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1. Gigi thiéu
Mit 6n dinh hé théng dién (HTD) c6 thé mit dién trén dién rong, day 1a van dé HTD gip phai ngay

nay. Dac biét, HTD van hanh lu6n phai dbi mat vai cac kich dong lon dién ra dot ngdt nhu ngan mach
trén duong ddy truyén tai, mat may phat hodc tai 16n, hodc mat lién két giira hai bus hé thong. Cac kich
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dong nay lam mét can bang cong suit, dién ap hé thong sut giam d& gy ra mat 6n dinh. On dinh HTD
1a kha nang cho phép HTD duy tri trang thai can bang 6n dinh dudi cic diéu kién van hanh binh thuong
va tr¢ lai trang thai can bang 6 on dinh sau khi chiu tac dong nhiéu [1]. On dinh HTP dugc phan loai thanh:

On dinh goc rotor, on dinh tan s6 va 6n dinh dién ap. On dinh goc rotor dé cap dén kha ning cac may
dién dong bo ciia HTD duoc két ndi voi nhau duy tri trang thai dong bo sau khi chiu tac dong nhidu [2].

Nham muc dich dénh gia thugc tinh dong cua HTD mot cach nhanh chong va chinh xac, danh gia 6n
dinh dong, hay con goi 1a 6 on dinh qua d9, dugc thuc hién bang cach quan sat sy thay doi cua goc rotor
trong thoi gian xay ra sy c¢b [3], dé xac dinh HTD c6 thé chiu duoc nhitng kich dong ngau nhién ma
khong 1am mét sy On dinh. Panh gia 6n dinh dong c6 tam quan trong to 16n dé van hanh an toan va déng
tin cay HTD.

Trong danh gia 6n dinh dong HTD, phuong phap phan tich truyén thong dya trén mo phong mién thoi
gian chinh xac va linh hoat nhung doi hoi phai gidi mot tap 16n cac phwong trinh vi phan. Dbi v6i mo hinh
c6 kich thudc 16n va tham s6 nhiéu, viéc mo phong ting budc mét nhiéu thoi gian van 1a mdt thach thirc
[4]. Phuong phap s6 va phuong phap truce tiép thi hodc thue té kho khin hodc khong cung cip m hinh chi
tiét clia cac thanh phan HTD can thiét dé danh gia 6n dinh. Phuong phép nay dua vao cong thirc toan hoc
giai hé phuong trinh vi phén phi tuyén ctia hanh vi dong HTD nén tdc do tinh toan khong du nhanh [5].
Phuong phap ham nang lugng qua do va tiéu chuan dién tich bang nhau mo rong cling dé 4p dung trong
danh gia 6n dinh dong HTD. Tuy nhién, nhiing phwong phap nay c6 mot s6 han ché vé mo hinh va chiing
van can nhiéu tinh toan dé xac dinh chi sé phan tich 6n dinh dong [6]. Do cac phuong phap phan tich
truyén thong tinh toan phuc tap, viéc phén tich danh gia 6n dinh HTP dya trén mdt tap hop 16n cac
phuong trinh vi phan, ton nhiéu thoi gian giai, lam cham tré trong viéc phat hién méat on dinh c6 thé xay
ra. Cho nén mang neural nhan tao (Artificial Neural Networks-ANN) c6 thé 1a giai phéap thay thé dang
dé dugc xem xét ap dung. ANN va cac bién thé cia ching tré thanh mdt trong nhimg phuong phap duoc
cac nha nghién ctru ap dyung vao bai toan c6 tinh phi tuyen cao, trong do c6 bai toan danh gia on dinh
HTPD. Péanh gia 6n dinh dong cia HTD 1a yéu cau hang dau trong van hanh va diéu khién [7], 1 phan
tich duoc thuc hién dé xac dinh xem hé théng c6 6n dinh hay khong khi bi su ¢6 [8]. Sau khi duoc huan
luyén, ANN tinh toan két qua dau ra nhanh chong khi c6 tin hiéu vao [9]. Do viy, ANN duoc nhiéu
cong trinh giGi thiéu ap dung dé danh gia 6n dinh HTD.

Trong nhitng nim gan déy, hoc sdu (Deep Learning) duoc cac nha nghién ciru quan tAm va duoc &p
dung trong nhiéu linh vue. Hoc sau 1a mdt phan cua hoc may, ban dau dugc ing dung chi yéu nhan
dang van ban, 4&m thanh va hinh anh [10]. Trong d6, mang neural sau (Deep Neural Networks-DNN)
dugc st dung nhiéu trong linh vyc hinh anh va thi gidc may tinh [11]. DNN dugc ap dung phan loai
hinh anh [12], phan loai ung thu ph01 [13], chuyén dbi anh quang hoc sang anh c6 do phan giai cao trong
xu 1y anh [14], nhan dang khuyét tat bé mit thép can nong [15], v.v ... Trong linh vuc HTD, céc tic gia
phan tich kha ning trién khai img dung DNN trong du bao phu tai, do tim, chan doan 151, danh gia an
ninh va danh gia 6n dinh HTD [16], chan doan 15i va bao vé HTD [17], du doan cong sudt ngin han cho
linh vuc nang lugng tai tao [18], dinh vi 15i trong ludi phén phéi [19]. Piéu nay thay huéng tng dung
DNN dé phén loai, nhén dang la huong duoc nhleu tac gia quan tdm ap dung. Do kha nang hoc nhanh
chong quan hé phi tuyén vao ra, dap tng dugc tc do tinh toan ciing nhu hiéu suat, DNN trd thanh cong
cu hiéu qua trong nhan dang 6n dinh HTD.

Bai bdo nay dé nghi 4p dung mang DNN hoc tri thirc dit liéu van hanh HTD, bao gdm dit liéu én
dinh va khong 6n dinh dé chan doan 6n dinh dong HTD. Két qua kiém tra trén tap dir liéu so dd HTD
IEEE 39bus cho thiy mang DNN cai thién d¢ chinh x4c chan doan so véi mang MLPNN (Multilayer
Perception Neural Networks).

2. Mang DNN
DNN la mdt trong nhitng md hinh hoc sdu manh mé, tiéu biéu trong cong nghé hoc sau, co thé tu
dong hoc cac dac trung phan cap tir dau vao chua duoc xir ly. DNN 1a mang dugc két noi day du, trong

do, cac 16p Fully Connected cua DNN duoc biéu dién bing cac 16p Feed-forward Neural Networks
(FNN) dién hinh dya trén mo hinh neural perceptron [20].
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2.1. Cdu trc mgng DNN

Trong bai bao nay giéi thiéu ap dung cau trac tuan tu (Sequence), gdm cé 16p dau vao, 16p an va l6p
déu ra. L6p dau vao 1a Sequence Input. Ldp 4 an gém 4 16p Fully Connected va 4 16p Softmax. Lop dau
ra 1 Classification Output dé phan loai. Giai thuat hoc va cap nhat trong sé la narrow-normal. Ham kich
hoat cho 16p an va 16p dau ra 1a ham Softmax. CAu tric m6 hinh DNN dugc trinh bay ¢ Hinh 1.

DNN Architecture Name Type # of node
® |sequenceinput sequer‘celnput Sequence input 189
' Sequence input with 1898 dimensions
®fc_1 fc_1 Fully Connected 35
® softmax_1 softmax_1 Softmax 35
| softmax
®fc 2 f_cA_2 Fully Connected 5
‘ % softmax_2 Softmax 5
W Sokmmcis softma

_ fc_3 Fully Connected 3

@ fc_3 3 fully connected layer
| softmax_3 Softmax 3
@ softmax_23 softima

fc_4 Fully Connected 2
o fc_4 2 fully connected layer

softmax_4 Softmax 2
® =ofty 4 softma

classoutput Classification Qutput |2
®cla utpu crosseniropyex witn ciasses U and 1

Hinh 1. Cdu triic mé hinh DNN
2.2. Lop Sequence Input

Lép dau vao tuan ty (Sequence Input) dit thudc tinh tén, kich thude cho dir liéu dau vao. Dbi véi
dau vao tudn tu vecto, inputSize 1a vo hudng twong tng véi sb dic trung [21].

Trong code Matlab, 16p du vao tuin tu duoc goi theo ¢l phap sau:

layers = [
sequencelnputLayer(inputSize,Name,Value),
I;

2.3. Lop Fully Connected

Lop két ndi ddy du (Fully Connected) c6 nhi¢m vy trich xuét déic trung di ligu, mdi 16p st dung gid
tri dau ra cta 16p trude lam gia tri dau vao.

L6p 4n sir dung 4 16p Fully Connected. Cfiu trac DNN ¢o6 nhiéu 16p 4n 1am cho DNN ‘sau’. Céc 16p
Fully Connected giam dan s6 nut trong 16p an nham muc dich chon nhitng dac trung cho bd phan lop
giup cai thién do6 chinh xac nhan dang.

Trong mdi 16p Fully Connected, dé khéi tao trong sb va do léch, su dung by khoi tao
WeightsInitializer va BiasInitializer. Trong do, bd khoi tao WeightsInitializer va BiasInitializer s dung
ham narrpw-noymal. Ham narrow-normal ‘khéi tao trong soO va d@ 1éch bang cach lay mau doc lap tir mot
phan phoi chuan c6 gia tri trung binh bang 0 va d6 1éch chuan 0,01. Ham kich hoat cho 16p Fully
Connected la ham Softmax.

Trong code Matlab, 16p két ndi déy du va bd khoi tao dugc goi theo cli phép sau:

layers = [
fullyConnectedLayer(numClasses),
‘WeightslInitializer','narrow-normal’,
'‘Biaslnitializer','narrow-normal’,

I
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2.4. Ham kich hogt Softmax

Trong mdi 16p Fully Connected c6 mét 16p Softmax. Lép Softmax str dung ham kich hoat Softmax.

Ham kich hoat Softmax 1, 2, 3 ¢c6 nhiém vu cung cap sy phan tach phi tuyén 16 rang giira cac lop
Fully Connected 1, 2, 3. Ham kich hoat Softmax 4 ¢6 nhiém vu tinh toan xac suat ctia mét 16p trén tong
s0 16p xuat hién trong 16p Fully Connected 4, va truyén két qua cho 16p phan loai.

V& mit toan hoc, du ra ciia mot neuron ¢ thé duoc biéu dién theo cong thtrc (1).

a; = FO (wiyxi) + by) @
Trong d6: aj 1a du ra (kich hoat) cua neuron j, f'1a ham kich hoat, wj; 1a trong sO két ndi dau vao i
v&i neuron j, x; 1a gia tri dau vao cho dau vao i, bj 1a ngudng do 1éch cta neuron j.

Lép Fully Connected ciia DNN dugc biéu dién bang cac 16p Feed-forward Neural Networks (FNN)
dua trén sy phét trién cta cac perceptron nhiéu 16p, d6i véi moi 16p, phuong trinh (1) cé thé dugc trinh
bay ¢ dang ma tran, cong thirc (2).

A=f(WX+B) (2)

Tror}g do: Alama tr@n kich hoat, f 1a ham kich hoat dugc ap dung theo tirng phﬁn tr, W la ma tran
trong sO, X 1a ma tran dau vao, B 1a ma tran d¢ 1éch.

Sau khi tinh toan kich hoat cho tit ca cac 16p, 16p diu ra s& giua ra du doér} cuéi cung. Ddi voi nhiém
vu phén loai, ham Softmax thuong dugc su dung trong 16p déu ra dé chuyén doi kich hoat thanh xac
suat. Ham Softmax dugc bi€u dién theo cong thirc (3).

exp(a;) 3)
2o (@)

‘Trong d¢: ai la kich hoat cua neuron dau ra i, a; 12 kich hoat ctia neuron dau ra j, softmax(a;) 12 xac
suat cua lop i.

softmax(a;) =

Trong code Matlab, 16p ham Softmax dugc goi theo ¢l phap sau:
layers = [
softmaxLayer,
I;
2.5. Pdu ra bg phan logi
L6p phan loai (Classification Output) tinh toan ton that Cross-Entropy giita dau ra du doan clia mang
va nhan dir li€u dang cho phan loai dang nhi phan {0} va {1}.
Trong 16p phén loai, ham huén luyén trainNetwork liy cac gi tri xac sudt tir ham Softmax 4 dé xéac
dinh 16p cho dau vao cua 16p phén loai. Ham ton that Cross-Entropy tinh toan chéo, loai trir cac 16p c6
gia tri doi 1ap va ma hoa dau ra. Ham ton that Cross-Entropy dugc biéu dién nhu cong thic (4).

PR
loss = — NZ Z Witn; Iny,;r (4)

n=1i=1
Trong do: N la s0 mau, Kl1a sO 16p, wi 1a trong s ciia 16p i, ty hién thi mau thir n thudc 16p thir 1, yni
1a du ra ciia mau n 16p i, mau ndy 1 gia tri tr ham Softmax. N6i cach khac, yni la xac suét dugc st dung
dé xac dinh 16p ma mang lién két dau vao tha n voi 16p i.
Trong code Matlab, 16p phan loai duoc goi theo ct phap sau:
layers = [
classificationLayer
2\ ]; 2 2 I4
Dau ra bo phan loai duoc gan gid tri nhi phan {1} 1a ‘on dinh’ va {0} la *khong 6n dinh’. Do ket qua
tinh toan 1a so thap phan nén dau ra dugc ham round() chuyén vé dau ra nhi phan theo cong thire (5).
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Néu y>0,5—>y=1 6ndinh

, \ 5
Néu y<0,5 >y =0 khdng on dinh ©)

2.6. Qua trinh phan tich va ddnh gid én dinh dgng sir dung DNN

Qua trinh phan tich va danh gia 6n dinh dong HTD str dung DNN duoc thyc hién gom cac bude nhu
Sau:

Buéc 1. Xay dung tap mau. Mo phong offline, , quan sat goc rotor cia may phat thir i so véi may phat
chuan. Tap dir liéu 12 mot ma trén, gom dir li¢u 0 6n dinh va khong 6n dinh. Ma tran dir liéu X, phuong
trinh (6), con bién va m mau. Ma tran (Iau ra Y, phuong trinh (7), dwgc ma hoa dang nhi phan, nhan
{1} cho mau 6n dinh va nhan {0} cho mau khong on dinh.

X11 X12 X1n
X X . X
Xm1 Xm2 Xmn
V1
y = Y2 @)
Ym
Budc 2. Chuan hoé dit liéu. Tap di liéu duoc chuan hoa theo cong thure (8).
r Xij — M(x;) 8
Y=o 8

Trong d6: x;;va xj; la gi tri ban dau va gia tri chuan hoa cia bién dic trung thir i, M(x;;) 1a gia tri
trung binh cua di liéu, o(x;) 1a phuong sai chuan cua di liéu.

Budc 3. Phan chia dir li¢u huan luyén va kiém tra. Tap dit liéu duoc chia ngiu nhién thanh tap dir
liéu huan luyén va kiém tra.

Budc 4. Huén luyén DNN. Day la budc cho mang hoc tri thirc on dinh HTD tir ma tran dir liéu. bé
huan luyén mang can tién hanh cai dat cac thong so6 cho mang, xac dinh ham t6i vu trong s6, ngudong do
1éch cho 16p Fully Connected, xac dinh ham kich hoat cho 16p Softmax, xac dinh ham tinh toan cho 16p
ra Classification Output.

Budc 5. Banh gia @6 chinh xac nhan dang ciia DNN. D§ chinh xac nhan dang huén luyén hodc kiém
tra dugc tinh theo phuong trinh (9).

S6 mau dung

3. Panh gia 6n dinh dong hé théng di¢n
3.1. H¢ théng di¢n 1EEE 39bus

Hé thong dién IEEE 39bus duoc biét dén rong rai véi tén goi HTD New-England 10 may, 1a mot
HTD twong duong cua cac hé thong con cua ving déng bic Hoa Ky va Canada, duoc coi 1a HTD mau
cho nhirng nghién ctru dugc trinh bay. Cac may phat va tai trong hé thdng dai dién cho tip hop cua nhidu
nhanh may phat dién va tai két ndi t6i cung mét bus. He thong gém c6 10 may phat, 12 may bién ap, 34
duong day truyén tai va 19 tai. C6 2 cap dién ap 1a 345kV va 20kV. Hé théng dugc cho nhu & Hinh 2.

3.2. Xay dung tdp mdu hec

Dé cung cip mau dai dién cho ca diéu kién va tinh hudng van hanh HTD binh thuong va bat thuong,
viée thu thap dir lidu 6 6n dinh va khong on dinh 1a nén tang xay dung va huin luyén m6 hinh DNN dé
danh gia 6n dinh dong HTD. Mot tap dir liéu huin luyén va kiém tra voi nhitng diém van hanh khac
nhau dugc tao ra nham muc dich bao phu cac thong sé ché do van hanh. Trong nghién ciru nay, dé mé
phong 6n dinh dong HTD, nhiéu mé phong di dugc thyc hién trén chuwong trinh 6n dinh qua do cia
Powerworld duoc phan tich thuc thi trén HTD IEEE 39bus, xét s ¢b ngan mach 3 pha can bang tai cac
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bus va & nhitng vi tri 25%, 50% va 75% duong day truyen tai, xem xét mot pham vi twong ddi rong 16n
cac diéu kién van hanh hé thong va tiéu chuan danh gia 6n dinh HTD thong qua viéc cai dat cac thong
s6 chuin ctia md hinh HTD IEEE 39bus va thuc hién kich hoat cac hé thong tu dong diéu chinh dién 4 ap,
diéu chinh kich tir, diéu chinh tan s6, gidi han cong suat phat, v.v ... va chay phan bd cong suat t6i wu.
Cong suét tac dung va cong suat phan khang cuia cac phu tai trong ludi mau thir nghiém trong mirc tir
90% dén 120% gia tri cua tai co ban. Bang cach cai dat cac thong sé chuin ciia mé hinh HTD IEEE
39bus, thuc hién kich hoat cac hé théng tu dong, ... va chay phan bd cong suét toi vu nham tan dung
hét kha ning mang tai cia HTD sin c6. Nghia 1a cong suit tic dung va cong suat phan khang cua cac
méy phét dién c6 thé tw dong diéu chinh tuong tng trong gi('ri han Max Min dé can bang su thay doi ciia
phu tai. Dya trén diéu nay, cac bién dai dién la d6 thay d6i cong suét phat (APgen, AQgen) d6 thay doi
cong suat tai (APmad AQioad), d6 giam dién 4p tai cac bus (AVaus), d6 thay d6i cong suat phan bé trén cac
duong day truyén tai (APsow, AQfiow). Trong qua trinh md phong, danh gia thudc tinh dong cua HTD
trong qué trinh ngén mach dua trén quan sat moi quan hé giira cac goc rotor ciia cac may phét dién. HTD
on dinh néu bat ky goc rotor twong ddi ctia may phat thir i 8 so véi may phat chuan khéng vuot quéa
180°. Nguoc lai, néu goc rotor twong déi virot qua 180° thi HTD mét 6n dinh. Panh gia goc rotor tuong
dbi cia may phat thtr i & so voi may phét chuén cho trudng hop 6n dinh va mét 6n dinh dugc trinh bay
trong Hinh 3 va Hinh 4.

Két qua md phong thu dugc ma tran dir liéu c6 664 miu, gdm cac mau 6n dinh va mau khong on
dinh. Tap mAu 6n dinh c6 431 mAu. Tap khong 6n dinh c6 233 miu. Bién dau vao 1a vecto gdm [(APgen,
AQgen)a, (APmad, AQ|oad)b, (AVbus)c, (APﬂow, AQﬂow)d], trong do a=20, b=38, C=39, d=92.

Trong HTD IEEE 39bus thi: a 1a s lugng dic trung cac nlt may phét, b 1a s lugng dic trung cac
tai, ¢ 1a s6 luong dic trung cac bus, d 13 s6 luong dic trung cac dudng day truyén tai. Tong sb dic trung
cho mdi mau 1a 189.

us 37

Bus 30

Bus 27 Bus 24

Bus

us 23

us 36

Hinh 2. Hé thong dién IEEE 10 mdy 39bus
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3.3. Chudn hoa dir ligu

Ap dung ham zscore dé chuan hoa, trong code Matlab ham chuan ho4 di liéu va gan nhin duoc goi
theo cu phép sau:

X=zscore(X);
Y=[ones(nl,1); zeros(n2,1)];
_ Trong do: X la tép mau hoc. Y 13 tip mau da dugc gan nhén, g6m nl miu dugc gan nhan {1} 1a miu

‘on dinh’ va n2 mau duogc gan nhan {0} la mau ‘khéng 6n dinh’.
3.4. Phan chia di# liéu hudn luyén va kiém tra

Tap di li¢u da chyéln ho4 gdém 664 meflu (431 mau 6n dinh, 233 mﬁp khong 6n dinh) dugc chia ngau
nhién tfjénh 80% huan luyén va 20% ki€ém tra. Nhu vdy, moi tp huan luyén c6 531 mau huan luyén
(3f15 mau 61} dinh, 186 mau khong 6n dinh) va tap kiém tra c6 133 mau danh gia (86 mau on dinh, 47
mau khong 6n dinh).
3.5. Hudn luyén va danh gida mé hinh nhan dang

Huén luyén mang 1a xac dinh cac trong s va ngudng do léch dé giam thiéu ton that giira dau ra du
doan va nhan dir liéu dang.

Thong sb cai dit va diéu kién dimg khi huén luyén hoic kiém tra:

Tdc d6 hoc co ban: 'Initial Learn Rate', 0.01, ...

Heé sb phan rd d6 ddc binh phwong: 'Squared Gradient Decay Factor', 0.999, ...

S 1an lap tbi da: 'Max Epochs', 1000, ...

Dit liéu danh gia: 'Validation Data', {Tép kiém tra}, ...

Tén suét phé chuéan do chinh x4c nhan dang: 'Validation Frequency', 30, ...
3.6. Két qud nhgn dang

M6 hinh DNN nh4n dang 6n dinh dong HTD dugc chon co cAu trac tuan ty, Hinh 1. Huén luyén va
danh gid mang st dung tap dit liéu huan luyén va kiém tra cia HTD IEEE 39bus.

Cong cu mang DNN dugc hd tro boi phﬁn mém Matlab 2021b. Trong huén luyén mang DNN, viéc

chon s6 neural trong 16p Fully Connected 1a rat quan trong, vi né tac dong rat 16n dén d¢ chinh xac. Két
qua nhan dang dugc so sanh vdi mang neural perceptron MLPNN.

Mang MLPNN dugc chon dé so sanh ¢6 3 16p la 1op dau vao, 16p an va I6p dau ra. Giai thut hoc va
cap nhat trong so dugc chon la thuat toan Levenberg-Marquardt. Ham kich hoat 16p an va l6p ngo ra la
ham tansig va purelin.

B?}ng phuong phéap thuc nghiém thu sai hudn luyén nhiéu lan véi s6 neural 4n khac nhau dé tim két
qua tot nhat. Két qua thyc thi duoc trinh bay ¢ Hinh 5 va Hinh 6.

Hinh 5 trinh bay qua trinh huin luyén va kiém tra caa DNN.
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Hinh 5. Qud trinh hudn luyén va kiém tra ciia DNN

Hinh 6 trinh bay két qua so sanh dé chinh xac nhan dang cia DNN va MLPNN vdi s6 neural 4n thay
doi.

100 T T T T T T -
99k ! ! . ]
98
97+
96| ,
95/ i | Accuracy (%) 95.49
94
93
92r ~DNN | |
M ——MLPNN|
90 ' : : : : —

10 15 20 25 30 35 40 45 50 55
Number of Hidden Layer Neurals

1 Accuracy (%) 96.99

Accuracy (%)

Hinh 6. So sdnh d¢ chinh xdc nhdn dang cuia DNN va MLPNN

Két qua so sanh do chinh xac nhan dang cia DNN va MLPNN tai s6 neural an tir 15 dén 50 duoc
trinh bay & Bang 1.

Bang 1. B¢ chinh xac nhan dang kiém tra ctia DNN v MLPNN

S6 neural 4n DNN MLPNN
15 94,74% 95,49%
20 94,74% 95,49%
25 96,24% 94,59%
30 96,24% 94,59%
35 96,99% 95,49%
40 96,99% 95,49%
45 96,99% 95,49%
50 96,99% 95,49%

4. Ban luan

Hinh 5, trong cac lan 13p ban df?lu, do khéi tao trong sb ngiu nhién nén d¢ chinh xdc chua cao. Tuy
nhién, mang da dicu chinh trong so lam gia tang d6 chinh xac, dén lan lap thu 690, 6 chinh xac da xéac
lap ¢ 96,99%.
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Hinh 6 va Bing 1, thay doi s6 neural tir 15 dén 50 thi s6 neural an tir 35 dén 50 mang DNN c6 o
chinh xac nhan dang dat cao dén 96,99%, mang MLPNN c6 d6 chinh xac nhan dang dat cao dén 95,49%.
Nhu vay, DNN cho d6 chinh xac kiém tra cao hon MLPNN la 1,5%.

So véi céc két qué clia céc cong trinh cong b trude day 1a tir 94% dén 97%, két qua bai béo 96,99%
l1a chap nhan duoc.

5. Két luan

Bai bao gidi thiéu 4p dung mang neural siu DNN dé chan doan 6n dinh dong HTD. Phan tich thuc
thi trén HTD IEEE 39bus, DNN c0 d6 chinh xac nhan dang cao. Panh gia so sanh vdi mang neural
perceptron MLPNN trén ciing tdp mau va bién dau vao, DNN cai thién d6 chinh xac phan loai va thuc
hién tot hon vé mit do chinh xac. Két qua nhan dang bdi DNN c¢6 thé duoc sir dung nhu 13 mot phuong
phap cho do ludong giam sat do thay doi cong suit va do giam dién ap, sau do dwa ra cong thirc vé ké
hoach diéu khién phong ngira déng tin cy hd tro cho hoat dong diéu d6 vé van dé 6n dinh dong HTD.
Nghién ctru nay mé ra huong ap dung DNN nhu 1a mot cong cu hiéu qua trong viéc cai thi€n cac phuong
phap chan doan 6n dinh dong HTD hién nay, gop phan nang cao mirc d6 van hanh an toan va 6n dinh
cua HTD.

Loi cam on

Cam on Phong thi nghiém’ Nang luong tai tao va Heé théng dién, Khoa Dién-Dién tir, Truong Pai hoc
Su pham K§ thuat Thanh pho H6 Chi Minh da ho trg trong qué trinh nghién ctru bai bao nay.

Xung dot lgi ich
Céc tac gia tuyén bd khong ¢ xung dot loi ich trong bai bao nay.
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