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ABSTRACT

Fast recognition of power system transient instability is one of the
important solutions to prevent power grid collapse. Traditional analysis
methods are slow in making control decisions, and simulation methods
require much time and are not feasible, neural networks overcome this
drawback because they calculate quickly and accurately. This paper
introduces the application of BILSTM-FC (Bidirectional Long Short-Term
Memory - Fully Connected) deep neural network architecture to identify
the transient stability of power systems, and it applies a confusion matrix
to test the recognition accuracy of each layer. Simulations to determine
stable or unstable power systems are performed on IEEE 39bus power
systems with the help of PowerWorld software to create a network training
database. The test results comparing the performance between BiLSTM-
FC and BIiLSTM architectures show that BiLSTM-FC architecture
achieves better performance than BiLSTM architecture. The BiLSTM-FC
has a validation accuracy as high as 99.5%. Compared with BiLSTM,
BiLSTM-FC has 2.77% higher validation accuracy.
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TOM TAT

Nhan dang nhanh mat 6n dinh qua do hé thong dién 1a mot trong nhiing
giai phap quan trong glup ngan chan tinh trang tan ra ludi dién. Phucmg
phap phén tich truyen thong t6n nhidu thoi gian giai giy cham tre trong
viée ra quyét dinh diéu khién, phuwong phap mé phong thi doi hoi rat nhiéu
thoi gian va khong kha thi, mang neural khic phuc dwoc nhuge diém nay
nho tinh todn nhanh chéng va chinh xac. Bai bdo nay gidi thi€u ap dung
kién tric mang neural sdu BiLSTM-FC (Bidirectional Long Short-Term
Memory - Fully Connected) dé nhan dang 6n dinh qua d¢ hé thong dién va
ap dung ma tran nhim 1an vao kiém tra két qua do chinh nhan dang cua
tung 16p riéng. M6 phong dé xac dinh hé théng dién 6n dinh hodc khong
on dinh dugc thyc thi trén hé thdng dién IEEE 39bus véi sy trg gitp cua
phan mém PowerWorld dé tao co so dit liéu huén luyén mang. Két qua
kiém tra so sanh hiéu suit giira kién trac BILSTM-FC va BILSTM cho thiy
kién trac BILSTM-FC dat hiéu suét t5t hon kién trac BiLSTM. BiLSTM-
FC cho d6 chinh xac cao dén 99,5%. So v6i BiLSTM, BiLSTM-FC ¢6 do
chinh xac kiém tra cao hon 2,77%.
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1. Gioi thigu

Trong cac hé thong dién (HTD) hién dai, viéc sir dung thiét bi dién tir cong sut ngay cang tang va
su tac dong cua cac ngudn ning lugng tai tao da lam tang dang ké do phirc tap van hanh va diéu khién
HTD [1], [2]. Trong khi d6, nhu cau phu tai ngdy cang tang cao, HTD phai lam viéc ¢ muc day tai, dua
HTD van hanh ngay cang tién gan dén ranh gi6i an toan va 6n dinh [3]. Trong van hanh, cac kich dong
16m dién ra dot ngot s& tao ra sy chénh 1éch cong suét phat-tai va dién ap tai cac bus, pha v trang thai
cin bang mémen cla cac may phét dién dong bo dan dén 1éch 16n goc rotor, qua trinh quéa do xay ra va
HTP 6n dinh phu thudc kha ning duy tri dong bd va can bang moémen cua cac may dién dong bo [4].

Dé danh gia 6n dinh qua do (Transient Stability Assessment-TSA), phuong phap moé phong mién
thoi gian chinh xac va pho bién nhat nhung doi hoi giai mot tap 16n phuong trinh vi phan. Dbi véi mo
hinh c6 kich thudc I6n va tham s nhiéu, viéc mé phong timg bude mat nhidu thoi gian nén khé dua ra du
doan tryc tuyén nhanh chéng [5]. Phuong phap truc tiép thudn loi cho viéc phan tich su ¢ va xac dinh
duoc bién giéi han 6n dinh qua do (Transient Stability-TS). Tuy nhién, phuong phap nay dva vao cong
thirc todn hoc giai hé phuong trinh vi phan phi tuyen nén trd nén kho khan trong cac hé thong lon [6].
Phuong phap ham nang lugng qua d¢ va tiéu chuén dién tich bang nhau mé rong c6 mot sd han ché vé mo
hinh va ching yéu cau nhiéu phép tinh dé tinh chi s4 TS [7]. Do cac phuong phap TSA truyén thong tinh
toan phtrc tap, mat nhiéu thoi gian nén vi¢c img dung cac phuong phap hoc may (Machine Learning-ML)
trong HTD la gidi phap méi dé giai quyet d6 phirc tap tinh toan ctia nhitng bai toan 6n dinh c6 tinh phi
tuyén manh, nhiéu chiéu [8], [9]. Nhiéu k¥ thuat ML khac nhau nhu mang neural nhén tao (Artificial
Neural Networks-ANN) [10], [11], may vecto hd tro (Support Vector Machine-SVM) [12], [13] va cay
quyét dinh (Decision Tree-DT) [14] d& duoc nghién ciru ap dung trong TSA ctua HTD.

Hoc sau (Deep Learning-DL) 14 c6ng nghé tién tién nhat trong linh vyc ML, ¢6 uu diém trich chon
déc trung ty dong nén dugc st dung rong rai trong danh gia o6n dinh va an ninh HTD [15]. Do su cai
thién vé hiéu sut tinh toan va dung luong dit liéu, DL cho thiy hiéu sudt vuot tréi vé do chinh xac va
d6 tin cay so véi ML théng thuong [16]. Trong DL, mang neural sau (Deep Neural Networks-DNN) c6
nhiéu tng dung thanh cong trong nhidu linh vuc khac nhau, chang han nhu nhan dang hinh anh va xir
1y ngdn ngit, chiing ciing co tiém nang 16n dé thay ddi cach thirc giam sat, phéan tich va kiém soat ludi
dién ngay nay [17]. Mang neural tich chap (Convolutional Neural Networks-CNN), mang niém tin sau
(Deep Belief Networks-DBN), mang neural hdi quy (Recurrent Neural Networks-RNN) 12 cac kién trac
phd bién dugce str dung dé tao cic md hinh DL. CNN 1a mét trong nhitng mo hinh DL manh mé nhat
cht yéu dugce sir dung trong linh vuc thi gidc may tinh va hinh anh. Tuy nhién, do d6 chinh xéc cao
trong viéc hoc va khai quat hoa cac ham va méu phi tuyén phuc tap, nén loai mang ndy hién dang ngay
cang nhan dugc su chi ¥ trong nhiéu nhiém vu hoc thuat va cong nghiép [18] Dbi véi cac bai toan phan
loai chung, DBN dugc str dung rong rai. RNN la mot kién tric DL chu yéu dugc sir dung dé xir 1y dix
lidu tudn tw. RNN c6 kha ning tich liy thong tin trong qua khtr vi n6 s hitu bd nhd va loai dugc sir
dung rong rai 1a bo nhé dai ngan han (Long Short-Term Memory-LSTM) [19].

Nhiéu cong trinh di dwogc gidi thiéu &p dung trong TSA. [20] dé xuét CNN dé TSA dua trén 6n dinh
goc, bién do dién ap va pha dién ap. DBN ap dung dé TSA duya trén cong suat tic dung, phan khang cua
duong day truyen tai, dién ap bus va goc dién ap [21]. RNN vdéi cac don vi LSTM duogc str dung dé du
doan ranh gioi TS dya trén dong cong suit va dién ap cua mang truyén tai [22]. LSTM duoc sir dung de
TSA duya trén cac dic diém cum quy dao cua cac goc cong sudt cia may phat sau khi khac phuc su ¢d
[23]. Recurrent Convolutional Neural Networks (RCNN) két hop CNN va LSTM TSA va 6n dinh dién
ap ngén han dua trén goc rotor va bién do dién ap [24]. [25] dé xuit CNN song song va Gated Recurrent
Unit (GRU) dé TSA dua trén goc cong suit cia moi may phat trong giai doan sau nhidu loan. Graph
Convolutional Neural Networks (GCNN) va Deep Reinforcement Learning (DRL) TSA dua trén trang
thai dong dién-dong cong sudt [26]. Recurrent Graph Convolutional Networks (RGCN) véi Graph
Convolutional Networks (GCN) va cac don vi LSTM duoc st dung dé TSA dua trén bién do dién ap
bus, pha tuong ddi ctia bus va toc do rotor ciia cic méay phat [27].
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Bai bao nay ap dung lgién trac BILSTM-FC (Bidirectional Long Short-Term Memory - Fully
Connected) d€ nhan dang on dinh qua do HTD. Hiéu qua cua BILSTM-FC dugc kiém tra trén HTD
IEEE 39bus cho d9 chinh xac nhén dang cao, cho thay BiILSTM-FC dat hiéu suat t6t hon BiLSTM.

2. Phwong trinh dao ddng ciia may dién dong b

Phuong trinh dao dong [28] biéu diénqdao dong goc rotor § trong qua trinh nhiéu loan cuia mot may
dién dong bo trong h¢ thong n-may c6 thé dugc mo ta bang hai phuong trinh vi phan bac mét (1) - (2).

dé;
@ e W
dAa)i 1
ar = 31, Pmi — Pei = Dibwy) @
L

Cong suat dién ngd ra ctia may thir i trong hé théng n-may dugc cho bai phuong trinh (3).

Pei = ElzGu + Z ELE] {GU COS((SI' — 5]) + Bijsin((?i - 61)} (3)
J#i
Trong do, §; va §; 1a goc rotor may thir i va j, Aw; 1a d6 1¢ch tdc do rotor, Pyy; 13 cong suat co dau
Va0, Pq; 12 cOng suat dién dau ra, M; 12 mémen quan tinh, D; 1a hé sb gidm chan, G;; + jB;; 1a do dén
truyén giira may thiri va j, E; va E; la dién ap khong d6i phia sau dién khang qua d6 ctia may i va j.
Trong bai bao nay, cong cu tinh toan phan bd cong ; suét t6i wu OPF trong PowerWorld duoc sir dung
dé mo phong giai phuong trinh dao dong. Trang thai 0 on dinh qua d6 duoc xac dinh bang cach quan sat

goc rotor khi xay ra ngan mach. HTD 1a 6n dinh khi d6 1éch goc rotor cua hai may phat bat ky khong
qua 180°, va 1 khong 6n dinh khi d6 1éch gbc rotor ctia hai may phat bat ky vuot qua 180°.

3. Kién tric mang neural sau
3.1. Mgng neural b nhé dai ngdn han hai chiéu BiLSTM

BiLSTM (Bidirectional LSTM) la kién triic két ni hai LSTM @
c6 thoi gian d6i 1ap dén cung mot dau ra, két qua dugce tinh toan e Oge JouGae, OupGue

dua trén trang thai an ciia ca hai LSTM.

Hinh 1 [27], [29] m6 ta cac 6 nhé cua LSTM. O LSTM goém
6 cong quén, cong dau vao va cong dau ra. O nay xac dinh dur
liéu ndo can gilr trong bd nh¢ va dir liu nao can bo qua béng
cach sir dung ba chire nang diéu khién cong, trong d6 dit liéu sau ;
s& chuyén thong tin can thiét mot cach co chon loc. @J @

Cong quén (Forget Gate) lua chon dir liéu nao can ghi nho
va dit liéu nao can x6a. Pau ra 14 0 hodc 1, trong d6 0 co nghla
1a quén va 1 1a giit lai. Ham sigmoid chiu trach nhiém vé& quyét dinh nay, dau ra nhu cong thirc (4).

Hinh 1. Kién triic LSTM

fe = o(Wyp x¢ + Wyphe_1 + by) (4)
Trong d6, o la ham sigmoid, Wy s, Wy, va by 1a ma tran trong s6 dau vao-cong quén, dn-cong quén
va do 1éch cua cong quén, x, 1a diu vao tai 1an 1ap t va h,_; 1a dAu ra tai 1an lap t-1.
Cbng dau vao (Intput Gate) sir dung ham sigmoid dé x4c dinh gié tri nao s& cap nhat, cong thuc (5).
ir = o(Wy; x¢ + Whihe—1 + by) ®)

Trong d6, o la ham sigmoid, W,;, Wy; va b;1a ma tran trong s6 dau vao-cong dau vao, an-cong dau
vao va d6 1éch ctia cong dau vao.

Ham tanh tao mdt vecto méi ctia 6 nhé c6 thé duge thém vao trang thai 6 nhé, cong thirc (6).
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¢ = tanh(Wyc x¢ + Wpche—1 + bc) (6)
Trong d6, tanh 12 ham hyperbolic tangent, W, Wi, Va b, 1a ma tran trong s6 dau vao-nhg, an-nhé
va do léch cua ndi dung mai ciia 6 nhd dugce cap nhat.
Trang thai 6 nh¢ sau d6 duoc cép nhat bang cach ghép ca f; va ¢;. LSTM cdp nhat trang thai 6 cii
c¢—1 (0 nho tai 1an lap t-1) thanh ¢; nhu trong cong thire (7).

Ct = f-Ce—1+ it C) (7
Cong ra (Output Gate) sir dung ham sigmoid dé tinh toan dau ra o, nhu trong cong thic (8).
0 = 0(Wyo x¢ + Wiohe—q + by) (8)

Trong d6, o la ham sigmoid, Wy, Wy, Va b, la ma trén trong sO két nbi dau vao-cong dau ra, an-
cong dau ra va do léch cua cong dau ra.

Cubi cung, nhan o, V6i tanh(c,) dé co dau ra cudi cung ciia LSTM, dé xac dinh phan nao can loai
bo nhu trong cdng thire (9).

h; = o tanh(c;) 9)
Han c}lé cua LSTMﬁ 1a chi ¢6 thé st dung bdi canh trude @ @ @
d6 cho dén mét thoi diém hién tai, khong biét cac trang thai 7
tuong lai. BILSTM khic phuc bang cach két ndi hai LSTM o P o
c6 thoi gian doi 1ap. Trudc tién mang chay chudi theo Be-y/\ hos e /| ; Ress/\ i
hudng tién d¢ tinh toan trang thai an hudng tién, sau do chay LEeEm |l gEem\ || e\ ™

Forward

chudi theo huéng Ui dé tinh toan trang thai an hudng 10i. e |

Tai thoi diém nay, trang thai diu ra dwoc tinh tir trang thai 2T 21T e
4n theo hai huéng. Tuy nhién, ca hai h va h déu nhan dau , ‘

Vao tir cung mét vecto x; va ching twong tac véi cing mot = % &

vecto dau ra ;. Hinh 2. Kién triic BILSTM véi 3 bude lién tiép

Hinh 2 [30], [31] BiLSTM tinh toan chudi n tién A, chudi an Iui h va chudi dau ra y bang céch lap lai
Iopllitet =T dén 1, Ioptiéntirt = 1 dén T, va sau d6 cap nhat 16p dau ra theo cong thire (10) - (12).

E = O'(Wxﬁxt + Wﬁﬁ'ﬁt—l + bﬁ) (10)
(h_t = O'(Wxﬁxt + Wﬁﬁﬁt_l + bﬁ) (11)
Ve = O-(WH ht + Wﬁyht + bO) (12)

Trong do, W _;, Whh, we Va th, Whh, Wy 1?1n luot 12 cac ma tran trong s6 hudng tién va hudng

IUi cho céc tuong tac dau vao- an 4n-an va an-dau ra
3.2. Mang neural bg nhé dai ngdn hgn hai chiéu BiLSTM - Két noi day dii FC

Phﬁn,nély trinh bay ap dung mang neural sau BILSTM-FC vao nhén dang 6on dinh qua d6 HTD [15],
[33]. Kién tric thiét ké nho sy hd trg ctia Matlab R2021b.

Hinh 3a, BILSTM gom c6 1 16p sequence input, 2 16p bilstm, 1 16p softmax, 1 16p classification dé
phén loai.

Hinh 3b, BiLSTM-FC gom 1 16p sequence input, 1 16p bilstm, 1 16p fully connected, 1 16p softmax,
1 16p classification d€ phéan loai.
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3.2.1. Ldp sequence input B s, e .|
Lop sequence input su dung vecto bién dau vao chira
thong tin dac trung cla trang thai HTD ngay khi su co xay ‘n bistm. n )
A ilst ilstr
ra,’ gom Apgen, AQgeQ, APjoad, AQload, AVbus, APtiow, AQflow- S S
Két qua phan tich kién truc BiLSTM va BiLSTM-FC duogc :
R R R bilstm fc
trinh bay trong Bang 1. [n bilstmLayer fullyConnected...
. Béang 1, kién trac mang BiLSTM-FC nhan vecto bién
fiﬁu Vélf) qua lfip seﬂueﬂpciinplvlt. So neuﬂral 16p sequence ‘m zgffttr:w::myer m zg;cttnT:XXLayer
input la 189 bang voi s6 bién déc trung cua vecto bién dau
vao. L6p phan loai dugec ma hod nhan bien nhi phan, {1} la ; ——
classification classification
OIl dlnh va {0} la khong Ol’l dlnh SO neural an 10‘p FC ChOl’l 53] classificationLa. . D] classificationLa. .. }
bang 2 dé ngay cang gan hon véi mau va dé xac dinh 16p (a) BiLSTM (b) BIiLSTM-FC
muc tiéu. S6 neural an lop BiLSTM chon bang 28 thong qua
thuc nghiém thir sai dé tim két qua t6t nhat. Hinh 3. Kién tric BiLSTM va BiLSTM-FC

Bang 1. Két qua phan tich kién tric BiLSTM va BiLSTM-FC nhdn dang on dinh qud do

No. BiLSTM # of node No. BiLSTM-FC # of node
1 sequence input layer 189 1 sequence input layer 189
2 bilstm layer 28 2 bilstm layer 28
3 bilstm layer 2 3 fully connected layer 2
4 softmax layer 2 4 softmax layer 2
5 classification layer 2 5 classification layer 2

3.2.2. Loép BiLSTM

Dé khoi tao trong s6 dau vao, trong s6 hdi quy va do léch, 16p BIiLSTM sir dung bo khai tao
InputWeightsinitializer, RecurrentWeightsinitializer va BiaslInitializer. Trong d6, bd khaoi tao
InputWeightsInitializer st dung ham glorot, by khoi tao RecurrentWeightsinitializer sir dung ham
orthogonal, bo khai tao BiasInitializer sir dung don vi cong quén. Ham kich hoat trang thai va kich hoat
cong 14 ham tanh va ham sigmoid.

3.2.3. Lop fully connected

Dé anh xa hiéu qua thong tin ddc trung cua dir liéu dugc tinh toan tir BILSTM sang FC, 16p fully
connected s€ mo rong va giam chicu cua dir liéu dau ra BiLSTM, cong thire (13).

= f(z w;ix; + bj) (13)

Trong d6, x;, y; 1a bién dau vao, dau ra, w; ; la trong s6 két nbi, b; 1a d¢ léch, f 1a ham kich hoat.

Dé khoi tao, bo khoi tao Weightslnitializer va Biaslnitializer str dung ham narrow-normal. Ham
narrow-normal khai tao trong so va do 1éch bang cach lay mau doc 1ap tir mdt phan phoi chuan c6 gia
tri trung binh bang 0 va dd 1éch chuan 0,01. Ham kich hoat cho 16p fully connected la ham softmax.
3.2.4. Lop softmax

Sau khi céc trong sb dic trung duoc trich xuét boi cac 16p fully connected, chung dugc anh xa bai
mot tap con cda 16p softmax tdi dau ra cubi cung cia mang dbi v6i xac suat cho tung 16p trong céc
nhiém vu phan loai. Lép softmax str dung ham kich hoat softmax, biéu dién theo cong thirc (14).
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exp(y;)
Y(exp(y;))

Trong d6, y; va y; 1a kich hoat cua neuron dau ra i va j, softmax(y;) la xac suét cua l6p i.

softmax(y;) = (14)

3.2.5. Lop phan logi

L&p phan loai tinh todn ton that cross-entropy cho cac nhiém vu phén loai va phén loai c6 trong sO
voi cac 16p loai trir 13n nhau. Trong 16p phan loa, ham ton that cross-entropy tinh toan loai trir cac 16p
c6 gia tri ddi 1ap va ma hoa dau ra, dugc biéu dién nhu cong thirc (15).

loss = —— Z Z Wity Iny, ;v (15)

n=1i=
_ Trong d6: N la sb mau, K 1 s6 16p, w; la trong sb cua l6p i, t,,; 1a mau thir n thudc 16p thir i, y,; 1a
dau ra cia mau n 16p i, mau nay la gia tri tir ham softmax.
Dau ra by phan loai duge ma hod nhan bién nhi phan, nhin {1} 1a 6n dinh va {0} la khdng 6n dinh.
4. Két qua nhan dang 6n dinh qua dd hé thong dién
4.1. Xay dng tdp bién va mdu

Trong bai bao nay, mé hinh duoc dé nghi kiém tra trén so d6 HTD IEEE 39bus, 10 may phat, 34
duong day truyén tai va 19 tai duoc trinh bay trong Hinh 4.

Phan mém PowerWorld tinh toan miu cong suit phat twong tng nhd céng cu tinh toan phan b cong
suat t6i vu OPF. Thyc hién md phong offline dé thu thap dir liéu danh gia on dinh qua d6 HTD véi 6
murc tai tir 70% dén 120% tai co ban. Tinh hudng bat ngd dugce xem xét 1a sy 6 ngan mach ba pha cham
dét xay ra trén tat ca cic bus va trén tit ca cac duong diy ¢ nhitng vi tri 25%, 50%, va 75% chiéu dai
duong day. Thoi gian cit ngin mach duogc cai dat 50 ms va thoi gian mé phong 1a 5s. HTD 1a 6n dinh
khi d6 1éch goc rotor ciia hai may phat bat ky khong quéa 180°, va 1a khong on dinh khi d6 1éch goc rotor
ctia hai may phat bat ky vuot qua 180°.

Vecto bién dau vao chira thong tin dic trung cta trang thai HTD. Thong s cua bién sy ¢b chia su
thay ddi tirc thi ctia cac thong sb trang thai ngay khi su ¢d xay ra nhu d6 khac biét cong suit cac nit
phét (APgen AQgen), d6 khac biét cong suit cac nit tai (APioad AQicad),
do khac biét dién ap tai cac bus (AVpys), dd khac biét cong suét trén
cac duong day truyén tai (APfiow AQfiow). Bién dau vao 13 x {(APgen
AQgen)ZO (APIoad AQIoad)sﬁ (Avbus)39 (Apflow AQrow)QZ} trong dé 20, 38
39, 92 lan lugt dai dién cho s6 lugng nit may phat, s6 lugng tai, sd
luong bus, s6 luong dudng day truyen tai, dugc xay dung thanh tap
mau va b1en 1a m6t ma trdn, gom mau 6n dinh va mau khong 6 on dinh.
Téng s bién dau vao 1a 189. Két qua mé phong c6 995 mau bao gdbm
676 mau 6n dinh va 319 mau khong on dinh. Vecto bién dau ra dai
dién cho trang thai ctia HTD. 1 bién dau ra la y {1 0} dugc mi hoa
nhin bién nhi phan, nhan {1} 1a 6n dinh va nhan {0} la khong 6n -
dinh. Toan bé dit liéu dugc chuin hod trude khi hudn luyén. Hinh 4. HTD IEEE 10 mdy 39bus

Tap dit liéu dugc chia ngdu nhién thanh 80% huin luyén va 20% kiém tra. Toéng cong c6 796 mau
duoc chon tir 995 mau lam tap huén luyén, 199 mau duoc sir dung lam tap kiém tra nhu trong Bang 2.

Bang 2. Tdp hudn luyén va kiém tra ciia HTP IEEE 39bus

)

Tap dir liu S6 miu 6n dinh S6 méau khong 6n dinh Téng s6 mau

Tap huén luyén 541 255 796
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Tap kiém tra 135 64 199
Tong s6 mau 676 319 995

4.2. Hudn luyén va ddnh gid mé hinh
4.2.1. Hudn luyén mé hinh

Dé tién hanh huin luyén, cai dat cac siéu tham s6 lién quan dén ham ton that, thut toan tdi uu hoa,
ky thuat khoi tao, va s6 1an 1ap dugc tom tat trong Bang 3. Thuat toan toi uu héa ngau nhién Adam voi
toc do hoc thay doi duogc 4p dung dé gidm thi€éu ham ton that. Cac thong so6 khac mac dinh.

Bang 3. Cai ddt cdc siéu tham sé BiLSTM-FC

Training Hyperparameters Function/Selected Values
InputWeightslnitializer glorot
BiLSTMLayer RecurrentWeightsinitializer orthogonal
Initialization technique Biaslnitializer unit-forget-gate
WeightslInitializer narrow-normal
FullyConnectedLayer
Biaslnitializer narrow-normal
Loss function cross-entropy
Optimization algorithm Adam algorithm
Learning rate 0,0100
Batch size 128
Epoch number 200

4.2.2. Panh gia mo hinh

Hiéu sudt ctiia bd phén loai dugc danh gia dua trén ma tran nhim 13n. D6i v6i phan loai nhi phan, ma
tran 1a mot hinh vudng 2x2 nhu thé hién trong Bang 4, trong d6, cot biéu dién bd phan loai du doan,
trong khi hang 1a gia tri thyc cta nhan 16p [32].

Bang 4. Ma tran nham lén cho phan loai nhi phdn

Lép khong on dinh duoc gan Du doan khong on dinh Dy doan on dinh
nhén P (Positive), 16p 6n dinh Nhin 16p khdng 6n dinh TP FN
dugc gan nhan N (Negative). Nhin 16p 6n dinh FP TN

TP (True Positive): S6 truong hop khong 6n dinh duoc nhan dang chinh x4c 1a khong 6n dinh.
TN (True Negative): S6 trudng hop 6n dinh duge nhan dang chinh xac 1a 6n dinh.
FN (False Negative): SO truong hop khong 6n dinh bi nhan dang nham.
FP (False Positive): SO truong hop on dinh bi nhan dang nham.
Do chinh x4c (Accuracy-ACC) 1a ty 1é gitra s6 lugng danh gia ding trén téng sé lwong danh gia,
dugc xac dinh nhu cong thuc (16).
TP+ TN

A = S T INFFP+ N

100% (16)

4.3. Két qud nhdn dgng

Trong huén luyén mang thi viéc chon s6 neural l6p an va céac siéu tham sb huén luyén cho BiLSTM-
FC la rat quan trong, vi n6 anh huong 16n dén do chinh xac. Thong qua thuc nghiém thir sai huan luyén
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nhiéu 1an vé6i s6 neural 4n va cac siéu tham sé huén luyén khac nhau dé tim s neural an v&i d6 chinh
Xac nhan dang ky vong. S6 neural 4n duoc chon trong vung khao sat tuong ing vdi do chinh xac nhan
dang cao nhét, dat yéu cau.

Céc siéu tham s huén luyén mé hinh BiILSTM-FC dugc trinh bay ¢ Bang 3. Hinh 5 trinh bay két
qua kiém tra ctia BiLSTM-FC khi thay d6i s6 neural an BiLSTM tir 4 dén 60. O s6 neural an 28 BiLSTM-
FC c6 d6 chinh x4c nhan dang dat cao nht.

100 I I 1 Accuracy (%) 99.5
1 Accuracy (%) BBILSTM-FC

99 -
98 - 1
97~ 7
96 -
95 -
94
93 -
92
91
90

Accuracy (%)

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Number of Hidden Layer Neurals

Hinh 5. Bg chinh xdc kiém tra ciia BiLSTM-FC khi thay déi sé neural dn

Két qua huan luyén va kiém tra ctia BiLSTM-FC va BiLSTM duoc tinh toan trung binh cho 10 lan
thyc hién. Két qua dugc trinh bay ¢ Bang 5.

Bang 5. DG chinh xdc hudn luyén va kiém tra ciia BILSTM-FC va BiLSTM

BiLSTM-FC BiLSTM
No It 2 It 2
Huan luyén (%) Kiem tra (%) Huan luyén (%) Kiém tra (%)

1 100% 99,0% 100% 95,48%
2 100% 98,5% 100% 96,98%
3 100% 100% 100% 95,98%
4 100% 99,0% 100% 97,49%
5 100% 100% 100% 96,48%
6 100% 99,5% 100% 97,99%
7 100% 100% 100% 94,97%
8 100% 99,5% 100% 97,49%
9 100% 100% 100% 96,98%
10 100% 99,5% 100% 97,49%
Trung binh 99,5% 96,73%

Hinh 6 minh hoa qua trinh huén luyén va kiém tra ¢ 1an huén luyén thtr 6 ctia BiLSTM-FC.
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Training Progress

Accuracy (%) 99.5 Accuracy (%) 99.5

Accuracy (%)

—=—Validation| |
—-Training
0 20 40 60 80 100 120 140 160 180 200
Interation

Hinh 6. Qud trinh hudn luyén va kiém tra & lan hudn luyén thit 6 ciia BiLSTM-FC sau 200 lan Ildp

Trudng hop nhan dang nham FN va FP cua BiLSTM-FC dya trén ma trin nham 13n sau 10 lan kiém
tra dugc trinh bay ¢ Hinh 7.

Predicted Predicted Predicted
Unstable Stable Unstable Stable Unstable Stable
[<5) (5] ()
o) o o
[3+4 55 2 [1o4 55 3 o 57 0
v 27.6% 1.0% > 27.6% 1.5% k) 28.6% 0.0%
oy [y o
=2 z°2 =2
=2 2 =]
(&) (&) (&]
< < <
2 0 142 2 0 141 2 0 142
—‘% 0.0% 71.4% —% 0.0% 70.9% % 0.0% 71.4%
n 17y N
(a) Test lan 1: FN 1,0% (b) Test lan 2: FN 1,5% (¢) Test lan 3: FN 0,0%
Predicted Predicted Predicted
Unstable Stable Unstable Stable Unstable Stable
[«5] (5] [«5]
o) o) o
© 61 2 © 69 0 © 62 1
k) 30.7% 1.0% v 34.7% 0.0% v 31.2% 0.5%
oy [ o
=2 =2 =2
2 2 =]
o o (&)
< < <
2 0 136 <@ 0 130 2 ) 136
—cQU 0.0% 68.3% —% 0.0% 65.3% -c% 0.0% 68.3%
) h »h
(d) Test lan 4: FN 1,0% (€) Test Ian 5: FN 0,0% () Test ldn 6: FN 0,5%
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Predicted Predicted Predicted
Unstable Stable Unstable Stable Unstable Stable
[«5) [<5) D
o o IS
[+ 60 0 [+ 58 1 [+ 60 0
b 30.2% 0.0% > 29.1% 0.5% b 30.2% 0.0%
o= e e
s > 2 = 2
= = =
[&] [&] [S]
< < <
[<5] [<5] (3]
2 2 2
n n n
(9) Test lan 7: FN 0,0% (h) Test lan 8: FN 0,5% (i) Test lan 9: FN 0,0%
2 6 chéo déu tién 1 TP (s truong hop khong on dinh dwgc nhan dang
Predicted chinh xac) va TN (s6 trudong hop 6n dinh duoc nhén dang chinh xac) 1a do
Unstable Stable chinh xac kiém tra. Két qué, 10 lan kiém tra trin}} bay ¢ Bang 5. ‘
2 6 cheo thir hai la FN (s0 truong hop khong 6n dinh bi nhan dang nham)
2 va FP (s6 truong hop 6n dinh bi nhén dang nham). Bang 6 trinh bay ti 1¢ nhén
S L e dang nham cua FN trong 10 1an kiém tra.
[ \
=2 Bang 6. T7 [¢ nhan dang nham cua FN
>
3]
< Truong hop (a) (b) (©) (d) (e)
| = FN 10%  15%  00%  10%  0,0%
Truong hop () (9) (h) (i) ()
(j) Test lan 10: FN 0,5% FN 0,5% 0,0% 0,5% 0,0% 0,5%

Ti 1é nhan dang nhim cta FP trong 10 1an kiém tra 14 0,0%.
Hinh 7. Trieong hop nhédn dang nham FN va FP ciia BiLSTM-FC dya trén ma trdn nham lan

Tdng s6 bién dau vao 1a 189, bao gdm do6 khac biét cong suit cac nut phat (APgen AQgen), d6 khéc biét
cong suat cac nit tai (APmad AQiocad), d0 khac biét dién ap tai cac bus (AVhus), dd khac biét céng suit trén
cac dudng day truyén tai (APsow AQfiow). Tap bién nay bao trim cac kich ban van hanh d6i v0i tinh
hudng bét ngd dugc xem xét trong bai b4o nay. Tuy nhién, khi phan tich bai toan nhan dang 6n dinh
HTD gip phai van dé s6 bién 16n cua tap dit liéu, nhung khong phai tit ca cac bién déu hitu ich. Cac
bién thira s& gay nhidu lam giam tinh nang cta bo phan 16p hay chan doan. Giam chiéu dir liéu hodc
chon bién quan trong nham muc dich rat gon mé hinh va chon sé it bién dic trung cho bd phan 1op, diéu
nay con gitp giam s6 cam bién do luong, giam thoi gian tinh toan.

Phan tich tinh quan trong cua ting loai déc trung dau vao, 1an luot kiém nghiém loai bo cac bién la
d6 khac biét cong suat phan khang dudng ddy, d6 khac biét cong suat phan khang may phat, d6 khac
biét cong suat phan khang tai, 4o khac biét dién ap cac bus, cho sb bién giam déng ké trong khi d chinh
xac nhan dang van dat gia tri ky vong so v&i toan tap bién. Két qua huan luyén va kiém tra ctia BiLSTM-
FC duoc tinh toan trung binh cho 10 l1an thyc hién. Két qua duoc trinh bay & Bang 7.

Bang 7. D¢ chinh xdc hudn luyén va kiém tra ciia BiILSTM-FC khi giam bién dau vio

Bién may phat Biéntai  Biénbus Bién dudng diy g bidn H“a(‘(‘) /cl)‘)‘y‘-"“ m‘("%‘m
0 A N
dau vao
APgen AQgen APioad AQIoad AVbus APtiow AQrow Trung binh Trung binh
10 10 19 19 39 46 46 189 100% 99,5%
10 10 19 19 39 46 143 100% 99,45%
10 19 19 39 46 133 100% 99,45%
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4 10 19 39 46 114 100% 99,05%
5 10 39 46 95 100% 99,25%
6 10 19 46 75 100% 98,99%
7 10 19 39 68 100% 98,59%

5. Ban luan

Hinh 5, khi thay d6i s6 neural BiLSTM tir 4 dén 60, BiLSTM-FC c6 d¢ chinh xac nhan dang dat tir
97,99% dén 99,5%. O sb neural an 28 BiLSTM-FC c6 d6 chinh x4c nhan dang dat cao 99,5%.

Bang 5, trung binh sau 10 1an huan luyén va kiém tra, BILSTM-FC c¢6 d6 chinh xéac kiém tra dat cao
dén 99,5%, BiLSTM c6 d6 chinh xac kiém tra dat cao 96,73%. Nhu vay, BiLSTM-FC cho d6 chinh xac
kiém tra cao hon BiLSTM la 2,77%. Két qué kiém tra cho thiy kién trac BiLSTM-FC dat hi¢u suat tot
hon kién triic BILSTM.

Hinh 6, trong céc 14n 13p ban diu, do mang khoi tao trong s6 ngau nhién nén dé chinh xac chua cao.
Tuy nhién, mang da diéu chinh trong s6 lam gia ting do chinh xéac, dén 1an lap thir 40, @6 chinh xac da
xac 1ap ¢ 99,5%.

Hinh 7 va Bang 6, trong 10 1an kiém tra ti 1¢ nhdm ctia 16p khong 6n dinh & 1an kiém tra thi 1, thi 4
(trudng hop a, d) 12 1,0%, & 1an kiém tra thir 2 (trudng hop b) 13 1,5%, & 1an kiém tra thir 6, thir 8, thir
10 (truong hop f, h, j) 12 0,5%, con lai 4 tredng hop ¢ lan kiém tra tht 3, thi 5, thir 7, tha 9 (trudng hop
¢, e, g, i) 12 0,0%, trong 10 1an kiém tra ti 1& nhdm trung binh 1a 0,5%, hay d6 chinh xé4c trung binh Ia
99,5%. Ti 1é nham cua 16p 6n dinh trong 10 1an kiém tra 1a 0,0%, hay d6 chinh x4c 1a 100%. Két qua
cho thiy d6 chinh xac nhan dang timg 16p cao.

Bang 7, voi s6 bién la 68 bién, giam dén 2,77 1an, d6 chinh xac nhan dang cua BiLSTM-FC dat cao
98,59%, cho thiy tit ca 189 bién khong phai diéu quan trong nhu nhau. Khi thyc hién giam chiéu dit
liéu hodc chon bién guan trong dé rat gon md hinh, d§ chinh xac nhéan dang van dat gia tri ky vong.

6. Két luan

Bai bao gidi thiéu kién tric mang neural sau BiLSTM-FC, va trinh bay ap dung vao nhan dang 6n
dinh qua do HTD. Tép dit ligu huén luyén mang duoc xay dung béng mo phdong voi sy tro gitp cla phﬁn
mém PowerWorld. Két qua nghién ctru kiém tra trén tap dir liéu cta so d6 chuan IEEE 39bus. Bai béo
cung da ap dung ma trdn nham 13n vao kiém tra két qua do chinh nhan dang cua timg 16p riéng. Két qua
kiém tra d6 nhan dang d9 sai khac cua timg 16p 14 nho, thdy d6 chinh x4c nhan dang tung 16p cao, khong
bi chénh 1&ch. Két qua nay giup xac dinh sai sd gip phai ¢ timg 16p riéng va cung cap cac thong tin chi
tiét vé d6 chinh xac cia mo hinh huan luyén. Két qua kiém tra so sanh hiéu suat gitra kién trac BiLSTM-
FC va BiLSTM trén cung tip mau cho thiy kién tric BILSTM-FC dat hiéu suét cao hon kién triic
BiLSTM. Nghién ctru ndy mé ra huéng ap dung BiLSTM-FC nhu la m§t cong cu hiéu qua trong viéc
cai thién hiéu suét hoc ctia cac phuong phap nhan dang 6n dinh qua do6 HTP.

Loi cam on
Cam on Phong thi nghiém N:?l‘ng lugng tai tao yz‘l Hé théng dién, Khoa Pién-Dién tir, Truong Pai hoc
Su pham K¥ thuat Thanh pho H6 Chi Minh da ho tr¢ trong qua trinh nghién ctru bai bao nay.
Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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