T2 M T AR B N RHIE T AL LR BN PR R, BE T R RERIETE i
NI

VIT MEC TR GER I 2 ) 7R BA — 20t nd, HBxd Transformer 2 it #% T LA e Rt 3k 4 JR AL ﬁ
B 1R BE 2 2 (R R A . SOIE R 22 Sk i AL SE S s R A A A Bt R B S B, R —
RERE L AT DARRE LT I R, IR A A8 7 v SR RE AR A5 EANE B

3.1 FRBASHMERLE

SYYEIN SRR SRR x € R™C S A A iask x) e RV i g o e
AR BRI, AR T A S B A, e, p? REMRIOAWE, C IRE
KR BRI (H, W) IMRZRE SRR 5, T 3SR iR B, o B s 2

Wl T Transformer 3 RAKIEREAE, EREMRIMAFIIT TRV EGE. Kk, ViT
FEMRN AN T AL B, DMERRRER X A FA B R4HE, HAEF T

o pos
PE(p°&20"“”[166a§W?j
. pos
PE(p°&2'+1):C°5[16&&§WF)
o, PE (pos, 2i)1 PE (pos, 2i + )43 A3/ ALE pos AR ELE L (0 B nfi, | Rongmhid e
FE, d RHRAMYERE .
3.2. Transformer 4RA% 3%

EH A B g AL 23 A0 B S R BN o i b 28 2 AT A0 B . 10 Transformer gft a8 2& VIT B OCH4H A1,
HAEH—WE. ZREEIVEZF LM Z . 56T 2 :RkER IR, HuREh g
5B ARHIE ] () SR IAS B AE LA ()VE = B T A3 DA R 3R . 1% A Bl TR0 5 4 2 At PR b AN )
o> Z AN OCIE T, AT 4 R B Y R P REFIVZ AL RE T o 22 Skide WL sE S F

®)

Attention(Q, K,V )= softmax[QKT jv (4)
Jak
Hrr, i (Query)HiFE, K /&4 (Key)salE, V21t (Value)salE, doergirg. £ka7EEHmd
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ZHARK Q. K. VHHMTIHE, REKMENPHEE—E.

RG22 P 28 5 22 J2 AR 2 AR 4, W LB 22 i 22 Sk i o L) Ak B ) N 800 ok S5 )
o ER AL A, T A RS SRR MRAE R R, AT IR R fd ik PRIk, VI X AL
bR . RGO AT A, HE

FEN (x)=max (0, XW, +b, )W, +b, (5)

Horr, x RHIALE, Wiy by FTWoo by 70 5SS AR AR A i -
33 £RILRS2EEE

VIT P2 RIC RIS AL FiR R )G, MR iR B BORPRHIE A R AN AL B IR
— AN ERRHE AR, XA RRHEE R B TR 2228, BIABARES, & LT B

Global Pooling (x) =% e (6)

Horp, N RRHEMEE, x 25 M ERRHER .
FEIRZ )5, 2RIERE ML B EN DR EEER, T RE K EIES

4, FELE
4.1. BiEtRAEN

N T AR N ARRAE 248 5 R AN I S A AR (o, 38 ok 5 A v A R G B R AT AL . XA
B TAE SR AEA FIRHAE 2 [0 B A AP P4, Dk AN [R)RRAE FROBE Z (R FRI 52, AT 4 A 2 R DI SR R0 R
SR E . BEAk, FRUEA G BT 7 LEA B 2R B0 55 R B 2 ST B AL I 5 b 1) AL ] R

A g Z-Score VA—4k, WAFR AR HELL (Standardization) BEAT HE TRAL BE[23] . LN, LR RN L% T]
b2 RS AR H — A 1 - A REAE AT B AR F A a1z AR 7 & — i FH B 3800s 13— fe vk,
TR EAREACAIIER 0, brEZEN 1 BFRUEIES . XFIE— 7 iRm0 L 5 e, R5
B DABICHE RO bn v 22, s A0 Tl S 38— S B AT R A R B 57 7 22 () 0 AT B, DT A 45 580 1 20 A B I
PR T 57700 R BT «

X X-u ©)
O

standardized —
A, Xetandardized 7T 2RI ARAEAL ST HIBLHE 5, X 2 JRIGEUE &, w2 EIRIIME, o REBGENIPAEZ .
4.2. BT Vision Transformer BY35ZRa E FNHRIE

T Vision Transformer (1745128 f5 e TN Y 3= A0 R I SR EIR 48 . BRI SR ANTELR L 3 AN
, BARFRRED R
H—. ML PSSIE 34 H NPT H S 22 39 1 R R G
FP MNRGEAHATEL, B =AFRARII R BIA, YIRS, R EAERTIPLR
SHEAMKT I, BERANEIT TR
F=0P ATEUED R, IO SIREEE SI RAR R NRRE A U R £
FEVL: MERFATE ST, ERIET VIT SRR T Ay
WD AR WA SRR, PR AR RLORAE, FREATZ BN .
AR E 2 fios:
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| HiH R A K AL N s, ArEgm.
| H, BEBITHA : Transformergnf%
| ¢ | é’
| RERRGIIR ||| BELESHIM, AR RARE
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Figure 2. Flowchart of FSP based on VIT
E 2. &F VIT {22 B85 R EFUNRIZE

4.3. EERTN IR

R AR Y I PERE, AR SR 3485 B 4 i 22 (mean absolute percentage error, MAPE) 132
77 M5 2 (root-mean squared error, RMSE) SRR S48 8 g PERE[24], & X UnF:

By (f.1)= Z|f|f || ®
ERMSE(f'I):\/%i(f(Xi)_yi)z ©)

X m ZREAN, VRS x My 70 BONFEAS B SR S TNME .
PR R PR ] L2 YRR B A L2 VBRI R R, B/ 07 IR ZE(LSE), e K TIME 5 F0sK
(8 A ZAE P J7 MM, Ha k524 300 R B -

loss(x,y) =%z

i=1

y, — (% )| (10)

KA n BEEANEL, 1 RRTF T x My 73 AR B SAE 5 P 1% LS FR R IR HE R /N0 S22 A
BT P BB AT o
4.4. SERISTEIRIR

AR G ) R G TR IRE A D) T2 P05 Ja B AT A e S A — OB Y o R P ARAELA (extreme
value frequency, ). # K#HiZ A5 L% (maximum rate of change of frequency, RoCoF ™) Rl ez 4%

(quasi-steady state frequency, f*)f 2= kK fiiy & A% e 2 R A [22] [23] [24] [25]. TEHLBN G AR AR fE o,
B BRI F S8 foo) B RSN, — AT foo KRR RGIMIR, o XuR:

fcon = _n (Hifi)/Zn:Hi (11)

i=1
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Kt n FoR T RGP IR AR, H RS | AR LA R S, fAREE | AR L
SHFTLE RELR AT

(1) £ e, £ Ao R foo, BRI AR A AR R AR A, S pE DIMLER S A i A, DRI AR A T
BTG bR . SR Mg ading fmax g min g ma £ g 0 48 VE G Bt /N KR

(2) ROCOF™: ROCOF EAFHENJF foor ZEALHNE, RoOCOF™ & Wk 45 i 7] Py (111 500 ms) 7 ¥ 55k
AR LA . i G o AT AR A R AR B ROCOF™ [ 5 A2 FhL I 32 47 HLE

@)% =R AG P HIRAERE PR S IOFRE, R0 R E B e R AT EZ K,
7 FE HL PO AT R

5. EHISH
5.1. EHNESLHA

i ETF 4 Intel(R)Core(TM)i7-12700KF 3.61 GHz CPU. 32 GB RAM #1 NVIDIA GeForce RTX 3070
GPU. FrH M i HI2#5 48 Pytorch-v1.10.1 1 Scikit-earn-v1.0.2 F s3I B ¥k 125 PSS/E 34,

NI AT 3R TIE R . BRI RE R, ASCRE T S FE S ST IR 1) AR
FHAEOR, RB RO TR E B 2) HE T KRG IMAE SR RN, LA ATEE 7
PHBERE: 3) FIE T IR RGEIEZ B S, DA TR R B et . BTl A
SVM. GRU. LSTM. ResNet. CNN. GCN Al ViT, Fr A #A 54 AA R I ZREEREAS, i A AH [
REREARTAT IR . TEVIGRATLAAET, it B2 BRI 20 R F T4 28 IR 772 /0 L2 457 5% R HC0E 1
e, MR E S S HRAM Z RNGE R T RNRZE . SHRAZ G, VIT 5% R0 R e E
N%F 10 4> epoch ZEIREN K 1K) 90%. WO B HCAMLAL 2% 70 il 152 B A GELU F1 Adam. #J462% 1%, AUE
TEEE AN epoch 23 HI ¥ B 4 0.01. 0.0001. 200, ViT iliid Pytorch HEZESHL, HAbBEALEIT Scikit-learn
FESEI . VIT M BAARG W SENE: 3 FiR:

Table 3. The parameters of ViT structure
= 3. VIT &198%

FE S &}
1 HINYERE 32
2 PR 4
3 I 2 4 P 256
4 ER IR 8
5 IG5 o 20 D 2% 4 128
6 Dropout % 0.05

5.2. BIEBAMMLR

AT XS PERE TR PR I VELR LS, Pl 1 5% D00 1 2R A 3 A 1k I o A R, AR SR B
AT 3. EAERME, VIT BT EEh RRILE 1 5O Eee, %k L, H RMSE
{675 0.0296, MAPE {74 0.0289. IX4LiRZ 8 bR(E HT A 1l B i 2 i 1 e fIOKF, O VIT AR
FSP {55 LR ISR 7 A J15HF. ML, GCN BRI MERe N (5, R GCN el A %0t
RIAGHHAME B, HHRGEFR NN (85 BT R 22 2] . T CNN A1 ResNet 578 (4 % 5 A 2
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T VIiT il GCN, 7EBARMGRARE B rp b T Hpiife /KPR I AN SR AR T SE A TN v A 2, 32 DR X i
PR B T4 4 R RO BB B, AAMIX T B KRG R RREE, A RRECHHER RIS . T
LSTM. GRU il SVM BRI R I AN ELAR, (RN IX S 70 Jf R il & #0 #ME ., [RIETE FSP AR5 By
TTEREA R W N IWEARSKRE, VIT B0 1S 55 T3 22 Skyd ML R 42 = R AR B2 B E
Mo IR EERE RO VAR 78 23 12 4 00 4 AR TN AE 55 vh O IRE A REAE A 4 T B E S B N
HoAth 7%

RMSE
0.25 MAPE

0.20 ]
0.15 M
0.10 4

0. 05

0.00 m

SWM  GRU  LSTM ResNet ~ONN  GON Vi
FA Y

Figure 3. Basic experimental error chart

3. BIRBIMREXIEL

5.3. REHE T H RN EEMELR

AATRIR T SR B TR R AR R IR I, BARIBhREdE W 4. BIR RGNS, VIT BATE
30 dB. 20 dB F1 10 dB M A FRES R IR ) RMSE 43 %24 0.0311. 0.0495 11 0.0684. M 34z ay L
i, BEEME KRN, SRR 28 RO BT AT, EAFGEEELL TR, VIiT
BB TIOMAS BE G 200 T H AR . X — IR AT ARRRE g, 42 JRRFAE SR BN 22 Sy UL Be % A i i
JERLE R SACERBARIRHE, ATHe s TR &R 5 VIT 8L, GCN #ALRA T YIS R
gER, (HERGIN A R RHERR S 2 Syt & upLm], PR L 75 i I8 A8 7738 F ViT. CNN il ResNet #2574
[FIFE B A DRI AR, (AT Z 28T VIT BB 2 Sk oL, BRI e AT e 75 0 i e 0 AS B iy
Ho )i, LSTM. GRU il SVM B[ 1 GER I AN ERAR, 25 RITE T e A TR 2 45 W LA 3R
B R T RAE, RIS AT AT T 2 D8 e 25 SRR S e 75 5 . PR, X SRR B R ) 57 B S )
o, BEIRENA T EATITE R A AR R IR, Z5 BATIR, AR RHERREUN £ Sk E R IHLEITE VIT BAL R )
REF, AR Hoas 1A MR LR RE ), UHAR G T 2 ki m b, A B — DR,
8145 VIT B BULEAS [F] e 75 BR BT T R R DL AA A R AR e

5.4. EIMNFIBEU T ZRB BN

AR T B MR RGN R AR, SRR RE R L, BAREdE WA 5. ik &4t
M5, RN AR, R VIT BRI TERESZ 2] — % Mo, (AR EE BTSRRI AR X L
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IR ZeFR, H RMSE 4 0.0511, MAPE 4y 0.0584, X HAE MR b LB e fE . X R4 ) A
F VIT BRI B iS5 2 RERHZE . BTV VIT BAL FSP 4 2= sh AR Zd,
T SEILEE = (R . GCN AR AL B R BUH IME BB, (HlFAREINBERZ P, Hik
RN VIT #E8, fERNES MR IS DL, Bz B S IHUEIB) GCN TRiE AR B RA M, F
HEREE BT N . SULFEE, CNN Al ResNet #5574 () RMSE 4374 0.1162 F1 0.1418. {EEfF4EHVER K
JE, JX PR BT SR R R B A TE T O S AR NS A AR Ak, BRI AT 1 B R A X 2
M LSTM. GRU F1 SVM &8 WA AR R IR AME B, SECEA IR S5 MRS 00 B PR
RN BRE, B 5 MERER T VIT BERTEAEE R G a1 AR A AR 3 . AR A
R IWUEIFIAL B gD BT VIT 8 RE0E 5 4 Hh il B2 FSP IR 2SR AE, AT E #0440 1 0 R PRHFIR

NFEERITERE .
[ RMSE [ ] RMSE [ ] RMSE
0.25 [ MAPE [ MAPEp, 30 - 1 wAPE
_ 0.254 _ N
_ 0.25- |
0.20 = | T
[ 0.20 — M N
] — 0.20 1 ] —
0.15 mlEE = |
0.15 m
] 0.15 1 ]
0.10
0.10 1 o104
0.057 0.05 {—(W 0.05 4
0.00 = 0.00 0.00

T T T
SWM GRU LSTMResNet CNN GCN ViT SVM  GRU LSTMResNet CNN GCN ViT SVM  GRU LSTMResNet CNN GCN ViT
30dBME 5 fif 20dBRg 75 iy 30dBME: 5 Fif

Figure 4. Performance comparison of various models under different noises

B 4. FERETSREMEEXTEE

RMSE
MAPE

0.40;
0.35;
0.30; —
0.25;
0.20;
0.15;
0.10;

.

0. 00 . ; Al
SVM GRU  LSTM ResNet  CNN GON ViT

RG]
Figure 5. Comparison of performance among different models under topology changes
5. M E T ZRBUMEREXTLE
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M %
4 A2~A5 N PSSIE X1 K MBS S5, % A6~A8 A PSSIE H1y6 iRk AL 2l 2545 Y

Table Al. Parameters of WT3G2 module
= Al WT3G2 #EiRHIS %

#1 #2 #3 #4 #5 #6 #7
0.20 0.0 0.0 0.0 0.10 1.50 0.50
#8 #9 #10 #11 #12 #13
0.90 1.0 1.20 2.0 5.0 0.02

Table A2. Parameters of WT3T1 module
= A2 WT3TL HERIS 3

#1 #2 #3 #4 #5 #6 #7 #8

1.25 4.95 0.0 0.7e—02 21.98 0.0 1.8 15

Table A3. Parameters of WT3P1 module
= A3. WT3PL #BREIESH

#1 #2 #3 #4 #5 #6 #7 #8 #9

0.30 150.0 250 3.0 30.0 0.0 270 10.0 1.0

Table A4. Parameters of WT3E1 module
= A4 WT3IEL HREI S

#1 #2 #3 #4 #5 #6 #7 #8

0.15 18.0 5.0 0.0 0.05 3.0 0.60 1.12
#9 #10 #11 #12 #13 #14 #15 #16
0.10 0.296 —0.436 1.10 0.05 0.45 —0.45 5.0
#17 #18 #19 #20 #21 #22 #23 #24
0.05 0.90 1.20 40.0 —0.50 0.40 0.05 0.05
#25 #26 #27 #28 #29 #30 #31

1.0 0.69 0.78 0.98 1.12 0.74 1.20

Table A5. Parameters of REGCAU1 module
%2 A5. REGCAU1 ##REIS 3

#1 #2 #3 #4 #5 #6 #7
0.2e—01 10.0 0.90 0.50 1.22 1.20 0.80
#8 #9 #10 #11 #12 #13 #14
0.40 -1.30 0.2e-01 0.70 9999.0 —9999.0 1.0
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Table A6. Parameters of REECBU1 module
%= A6. REECBUL &%

#1 #2 #3 #4 #5 #6 #7 #8 #9
-99.0 99.0 0.0 —0.5e-01 0.5e-01 0.0 1.05 -1.05 0.0
#10 #11 #12 #13 #14 #15 #16 #17 #18
0.5e-01 0.436 —0.436 1.10 0.90 0.0 0.10 0.0 40.0
#19 #20 #21 #22 #23 #24 #25
0.2e-01 99.0 -99.0 1.0 0.0 1.82 0.2e-01

Table A7. Parameters of REPCAU1 module
% A7. REPCAUL iS5

#1 #2 #3 #4 #5 #6 #7 #8 #9
0.2e—01 18.0 50 0.0 0.75e—01 0.0 0.0 0.0 0.2e-01
#10 #11 #12 #13 #14 #15 #16 #17 #18
0.10 -0.10 0.0 0.0 0.436 —0.436 0.10 0.5e-01 0.25
#19 #20 #21 #22 #23 #24 #25 #26 #27
0.0 0.0 999.0 —999.0 999.0 —999.0 0.10 20.0 0.0
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