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TOM TAT

Hé thong dién hién dai dbi mat cac thach thiac mai voi rat nhiéu thay doi.
Dau tu ngudn phat khong dap ung kip nhu cau phét trién phu tai gay ap luc 1&n hé
théng dién phai van hanh gan giéi han 6n dinh. Trong khi d6, hé théng dién van
hanh ludn gap phai cac treong hop su cb bat thuong. Cac sy cd nay gay hai dén on
dinh dong hé thng dién va cé thé din dén tan rd hé théng dién. DPanh gia 6n dinh
qua d6 cta hé thong dién trong nhimg dao dong 16n do su ¢d giy ra, cac phuong
phap truyén thdng to ra kém hiéu qua. Vi vay, mot nhu cau 1a can hé théng nhan
dang nhanh mét 6n dinh dong hé théng dién nham canh bao sém thi con co hoi dé
diéu khién dua hé thong dién tro vé trang théai on dinh. Thé gidi dang chiing kién sy
troi day mot cach manh mé cua tri théng minh nhan tao tng dung vao linh vuc khoa
hoc cong nghé trong nhitng nam dau thé Ky 21 va thoi gian sap téi. Trong d6, tng
dung cong nghé tinh toan thdng minh nhan tao trong chan doan 6n dinh hé thng
dién dwoc nhiéu nha khoa hoc quan tam. Qua nghién ctu, tic gia nhan thay ung
dung mang than kinh nhan tao cho bai toan chan doan 6n dinh hé théng dién gap
phai van dé phuc tap cia dir liéu can xir Iy dé nang cao do chinh xé&c. Luan an dé
xuat huéng nghién ciu ng dung hé théng thong minh vao xay dung mé hinh chan
doan 6n dinh dong hé théng dién gom ba van dé cu thé can giai quyét: Mot 1a van
dé lya chon tap bién. Hai la van dé giam khong gian mau. Ba la cai tién mé hinh

mang no-ron dé nang cao do chinh x&c nhan dang.

T6m tit cac dong gop chinh caa luan an nhu sau:

1. Dé xuat quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh dong hé
thong dién. Gigi thiéu va ap dung thanh cong hai giai thuat chon bién, SFFS va
FR, vao giam khong gian bién mot cach hiéu qua. Két qua kiém tra trén so d6
IEEE 39-bus, giai thuat SFFS cho két qua chon bién tét hon phuong phap FR

nho vao ma rong khong gian tim kiém cua no.



. Ap dung thanh cong giai thuat giam khéng gian mau K-means lai (Hybrid K-
means — HK), cai tién tir giai thuat phan cum dir liéu ndi tiéng K-means, khai
pha dit liéu 6n dinh dong hé thong dién. Két qua kiém tra cho thay giai thuat
HK d3 khéc phuc dugc nhuge diém K-means, gilp nang cao chét lugng phan
cum dir liéu, giam khong gian mau mot cach hiéu qua. Viéc giam khong gian
mau 1am cho mdi nhém mau con ¢6 mot tim dai dién. Diéu nay ¢ ¥ nghia rat
quan trong 13 1am cho mo hinh khong ting dung luong bd nhé luu trir mau méi,
linh hoat trong viéc cap nhat lam giau tri thirc mai, va gitp mé hinh néang cao
kha nang bao phu dit liéu, thich nghi véi mau méi rat cao.

. Dé xuét quy trinh xay dung hé thng nhan dang théng minh chan doan nhanh
6n dinh dong hé thong dién dua trén co s& mang no-ron, khai pha dit liéu. Luan
an da phat trién thanh céng md hinh mang no-ron song song cai tién cho bai
toan nhan dang on dinh dong hé théng dién. M6 hinh dé xuat dat dugc muc tiéu
quan trong 13 nang cao d6 chinh xac phan 16p. V&i céch tiép can trinh bay trong
luan an, cac khau thuc hién da dugc quy trinh héa, diéu nay gitp mé hinh nhan
dang hoan toan c6 thé ma rong cho cac truong hop nhiéu 16n khac nhau.

. Bai toan nhan dang trong d¢é tai c6 thé tong hop cho bai toan diéu khién on dinh
hé théng dién chiang han nhu diéu khién sa thai phu tai.

. Xay dung céch tiép can nhan dang nhanh trang thai 6n dinh dong hé théng dién
khi c6 su ¢d ngan mach nghiém trong xay ra chi dya trén cac bién dau vao 1a do
thay doi céng suat tac dung tai, do thay doi céng suit tac dung trén cac nhanh,
va sut dién &p tai cac nat. Két qua kiém tra cho d6 chinh x&c nhan dang cao vé
trang thai on dinh hé thong dién ma khong can giai hé phuong trinh vi phan nhu
phuong phap truyén théng.

. Hé théng nhan dang thong minh duoc xay dung c6 thé duoc sir dung nhu cong
cu trog gitp cac diéu do vién dé ra chién lugc diéu khién trong nhiing tinh huéng
khan cap, va huan luyén cac diéu do vién hé théng dién xu ly cac tinh huéng

dua trén cac kich ban su cb.

Vi



7. Viéc giam khong gian bién c6 ¥ nghia rat 16n trong viéc giam chi phi thiét bi do
ludong cam bién, don gian hoa so dd dau ndi, va giup hé théng tang toc do xir 1y.
Viéc giam khong gian mau c6 ¥ nghia quan trong trong viéc tiét kiém bo nhé
luu trit mau, giam chi phi thu thap dit liéu, va gitp mo hinh dé dang cap nhat dir

liéu méi.

Vil



ABSTRACT

Modern power systems are forced to operate under highly stressed operating
conditions closer to their stability limits due to the rapid growth of electricity
demand. The power system operates in the event of unusual problems. These
problems damage the power system and can lead to system blackout. Evaluating the
transient stability of the power system in large oscillations caused by the incident,
traditional methods are ineffective. The need is to fast identify the unstable power
system for early warning, so that the opportunity driving power system into re-
stability state can be easier. The world is witnessing a strong rise of artificial
intelligence applied to the field of science and technology in the early 21st century
and in the coming time. In particular, artificial intelligence applications in the
diagnosis of power system stability are many scientists concerned. In study, the
author found that the artificial no-ron network application for the power system
diagnostics encountered a complex problem of data processing and classification
accuracy. From anayzing, the author proposed three specific issues to solve: feature
selection, sample reduction space, and improved classification accuracy.

Summary of theoretical and academic contribution of the dissertation:

1. Propose the process of building the feature set for dynamic power system
stability prediction. Successfully applied two reduction feature space
algorithms that are SFFS and FR. The tested results on IEEE 39-bus power
net showed that the SFFS algorithm gives better results than the FR method
because of its expanded search space.

2. Successfully applied Hybrid K-means algorithm in data mining of power
system stability, the test results show that the HK algorithm overcomes the
K-means disadvantage, improves the quality of clustering, and reduces the
sample space efficiently. Reducing the sample space, each cluster has a
representative center. This helps the model not increase memory capacity,
flexibility in updating knowledge, and improve data coverage.

3. With the approach presented in the thesis, the implementation process has
been clearly defined, which makes the model can completely expand to the
case of different large noises.

4. The problem of recognition in the thesis can be synthesized for the problem
of controlling the power system stability such as the load shedding control.

viii



5. Approach of builiding fast recognition method for dynamic power system
stability prediction is caused by faults. The selected features are variables
that characterize at fault-on mode of power system such as voltage drops in
the nodes, changes in active power flows in transmission lines, and nodal
active powers. The test results have high accuracy classification of the
stability status of the power system without solving the differential equation
as a traditional method.

6. The built intelligent recognition system can be used as a tool to assist
operators to develop control strategies in emergency situations, and a training
tool for handling situations based on incident scenarios.

7. Feature reduction space is significant in reducing the cost of sensor
measurement, simplifying the connection diagram, and helping the system to
work faster. Sample reduction space is important for the system to save
sample storage space, reduce data collection cost, and update data.
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Nguyén Ngoc Au

Chuong 1. MO PAU

1.1 TINH CAN THIET

Hé thong dién hién dai d6i mit cac thach thic méi véi rat nhiéu thay doi.
Dau tu ngudn phat khong dap tng kip nhu cau phat trién phu tai gay ap luc 1&n hé
théng dién phai van hanh gan gidi han 6n dinh. Trong khi d6, hé thong dién van
hanh ludn gap phai cac truong hop bat thuong nhu cit dién may phat, cat dién
duong day, gia ting tai dot ngot, cat may bién ap, va nguy hiém nhat 1a ngan mach
Xay ra, .... Cac sy cd ndy gay hai dén on dinh dong hé thdng dién va co thé dan dén
tan rd hé thong dién. Trén thé gisi da xay ra rat nhiéu sy c6 tan ra hé thong dién
nghiém trong gan lién voi sy mat 6n dinh cua hé thong dién va da gay ra nhiing
thiét hai kinh té vo cung to 1on. Hé théng dién on dinh 1a kha niang hé thong dién,
tir diéu kién van hanh ban dau, chiu dung dugc céc su cb bat thuong va tro vé
trang thai can bang sau su c6, tiép tuc duy tri lién tuc cung cap dién cho khéch
hang. Xir Iy qua trinh qua do trong hé thdng dién c6 maot gid tri rat quan trong dé
ning cao do tin cay va tinh 6n dinh ché d6 van hanh hé thong dién. Cac khé khin
trong viéc diéu khién ché do hé thdng dién lién quan dén tinh phuc tap cua ché do
diéu khién, kho khan trong mé ta toan hoc ciia qua trinh xay ra trong hé thong
dién. Dé danh gia tinh 6n dinh qua d6 cta hé thng dién phirc tap nhidu may trong
nhitng dao dong 16n do su ¢b gy ra, cac phuong phap truyén théng té ra kém hiéu
qua va khdng thuan loi, dic biét trong nhitng diéu kién bat dinh, thiéu théng tin va
yéu cau khic khe vé thoi gian giai. Vi vay, mot nhu cau I can hé thdng chan doan
nhanh mét 6n dinh dong hé thong dién nham canh béo som thi con co hoi dé dicu
khién dwa hé thdng dién tro vé trang thai 6n dinh. Ung dung cong nghé tri thirc
danh gia 6n dinh hé thong dién duoc nhiéu tac gia quan tdm va tap trung nghién
ctu trong nhitng nam gan day. Tuy nhién, ung dung cdng nghé tri thic gap phai

hai van dé kho khan anh huong dén do chinh xac nhan dang:

= Mot la: bién dau vao 16n dan dén tang chi phi do luong cam bién, va c6

nhitng bién du thira ¢d thé gay nhiéu khi hoc.
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= Hai la: dir liéu mau 16n gay nén rat ton kém chi phi thu thap dir liéu, ting

b6 nho luu trilr, gay kho khan khi hoc.

CA4c van dé trén anh huong dén do chinh xac nhan dang cho mé hinh {ng
dung hé thdng théng minh nhan tao. Vi vay, nghién ctu chon bién dic trung va
mau dai dién, cling nhu nghién ciru xay dung md hinh nhan dang thong minh trong
chan doan 6n dinh dong hé théng dién trén co s& mang no-ron nham nang cao do
chinh xac 1a rat can thiét. D6 ciing 13 dong co dé Nghién ciu sinh chon dé tai
nghién ctu “Hé théng nhan dang théng minh chan doan nhanh 6n dinh déng

hé théng dién’.

1.2 MUC TIEU CUA LUAN AN

= Nghién ctru cac phuong phap giam kich thudc khong gian dir lidu.
= Xay dung hé théng nhan dang thdng minh dua trén co s& mang no-ron cai
tién c6 kha ning chan doan nhanh 6n dinh dong hé thong dién véi do chinh

Xac cao.

1.3 POI TUONG VA PHAM VI NGHIEN CUU
= Pobi twong nghién cau:

- Nghién ctru quy trinh x4y dung hé thong théng minh chin doan 6n dinh
dong hé thong Gmg dung k¥ thuat khai pha dit liéu va cong nghé thong
minh nhan tao véi do chinh xac cao.

- Panh gia hiéu qua cta phuong phap dé xuat trén hé thong dién chuan
IEEE 39-bus.

= Pham vi nghién ctu:

Pé tai tap trung nghién ciu Gng dung tinh toan théng minh nhan tao,
khai pha dir liéu vao giai quyét van dé chan doan nhanh 6n dinh dong hé
thong dién do cac sy cb gay ra. Pham vi nghién ciru tap trung vao cac van
dé sau:

- Nghién cau giam khong gian bién.

- Nghién ctru giam khéng gian mau.

2
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Nghién cru cai tién md hinh mang no-ron nham ning cao d6 chinh xac

nhan dang.

1.4 CACH TIEP CAN VA PHUONG PHAP NGHIEN CUU

Nghién ctru céc tai liéu, cac bai béo, cac sach vé chan doan 6n dinh hé
théng dién.

Nghién ctru phuong phap chon bién hay giam khong gian bién.

Nghién ctru phuong phap giam khong gian mau.

Xay dung hé thong nhan dang théng minh duya trén co sé mang no-ron,
khai pha dir liéu.

Danh gid phuong phap dé xuét trén so do ludi dién chuan IEEE 39-bus.

Nghién ctru véi sy tro gitip ciia cac phan mém Matlab, PowerWorld.

1.5 DPIEM MOI VE MAT KHOA HOC CUA LUAN AN

DPé xuit quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh
dong hé thong dién. Gigi thiéu va ap dung thanh cong hai giai thuat
chon bién, SFFS va FR, vao giam khdng gian bién mot cach hiéu qua.
Két qua Kiém tra trén so d6 IEEE 39-bus, giai thuat SFFS cho két qua
chon bién t6t hon phwong phap FR nho vao mé rong khong gian tim
kiém cua no.

Ap dung thanh cong giai thuat giam khéng gian mau K-means lai
(Hybrid K-means — HK), cai tién tir giai thuat phan cum dit liéu noi
tiéng K-means, khai pha di liéu on dinh dong hé thong dién. Két qua
kiém tra cho thiy giai thuat HK da khic phuc dwoc nhugc diém giai
thuat K-means, gilip nang cao chat lugng phan cum dix liéu, giam khong
gian mau maot cach hiéu qua. Viéc giam khong gian mau lam cho moi
nhém mau con ¢ mot tam dai dién. Piéu nay co y nghia rat quan trong
1a 1am cho mo6 hinh khong ting dung luong bo nhé luu trir mau méi,
linh hoat trong viéc cap nhat lam giau tri thac mai, va giup mé hinh

nang cao kha ning bao phu di lidu, thich nghi véi mau méi rat cao.
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Dé xuat quy trinh xay dung hé théng nhan dang théng minh chan doan
nhanh 6n dinh d6ng hé théng dién dya trén co sé mang no-ron, khai pha
dir liéu. Luan an da phat trién thanh céng md hinh mang no-ron song
song cai tién cho bai todn nhan dang 6n dinh dong hé théng dién. Mo
hinh d& xuit dat duoc muc tiéu quan trong 13 nang cao d6 chinh xéc
phan 16p. V&i cach tiép can trinh bay trong luan an, cac khau thuc hién
d3 dugc quy trinh hoa, diéu nay gip md hinh nhan dang hoan toan co

thé mo rong cho cac trudng hop nhiéu 16n khac nhau.

Bai toan nhan dang trong dé tai co thé tong hop cho bai toan diéu khién

6n dinh hé thong dién chang han nhu diéu khién sa thai phy tai.

1.6 Y NGHIA THUC TIEN CUA LUAN AN

Xay dung céch tiép can nhan dang nhanh trang thai 6n dinh dong hé
thong dién khi c6 su ¢d ngan mach nghiém trong xay ra chi dya trén céc
bién dau vao 1a d6 thay d6i cong suat tac dung tai, do thay doi cong suat
tac dung trén cac nhanh, va d6 sut dién &p tai cac nit. Két qua kiém tra
cho @6 chinh xac nhan dang cao Vé trang thai 6n dinh hé théng dién ma

khong can giai hé phuong trinh vi phan nhu phuong phép truyén thong.

Hé thong nhan dang thong minh duoc xay dung c6 thé duoc s dung
nhu cong cu tro giup cac diéu do vién dé ra chién luoc diéu khién trong
nhitng tinh hudng khan cap, va huan luyén cac diéu do vién hé thong
dién xir ly cac tinh hudng dua trén céc kich ban su cd.

Viéc giam khong gian bién co y nghia rat 16n trong viéc giam chi phi
thiét bi do luong cam bién, don gian hoa so ¢ dau néi, va gidp hé théng
tang téc do xur ly. Viéc giam khéng gian miu c6 ¥ nghia quan trong
trong viéc tiét kiem bo nhd luu trir mau, giam chi phi thu thap di liéu,

va giup mo hinh dé dang cap nhat dit liéu.

1.7 BO CUC CUA LUAN AN

Bé cuc caa luan an bao gdm 7 chuong:

Chuong 1. M¢ dau
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Chuong 2. Tong quan tinh hinh nghién citu danh gia 6n dinh hé thong dién
Chuong 3. Céng nghé tinh toan théng minh

Chuong 4. Lya chon thdng s6 dic trung cho hé thong nhan dang théng minh

trong chan doan 6n dinh dong hé théng dién.

Chuong 5. Xay dung hé théng nhan dang thong minh trong chan doan nhanh
6n dinh dong hé théng dién

Chuong 6. Ung dung mé hinh mang no-ron cai tién chan doan 6n dinh dong
hé thong dién IEEE 39-bus

Chuong 7. Két luan
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Chuong 2. TONG QUAN TINH HINH NGHIEN CUU
PANH GIA ON PINH HE THONG PIEN

2.1 TONG QUAN

Hé théng dién van hanh luon d6i mat véi cac truong hop bt thuong nhu cat
dién mot may phét, cat dién dudng day, gia tang tai dot ngot, cit may bién ap, va
nguy hiém nhat 1a cac trudng hop ngan mach. Cac sy ¢b nay gay hai nghiém trong
dén 6n dinh hé théng dién va trén thé gioi da chang kién nhiéu vu tan ra hé thong
dién [1]-[3]. X 1y qua trinh quéa do trong hé thong dién c6 mot gia tri rat quan
trong dé ning cao d tin cdy va tinh 6n dinh ché d6 van hanh hé thong dién. Cac
kho khin trong viéc diéu khién ché do hé théng dién lién quan dén tinh phuc tap
cua ché do diéu khién, kho khin trong mé ta toan hoc cta qua trinh xay ra trong hé
thng dién. Péanh gia tinh 6n dinh qua do cta hé théng dién trong nhitng dao dong
I6n do su cb gay ra, cac phuong phap truyén théng to ra kém hiéu qua va khong
thuan loi, dic biét trong nhirng diéu kién bat dinh, thiéu thdng tin va yéu cau khic
khe vé thoi gian giai. Trong khi, ché do qua do dao dong 16n do sy cb gy ra can
phai xtr 1y nhanh thi con co hoi diéu khién dwa hé thdng tré vé trang thai on dinh.
Su trdi day manh mé cua tri thdng minh nhan tao va tng dung vao linh vuc khoa
hoc céng nghé trong nhitng nim dau thé ky 21 va thoi gian sap toi. Vi vay, tng
dung c6ng nghé méi noi, tinh toan thdng minh nhan tao, vao chan doan 6n dinh hé
thng dién [4] 1a huéng nghién ctu hién dai, duoc nhiéu nha khoa hoc quan tam.
T6m lai, phuong phap tinh toan théng minh nhan tao c6 kha ning giai quyét bai
toan rat phic tap trong phan tich on dinh dong hé thdng dién [5], [6]. Pay ciing 1a

dong co dé tac gia thuc hién luan &n nay.

2.2 ON PINH PONG HE THONG DIEN

2.2.1 Céc ché do 1am viéc hé thong

Céc ché @6 lam viéc cua hé thong dién duoc chia 1am 2 loai chinh: ché do

xéc lap va ché do qua d6 [7].
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Ché do xéc 1ap: 1a ché do trong d6 cac thong sb cua hé thong khong thay

d6i hoidc thay ddi trong nhitng khoang thoi gian twong ddi ngan, chi bién thién nho
xung quanh cac tri sé dinh muc, 1a ché do binh thuong va lau dai cua hé thong
dién, con duogc goi la ché d6 xéc 1ap binh thuong. Ché d6 sau sy ¢ hé théng dugc
phuc hdi va 1am viéc tam thoi ciing thudc vé ché do xac lap, ma con dugc goi la

ché @6 xac lap sau sy cd.

Ché d6 qua do: la ché do trung gian chuyén tir ché do xac 1ap nay sang ché
d6 xéc lap khac. Ché do qua do6 thuong dién ra sau nhiing su ¢b hoic thao tac dong
cat cac phan tor dang mang cong suit ma thudng duoc goi 1a cac kich dong lon.
Ché d6 qua d6 duoc goi la ché d6 qua do binh thuong néu no tién dén ché do xac
lap méi. Trong truong hop nay cac théng sé hé thong bi bién thién nhung sau mot
thoi gian lai tre vé tri s6 gan dinh mac va tiép theo it thay doi. Nguoc lai, c6 thé
dién ra ché 4o qua do vai thong sé hé théng bién thién manh, sau d6 ting truong

vO han hoic giam dén 0. Ché d6 qua d6 do duogc goi 1a ché do qua do su cb.

Diéu khién

i Trang thai canh bao ngan chan

Diéu khién

Mit dién (mdt phan . X X
Trang thai khan cap khan cap

hoac toan bd)

____________________________

Hinh 2.1 Trang thai cac diém van hanh cta hé théng dién
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Hinh 2.1 trinh bay qua trinh thay ddi cdc trang thai van hanh cua hé thong
dién [8]. Qua d6 cho thiy trang thai van hanh cta hé thong dién ludén phai duoc
theo doi danh gid mdt cach lién tuc dé dam bao van hanh tin cay, va co bién phap

diéu khién can thiép kip thoi néu tinh hudng x4au xuét hién.
2.2.2 On dinh h¢ thong dién

On dinh hé thong dién dé cap dén kha ning cua cac mdy phat dién dich
chuyén tir mot trang thai van hanh xac 1ap nay dén trang thai van hanh xac lap
khac sau khi bi kich dong ma khéng mat ¢éng bo, cd hai loai 6n dinh hé théng
dién : 6n dinh tinh va 6n dinh dong [7], [9]. On dinh tinh 1a kha ning cua hé thong
sau nhiing kich dong nhé phuc hoi duoc ché d6 ban dau hodc rat gén véi ché do
ban dau. On dinh dong 14 kha niang cua hé thng sau nhiing kich dong 16n phuc hdi
dugc trang thai van hanh cho phép ban dau hodc gan trang thai van hanh cho phép

ban dau.

Trong [10], [11] 6n dinh hé théng dién duoc phan loai theo IEEE/CIGRE
gdm: on dinh goc rotor, 6n dinh tin s6 va on dinh dién ap. Phan loai 6n dinh hé
thdng dién dugc trinh bay nhu Hinh 2.2. On dinh dong 1a 6n dinh goc rotor hay
khéng 6n dinh goc rotor sau dao dong 16n hay su ¢ nghiém trong ching han nhu

ngan mach ba pha.

On dinh hé thong dién

On dinh gbc rotor On dinh tan sb On dinh dién 4p

On dinh gobc On dinh On dinh dién On dinh dién
rotor sy ¢O nho qua d6 ap su ¢b nho ap su co lon
Ngén han Ngén han Dai han Ngén han Dai han

Hinh 2.2 Phan loai 6n dinh hé thdng dién theo IEEE/CIGRE

8
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2.3 CAC PHUONG PHAP PHAN TiCH ON DINH DPONG HE THONG DIEN
Phan tich 6n dinh dong hé théng dién 1a xem xét kha nang hé théng dién
chuyén sang lam viéc on dinh & trang thai xac 14p méi sau dao dong 16n. On dinh
qué do do dao dong 16n gay ra nhu sa thai may phat, sa thai phu tai, m¢ duong day
hodc do sy ¢6 ngin mach, nghiém trong nhat 13 ngin mach ba pha. Cac dao dong
16n gdy ra mat can bang cong suat co dau vao va cong suat dién ra ctia may phat.
Khi d6, 1am cho ro-to cac may phat dao dong voi may phat khac va gay pha vd 6n

dinh hé thong dién.

C6 nhiéu phuong phap phan tich 6n dinh hé théng dién. Trong phan nay trinh
bay bon phuong phap 4p dung khao sat on dinh dong hé thdng dién: phuong phap
tich phan sb, phuong phap dién tich, phuong phép truc tiép, va phuong phap mo

phong theo mién thoi gian.

2.3.1 M® hinh toan hoc hé thong dién nhiéu may
Hanh vi dong cua may di¢n phat di¢n dugc mo ta theo phuong trinh vi phan

sau [7], [9], [10]:

d?s,
TP _P. 2.1
1 dt2 mi el ( )
do,
haed R 2.2
a (2.2)
Thay (2.2) vao (2.1), khi d6 (2.1) tro thanh (2.3):
M 3% _p _p (2.3)

1 dt mi el
Trong d6: §; 13 gdc clia rotor ciia may phat thu i; o;: 1a téc dd gbc cia ro-to
may phat thir i; P cong suat co ciia may phat thir i; Pgi: cong suat dién ciia may

phat thir i; M;: m0-men quan tinh cia may phat thi i.
2.3.2 Phuong phép tich phéan s6

Trong phan nay giGi thiéu hai phuong phép tich phan s6 1a phuong phép Euler
va Phuong phap Runge-Kutta [7], [9], [10].

* Phuong phap Euler:
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Cho phuong trinh vi phan:
dx/dt=f(x,t)
O budc tich phan tht n+1:

X1 = X H(AX/AD) AL = X, +H(X,).AtL (2.4)

* Phuong phap Runge-Kutta: ’
Phuong phap Runge-Kutta bac 4 sir dung bi€u thirc phuc tap hon:

Xn+1 = Xpt1/6 (K1t 2Ko+2Kat Ky) (2.5)
O day: ky = f(x, t,) .At;

K, =f(Xnt+ Ki/2, t,+At/2) At;

ks =f(Xnt+ Ko/2, 1,:AL/2) At;

Ky =f(Xpt kg th.At/2) At

Phuong phap tich phin sé cho két qua kha chinh x4c. Tuy nhién, trong

phuong phép tich phan s can cha ¥ van d¢é sai sb tich luy trong cac bude giai. Két
qua nhan duoc tir phuong phéap tich phan sb s& 1a tri s6 cac goc 1éch 3(t) & nhiing
thoi diém khac nhau. Néu két qua tinh toan du dai thi & moi thoi diém co 8(t)
<180° thi qu4 trinh qua do én dinh, néu 8(t) >180° thi qué trinh qua do khong én
dinh [7], [12], [13]. Ciing c6 thé bang quan sét truc quan dang dudng cong (t) dao

dong tat dan hay tang truéng v6 han dé két luan dic trung 6n dinh cua hé théng

nhu Hinh 2.3.

On dinh Khong 6n dinh

s S

mom] - foobo bbb bbb

20000 - 4= - bk

mom |

T
o1 224 5 6 7 2 921011712192 115

Hinh 2.3 Buong cong dao dong 5(t)

10
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Trang thai 6n dinh cua hé théng dién danh gia theo luat nhu sau:

Néu ;< 180° thi ‘On djnh’
q (2.6)
Néu &; > 180° thi ‘Khong on dinh’

2.3.3 Phuong phap dién tich
Phuong trinh chuyén dong ro-to cua hé thong dién don gian [7], [9], [10]:

a

d’s P,-P. P

2
dt T, T, 2.7)
P, 12 cong sut ting tc.

d3d% P, dd

2% 9 2.8
dt dt* T, dt (28)

d ds., d,2° dd 2
— () =—(=|Pds) =—= |[(= | Pdd)+C 2.9
th(dt) dt(TM[ 209) dt (TJ!O 209) (2.9)

Véi C 1a hang s6 tich phan, C = 0 khi d/dt=0 va & = &, trong d6 8, la goc
ré-to trude khi co nhidu. Do d6 diéu kién can thiét dé hé 6n dinh 13 ton tai mot goc

o sao cho:

5 B
(- [P,d3)=0
1'% (2.10)
Hé thdng s& 6n dinh néu dién tich dudi P, giam t&i khong tai mot gia tri ndo
d6 cia & (hay dién tich ting tdc bang dién tich ham tc) nghia 1a phan dién dwong

bang dién tich am.

Gidi han cua phuong phap: Déi véi HTD 16n do c6 nhiéu may phat tuong

tac phirc tap trén hé thong thi tiéu chuan dién tich s& khong con phu hop.

2.3.4 Phuong phép truc tiép
Phuong phép truc tiép bo qua khau giai hé phuong trinh vi phan duoc trinh
bay trong tai liéu [10]. Dbi v6i mot HTP quan hé giita vector dong dién va vector

dién 4p cua may phat dugc dugc mo ta phuong trinh sau:

11
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ls =Y:Es (2.11)
Trong do: Yg la ma tran téng dan nut rat gon; Eg, lg 1an luot 1a vecto dién

ap va dong dién cua cac may phat.
Véi mot hé théng co6 n may phat, cong suit tic dung cung cip bdi may phat

thtr 1 dugc cho boi:

E =E 5,
(2.12)

Va tong dan:
Yy =G, + J.B; (2.13)

Véi hé thong n may phat, cong suat tic dung dugce cung cap boi may phat

thir 1 duoc cho boi:

P =Re(E ;) =ReE, [JZ; yij 'EJ ] (2.14)

=E’G; + Y E.E; | Bysin(3, - 8;)+G; cos(3, - ) |
E
Vi tri tdm cua quan tinh géc (Centre of Inertia-COI) COI dugc xac dinh

theo phuong trinh:

Scon =Hi2Hi5i (2.15)
T il

Trong d6: Hy 1a tong cac hang sb quan tinh cla tit ca cac may phat trong hé

thdng, &; 1a goc 1éch roto ciia may phat thtr i. Chuyén dong ciia COI duogc xéac dinh boi:

2H; p(Awg ) = Peg = Zn:(P'mi -F) (2.16)

Trong do:

12
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Pnflmi = Pm - EiZGii

P = Zn: I:Cij Sin(Si _8j)+ Dij (Si _Sj):l

= (2.17)
C,, =E,E,B,
D,, =E,E,G,

Véi: Pl cong sudt co cua may phat thir i; o 12 toc do dong bo tinh bang rad/s;

Awcor 14 su thay d6i toc do caa COI quanh téc do dong bo.

Su chuyén dong ctia may phat thir i theo COI ¢6 thé duge biéu dién nhu sau:

6, =0, — O, (rad) (2.18)
Va o =0 =(Q-cho,](pu) (2.19)
(20 (2]

Ham ning luong V biéu dién téng ning luong qua do cuia hé thong sau khi xay ra

su cO duogc xac dinh:

VRS SRR o). (6, -65)
2 i=1 i=1

n-1 n 0;+0; (220)
izl“jiicu (coseij —c0s 6} )—eﬁj.es D, cos6,d (ei +6, )}

Trong dé: 6;° 1a goc ¢ nit thir i tai diém can bang 6n dinh va tai thoi diém sy
cd; Ji = 2Hiwo 12 mémen quén tinh caa may phat thir i (don vi trong d6i).
Ham ning lugng bao gdm 4 thanh phan sau:
a) %ZJiwf . biéu dién su bién do6i dong nang ro-to clia tat ca cac
may phét trong hé quy chiéu caa COl.
b) 3Py (6, —67): biéu di&n sy bién dbi thé ning ro-to cua tt ca cac may
phat trong co s¢ COl,

¢) 33 ¢, (cos8, —cos6; ): biéu dién sy thay dbi nang luong tir tich trix

trong tat ca cac nhanh caa hé thng.

13
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d) ZZID“ cosg;d 6’ +0, ) biéu dién su thay ddi cia ning lugng tiéu
tan trong tat ca cac nhanh cua hé thng.

Thanh phan trong muc (a) duoc goi 1a dong ning (Vi) va la ham duy nhat
theo tdc do cua cac may phat. Téng 3 thanh phan & cac muc (b), (¢), (d) duoc goi l1a

thé niang (V) va 12 ham duy nhat ctia goc cac may phat.
Céc budc tinh toan danh gia 6n dinh qua do:
1.Tinh toan nang lugng téi han (\Vcr).
2.Tinh toan ning luong tong cua hé théng tai thoi diém giai trir su ¢ (Vel).
3.Tinh chi sb 6n dinh: (Ver — Vel).
4. Panh gia: hé thong sé& on dinh néu chi s6 6n dinh duong.

Gidi han cta phuong phap: Phuong phép truc tiép hay phuong phap ning
lugng tinh toan 6n dinh hé thong dién c6 vu diém 13 bo qua khau giai hé phuong

trinh vi phan nhung cin nhiéu tinh toan dé xac dinh chi s6 6n dinh qua ds.

2.3.5 Phuong phap mo phong theo mién thoi gian

Phén tich 6n dinh dong cho mot hé thong dién dic biét dbi voi hé théng dién
nhiéu may 13 mot bai toan khé va rat phirc tap. Phuong phap phan tich 6n dinh cho
hé thong dién nhiéu mdy bang mo phong khong can phai bién d6i twong duong
thanh hé thong mot may ndi voi hé théng vo cung 16n. Phuong phap nay duoc
phan tich dua trén goc 1éch cua cac may phat so v6i may phat chuan dé tir 6 co
thé xac dinh dugc hé thong 1a 6n dinh hay mat 6n dinh. Khi hé thong bi kich dong
bai cac nhiéu 16n thi tat ca cac thong sb va trang thai cua hé thong ciing thay doi
theo. Cac thong s6 dau vao thuc hién cho qué trinh phén tich chinh 13 cac két qua
ctia bai toan phin bd cong suét va cac két qua nay khong thé duge tinh toan mot

cach truc tiép ma phai thuc hién tinh nhiéu budc lap.

Bang phuong phap md phong mién thoi gian, qua trinh mé phong duoc lap di
13p lai nhiéu 1an cho dén khi goc 1éch ctia mot trong cac may phat so véi may phat
chuén 1 ting v6 han thi qua trinh lip s& ding lai va khi d6 xac dinh duoc thoi gian

cit toi han. Thoi gian cat toi han CCT (Critical Clearing Time) 1a thoi gian cat sy

14
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cb ti da cho phép dé hé thdng dién van giit duoc 6n dinh, twong tng véi d6 1a goc

cong suat cat téi han.

2.4 CAC NGHIEN CUU KHOA HOC LIEN QUAN

Phuong phap mién thoi gian ton nhiéu thoi gian giai so v6i phwong phép truc
tiép [14], [15]. Phuong phap truc tiép hay phuong phap ning luong, phuong phap
dién tich bé qua khau giai hé phwong trinh vi phin nén c6 vu diém hon phuong
phap mé phong mién thoi gian, nhung cac phuong phap nay trd nén phire tap khi
xem xét dén mo hinh chi tiét cua cac phan tir, so d6 16n nhiéu may [15]-[18].
Phuong phap mé phong mién thoi gian cho két qua chinh xac trong phan tich 6n
dinh qua do hé thong dién, nhung tré ngay 16n nhat cia phuong phap nay 1a van
dé thoi gian giai [14]. Nhu vay, cac phuong phép truyén thong khong dap tng yéu
cau vé thoi gian trong ché do diéu khién khan cap. Cac qua do dao dong 16n do su
¢ gay ra mat 6n dinh can phat hién nhanh giup dua ra quyét dinh diéu khién khan
cAp nham tranh hién tuong tan rd ludi dién. Sa thai phu tai dwoc xem 1a mét trong
nhitng phuong phap duoc ap dung trong cac tinh huéng khan cap gilp tranh mat
6n dinh. Céc nghién ctu sa thai phu tai sir dung ro-le duéi tin sé (UFLS) nham
ngan ngira tan sd giam sau sau khi sy ¢d xay ra, va khéi phuc tan sé vé gia tri cho
phép [19], [20]. Do tinh phirc tap ctia HTD cho nén trong ché do diéu khién khan
cap viéc tinh toan gap kho khin vé mat thoi gian, hodc viéc phai sa thai phy tai
mot cach thu dong sau khi tan sé giam xuong dudi gia tri nguong cho phép, véi
nhiéu budc thuc hién [21], didu nay gay cham tré trong viéc ra quyét dinh din dén
mat 6n dinh HTD. Pé t6i uvu hoa lwong cong suat sa thai phu tai, tinh toan nhanh
trong diéu khién thi cac phuong phap tinh toan théng minh thé hién sy vu diém
vuot troi so vai phuong phap truyén thong [3]. Trong [22], tac gia dé nghi 4p dung
mang no-ron nhan tao (ANN) dé danh gia 6n dinh dién ap véi tin hiéu dau vao 1a
gia tri dién ap va goéc pha dién ap duoc do lwong tir thiét bi PMU (Phase
Measurement Unit). PMU Ia thiét bi do luong c6 kha ning giam sat thoi gian thuc
hé théng dién. Trong trudng hop yéu cau tinh toan nhanh thi cong nghé tinh toan
théng minh cu thé 1a mang no-ron nhan tao cung cap giai quyét van dé mot cach

hiéu qua, nhanh, va chinh xac cho bai toan phi tuyén cao [6], [23]-[25]. Trong
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nhitng nim gan day, nhiéu nghién ctru tng dung mang no-ron nhan tao dé xay
dung hé thdng thong minh chin doan 6n dinh hé thong dién [26]-[30]. Pé xay
dung hé théng thong minh thi thong tin ban dau vé ché do va so dd duoc xu ly
treéc, viée chan doan truc tiép ché do 6n dinh hé théng dién duoc xac dinh nho
vao khau trich xudt tri thirc hay hoc quan hé vao ra thich hop theo nhiing thong sé
vé ché d6 binh thuong va sy ¢, ma khéng can giai hé phuong trinh vi phan mé ta

hé théng.

Trong nghién ctru on dinh quéa do c6 hai van dé quan trong can quan tam la
danh gia 6n dinh va chan doan 6n dinh. Chi s6 quan trong can tim trong danh gia
on dinh hé théng dién theo truyén théng la CCT. Trong chan doan on dinh hé
thong dién thi chi s6 CCT khong can quan tim, cdu hoi mau chét can tra 101 & day
1a sau dao dong qua do két qua chan doan hé thong dién ‘6n dinh’ hay ‘khéng on
dinh’ [25], [26], [31], [32].

Trong cac bai bao [26], [27], [33]-[36], cic tac gid dd dé nghi Gng dung
ANN danh gia on dinh hé thong dién vdi két qua dau ra 1a chi s6 CCT. Trong cac
bai bao [26], [32], [37]-[40], c4c tac gia da dé nghi ung dung k¥ thuat nhan dang
dé chan doan 6n dinh hé théng dién v6i két qua dau ra 1a ‘6n dinh’ hay ‘khong 6n

dinh’. Bién dau vao 1a bién trang thai cac ché do hé thong dién.

Pénh gia 6n dinh hé thong dién theo chi s CCT thi tir so dd hé thdng dién
thuc hién mo6 phdng off-line dé tim CCT, qua do6 thu thap duoc tap co sd dir ligu
dé huan luyén mang no-ron. CCT 1a gia tri quan trong dé cin ctr vao do cai dit,
chinh dinh thiét bi bao vé. CCT ciing dugc sir dung dé xac dinh gia tri bién vé thoi
gian On dinh hé thong dién, chi s6 bién thoi gian 6n dinh [27], [33]. Trong danh
gia qua do hé thong dién theo chi sé CCT thi con thong s6 quan trong xem xét la
thoi gian cit sy ¢6 FCT (Fault Clearing Time). Néu CCT>FCT thi hé thong on
dinh, néu FCT>CCT thi hé thong khong 6n dinh [10], [27].

Chén doan 6n dinh dong hé thong dién voi két qua dau ra 1a ‘6n dinh’ hay
‘khong 6n dinh’ [26], [37]. M6 phong off-line dé tao co s& dir liéu huan luyén cho

mo hinh nhan dang. Trong mé phong off-line, két qua dang song goc dong bo giira
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cac may phét 16n hon 180° tirc hé thdng dién khong on dinh, nho hon 180° tirc hé

thong dién 6n dinh.

Trong chan do4n 6n dinh hé thong dién, bién duoc lwa chon chtra thong tin ¢

hai ché do: mot 1a ché do tién su ¢d (pre-fault) va hai 1a ché do sy cb (fault-on).

Bién tién sy cb 1a bién chira thong tin ché do hé thdng dién van hanh binh
thuong, hay 1a bién chta thdng tin hé thong dién & trang thai xac lap. Cac bién nay
gom cong suat cac may phat, cong suat trén cac duong day, dién ap cac bus, cong
sudt CAC tai,... Bién tién sy c6 duoc lya chon cho truong hop chan doan mang tinh
phong ngira véi cac trudng hop su ¢b gia dinh xay ra. Két qua dau ra cua dénh gia
6n dinh hé thong dién vai dang bién nay gitp cung cap thong tin dé ra quyét dinh
diéu khién ngan chin (preventive control). Van d& ndy duoc ap dung trong [26],

[37] thudc vé bai toan chan doan an ninh hé théng dién.

Bién su c6 13 bién chtra thdng tin trang thai sy ¢b cua hé thdng dién nhu do
sut dién &p tai cac nat, do thay ddi cong suat trén cac nhanh, do thay doi cong suat
C4C tai, d0 thay doi cong suat cac may phat, do thay doi cac goc phat,... Bién sy ¢b
khac bién tién su ¢6 ¢ dic diém 1a n6 vira mang thong tin caa ché do xéc 1ap hay
tién sy ¢, va vira mang théng tin caa ché do sy cd. Trong chan doan véi bién sy
cb thi két qua dau ra cho biét trang thai 6n dinh sap t6i cia hé thong dién do sy ¢6
gy ra 1a “on dinh’ hay ‘khong 6n dinh’. Van dé nay 4p dung trong [32], [38]-[41]
1a thudc vé bai toan chan doan 6n dinh dong hé théng dién. Két qua dau ra caa
chan doan 6n dinh hé thong dién vai dang bién su ¢ gitp cung cip thong tin dé ra

quyét dinh diéu khién khan cap (emergency control).

Cac nghién ctru chan doan on dinh som, bién tién su cb, su cb chua hoic
khong xay ra, co ¥ nghia 1 két qua chan doan nham canh bao trudc dé giap diéu
khién ngan chan voi tinh huéng X4u gia dinh co thé xay ra, thuc chit su ¢d co thé
khong xay ra. Huéng nghién cttu chan doan véi bién tién sy cb thuong tap trung
giam sat & mot vai duong day mang tai 16n gan gigi han 6n dinh cua hé thong
dién, hay cac duong day lién két gitta cac vung dia Iy khac nhau, hay mot hoic

nhom may phat v6i nhom may phat con lai trong hé thong dién. Két qua chan doan
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nay co thé gilp cac nha van hanh hé théng dién diéu chinh lich trinh phat, dua ra
chién lugc diéu khién van hanh cua cac nha may dién mot cach an toan, han nhién
la phai chap nhan ton that chi phi cho viéc diéu chinh ndy mic du su ¢ cd thé
khong xay ra & ché do van hanh tai thoi diém d6 [37], [42], [43]. Tuy nhién, su cb
xay ra & nhiéu vi tri khac nhau trén hé thong dién ¢ cac muc tai khac nhau van gay
ra mat 6n dinh dong nhu ngin mach tai cac bus, cac bus ngay may phat dién tir
nha may dién va mot s dudng day khac nhau. Trudng hop nhu vay 1a vo cing
nguy hai dén 6n dinh hé thdng dién va 1a nguyén nhan dan dén tan ra luéi dién néu
khong phat hién kip luc. Viéc phat hién nhanh mét 6n dinh hé théng dién do su ¢b
gay ra nham c6 chién luoc diéu khién khan cip dé dua hé théng dién tré vé trang
thai 6n dinh, ciu hé thong dién khoi nguy co tan rd luéi. Pay la cac trudng hop
nghién ctu cho bai todn chan doan 6n dinh dong dugc cac tac gia cong bé trong
cac bai bdo [43]-[46].

Hé théng nhan dang thong minh (Intelligent System-IS) can thong tin dic
trung quan trong lam di liéu dau vao, viéc giam khdng gian dir liéu dau vao gilp
cho hé thdng xir ly dix liéu mot cach nhanh chéng, chinh xac , [34], [44]. Bé giam
chi phi tinh toan, chi phi do lwdng cam bién, cai thién tinh ning hé théng nhan
dang thi s6 bién dau vao cang it cang t6t nhung d6 chinh xac phai cao, dat gié tri

ky vong.

Vé van dé giam khéng gian bién duogc tac gia quan tm nghién cau véi nhiéu
cong trinh cong bd. Trong [37], [48], [49] &p dung chuan Fisher, trong [37], [50]
&p dung chuan Divergence dé chon bién. Tuy nhién, van dé giam khéng gian mau
cho bai toan chan doan on dinh HTD van con la khoang tréng. Véan dé nhan dang
on dinh qua do HTD dbi mat véi van dé kho khan vé kich thude dir liu 16n va
phtrc tap. Viéc thu thap va luu trir tat ca moi mau la khéng kha thi. Van dé dat ra 1a
chon nhiing mau dai dién cho khéng gian mau nham giam ganh nang thu thap di
liéu, cling nhu tiét kiém tai nguyén bo nhg may tinh, giam chi phi va nang cao d6

chinh xac nhan dang trong chan doan can quan tdm nghién cttu giai quyét.
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Trong nhirng ndm gan ddy rat nhiéu nghién ctu tap trung vao hudng nghién
ctru ing dung cong nghé tinh todn théng minh nhan tao chan doan 6n dinh hé
théng dién [40]-[43]. Trong [29] tac gia di 4p dung mang no-ron nhan tao dé danh
gid 6n dinh dién &p. Trong [51] mang no-ron nhan tao duoc dé xuat 4p dung dé
ngan chan tan ra ludi dién trong mang mirco-grid. Bai b&o nay t4c gia ciing chi ra
ANN moét khi dd duoc huin luyén xong thi cho dap ¢ng nhanh, hiéu qua trong giai
quyét van dé 6n dinh hé théng dién. Tuy nhién, bai bao nay chua dé cap dén van
dé giam khdng gian bién va khong gian mau. Trong [52], bai bao da dé nghi &p
dung Vec-to hd trg may (SVM) va cay quyét dinh (Decision Tree —DT) chan doan
6n dinh HTD. Trong cdng bb ndy nhém tac gia da giéi thiéu cac nhom bién va bo
phan 16p két hop SVM va DT vao danh gia 6n dinh qua do hé thong dién. Trong
[29], nhdm tac gia chi ra rang chién lugc hé théng théng minh (1S) 1 tiép can
thanh cong trong danh gia 6n dinh hé thdng dién thoi gian thuc. Trong cong trinh
nay, cac tac gia da ap dung giai thuat Relief dé chon bién va giai thuat nay ciing da
dugc céc tac gia da cong bd trude d6 [37]. Bai bao [37] ciing 1a cong trinh gidi
thiéu quy trinh chon bién mét cach tong quét, va giéi thiéu tiép can van dé chon
bién mot cach c6 hé théng. Trong [3], c4c tac gia ciing phén tich chi ra kha ning
tinh toan nhanh caa céng nghé tinh toan thong minh trong diéu kién khan cap, qué
trinh xay ra nhanh va phuc tap trong hé thong dién. Trong [53], [54] da ap dung
DT trong danh gia 6n dinh hé thong dién.

Bai bao (XII), tdc gia da ap dung fuzzy-AHP (fuzzy-analytic hierarchy
process) dé xay dung nhém chién lugc sa thai phu tai c6 xét dén tam quan trong
cua phy tai 1am giam thiét hai vé mat kinh té. Tuy nhién, do tinh phic tap cua
HTP cho nén trong ché do diéu khién khan cip viéc tinh toan gip kho khin vé mat
thoi gian, hoic viéc phai sa thai phu tai mot cach thu dong sau khi tan sé dudi
ngudng cho phép, diéu nay gay cham tré trong viéc ra quyét dinh dan dén mét 6n
dinh HTD. Trong cong trinh (IX) tac gia da dé nghi phdi hop mang than kinh nhan
tao va giai thuat AHP, trong (X) &p dung fuzzy-AHP cho truong hop diéu khién sa

thai phu tai khan cap. Bai béo (VI111), tAc gia da dé xuat chién luoc sa thai phu tai
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trén co s& nhan dang nhanh ché do khéng 6n dinh HTD ung dung mang than kinh

nhan tao.

T6m lai, cac cong trinh cong b lién quan dén nhan dang 6n dinh hé théng
dién trong nhitng nim gan ddy da chi ra cdng nghé tinh todn thdng minh nhan tao,
ky thuat may hoc cho kha nang tinh toan nhanh, chinh xac, va kha nang khai pha
tiém ning thong tin hiru ich dbi voi dit liéu phic tap. Tuy nhién, cac cong trinh
nay chi tap vao van dé chon bién ma chua dé cap dén van dé giam khdng gian

mau.

V& vin dé bo phan 16p hay bo nhan dang, qua khao ctu cac cong trinh da
cong bd thi md hinh chan doan gém c6 hai dang mé hinh: Thit nhét, pho bién, 1a
mé hinh don véi bd chan doan don hay mé hinh gdm mét mang no-ron [26], [31],
[37], [48]. Thi hai 1a mo hinh song song v&i bd chan doan gém cac mang no-ron
con song song. Trong [27], tac gia d& xuit mo hinh song song, mdi mé hinh con
lam nhiém vu chan doan véi mot dang su cd co thé gay mét 6n dinh gém mot
trong cac dang su ¢d nhu ba pha, mdt pha cham dat, hai pha, hai pha cham dat. Mo
hinh nay tic gia di dé xuét ap dung trong chian doan an ninh hé théng dién véi
bién tién su cd, va chi tp trung giam sat mot s6 it duong day, bus nhu da trinh bay
& phan trén. Tuy nhién, mé hinh ndy ap dung chan doan & nhiéu vi tri bus hoic
nhiéu duong day khi bi su ¢ gy ra mat 6n dinh hé thong dién 1am cho s6 luong
mo6 hinh con rét 16n, phirc tap. Vi vay, nghién ctru dé xuét xay dung mé hinh nhén
dang théng minh dya trén co s& mang no-ron cai tién chan doan nhanh 6n dinh

dong hé thdng dién nhim nang cao do chinh xac 1a diéu can thiét.

2.5 TOM TAT CHUONG 2

Trong chuong nay tac gia da trinh bay tong quan vé ly thuyét co ban n dinh hé
thdng dién va cac phuong phap phan tich on dinh hé thdng dién. Téac gia da phan
tich cac cong trinh nghién ciu lién quan, tir d6 chi ra nhitng khoang tréng can dao

sau nghién ciu va tim giai phap giai quyét, va rit ra cac van dé sau:

=  Pé danh gia 6n dinh qua do cua hé thdng dién trong céc dao dong Ion do su cd

gdy ra, cac phuong phap truyén thdng té ra kém hiéu qua va khong thuan loi,
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dic biét trong nhitng diéu kién bét dinh, thiéu thdng tin va yéu cau khic khe vé
thoi gian giai.

= Trong trudng hop Yéu cau tinh toan nhanh thi cng nghé tinh toan thong minh
cu thé 12 mang no-ron nhan tao cung cap giai quyét van d& mot cach hiéu qua,
nhanh, va chinh xac cho bai toan phi tuyén cao.

= Hg¢ thdng nhan dang théng minh can théng tin dic trung lam dir liéu dau vao,
viéc giam khong gian dit liéu dau vao giup cho hé théng xu Iy dix liéu mot
cach nhanh chdng, chinh xac.

= Lua chon bién 1a van dé phtc tap, dic biét 1 khong gian bién 16n véi hé théng
dién nhiéu may. Thu thap mau Ia cdng viéc nang nhoc, tén nhiéu chi phi, va
thu thap moi mau Ia khéng kha thi. Khdng gian bién va khéng gian mau can
rat tinh gon, gitip mé hinh nhan dang lam viéc nhanh, giam ganh nang thu thap
dir liéu, tiét kiém tai nguy@n bo nhg may tinh, giam chi phi.

= Duya trén nhiing phan tich trén, tc gia da chi ra ba van dé can giai quyét khi
xay dung hé thong théng minh chan doan 6n dinh dong HTD nham lam cho hé
théng 1am viéc nhanh, tiét kiém bo nhé va nang cao d6 chinh xac nhan dang.
CAc van dé can giai quyét cu thé 1a:
v' Giam khéng gian bién.
v' Giam khdong gian mau.
v/ Cai tién mo hinh bo phan 16p ting dung mang no-ron dé nang cao d6 chinh

xac nhan dang.
Tir do, tac gia da nghién ctru va dé xuét cac giai phap nhu sau:

1. Déi vai van dé lya chon tap bién, tAc gia da nghién ctru va trinh bay cac ky
thuat chon bién, giai thuat tim kiém tap bién va van dé nay duoc trinh bay
cu thé ¢ chuong 4, quy trinh chon bién trinh bay chi tiét & chuong 5.
Phuong phap dé nghi 4p dung cua tac gia cho thay hiéu qua trong giam
khong gian bién va dugc céng bd trong cac bai béo (1-VI1, VIII).

2. Pbi voi van dé giam khdng gian mau, tic gia da nghién ciu va trinh bay
chi tiét quy trinh xay dung tdp mau & chuong 5. Trong do, tac gia da gidi

thiéu ap dung giai thuat K-means va giai thuat K-means lai (Hybrid K-
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means). So sanh va danh gia hiéu qua cua giai thuat giam khéng gian mau
dé nghi 4p dung duoc trinh bay & chuwong 6. Van dé giam khéng gian di
liéu dugc cong bé trong bai béo (1)

3. Dbi véi bo phan 16p tng dung céng nghé tinh toan thdng minh, tac gia da
nghién ciru va trinh bay Iy thuyét co so cua cac bo phan 16p & chuong 3. Y
trong dé xuat mo hinh bo phan 16p song song cai tién, va quy trinh xay
dung mé hinh duoc trinh by ¢ chuong 5. C6 hai y tuong dé xuat duoc ap
dung 1 dya vao niang lwgng mau va dwa vao giai thuat phan cum di liéu dé
tach mau. Xay dung mon hinh B phén 16p song song dya vao niang lugng
mau dugc trinh bay & chuong 5 va cong bd & bai béo (11). Két qua kiém tra
hiéu qua caa md hinh mang no-ron cai tién dya trén y twong phan cum di

lieu duoc trinh bay chi tiét ¢ chuong 6.
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Chuong 3. CONG NGHE TINH TOAN THONG MINH

3.1 MANG NO-RON NHAN TAO

3.1.1 Giéi thiéu vé mang no-ron nhan tao

Mang no-ron nhan tao (Artificial No-ron Networks — ANN) dugc xay dung
dua trén cau tric cia bd ndo con ngudi, gilip dua ra mot phwong phap mai trong
linh vuc tiép can hé thong thong tin [55]-[59]. Mang no-ron nhan tao cé thé thuc
hién cac bai toan nhan dang, phan loai va diéu khién cho cac dbi twong tuyén tinh

va phi tuyén dat hiéu qua cao hon so véi cac phuong phap tinh toan truyén thong.

Mang no-ron nhan tao gdm nhiéu no-ron nhan tao lién két véi nhau thanh
mang. N6 c¢6 hanh vi twong tuy nhu by ndo con nguoi voi cac kha nang hoc

(Learning), goi lai va tong hop théng tin tir su luyén tap cua cac mau dit liéu.

Mang no-ron da c6 mét lich st 1au dai. T nam 1943, McCulloch va Pitts da
dé xuat mot so lién két co ban cua mang no-ron. Nam 1949, Hebb d dua ra céac
luat thich nghi trong mang no-ron. Nam 1958, Rosenblatt dua ra cau trdc
Perception. Nam 1969, Minsky va Papert phan tich sy ding dan cua Perception,
ching minh céc tinh chat va chi rd cac gisi han cia mot sé mo hinh. Nam 1976,
Grossberg dwa vao tinh chat sinh hoc di dwa ra mot sé cau tric caa hé dong hoc
phi tuyén véi céc tinh chat méi. Nam 1982, Hopfield da dua ra mang hdi quy mot
|6p Hopfield. Nam 1986, Rumelhart dua ra mé hinh xt Iy song song va mot sé két
qua cua thuat toan. Nam 1986, thuat toan hoc lan truyén nguoc (Backpropagation)
duoc Rumelhart, Hinton va Williams d& xuat thuc hién luyén mang no-ron truyén
thang nhiéu 16p. Nhitng nim gan day, c6 nhiéu cdng trinh nghién ciru dé xuat cac
cau trac, luat hoc cho nhiéu loai mang no-ron truyén thing va hdi quy maéi cé
nhiéu uu diém. Mang no-ron hién dang duoc @ng dung trong nhiéu linh vyc kinh
té, k§ thuat.

3.1.2 M0 hinh no-ron sinh hoc
Bo ndo con ngudi ¢6 khoang 10™ no-ron sinh hoc & nhiéu dang khac nhau

[57], [58]. M6 hinh cia mét dang no-ron sinh hoc dugc mé ta trén hinh 3.1. CAu
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tric chung clia mot no-ron sinh hoc gdm c6 ba phan chinh 1a: than, ciy va truc.
Cay gdm cac day than kinh lién két véi than. Tryc c6 ciu trac don, dai lién két véi
than. Phan cudi cta truc ¢6 dang phan nhanh. Trong mdi nhanh c6 mot co ciu nho
13 khép than kinh, tir ddy no-ron sinh hoc nay lién két bang tin hiéu t&i cac no-ron
khac. Sy thu nhan thong tin ctia no-ron sinh hoc dugc thuc hién tir ciy hoac tu

than cta no. Tin hi€u thu, nhén ¢ dang cac xung dién.

Pau vao

Hinh 3.1 M®& hinh no-ron sinh hoc

Mot té bao than kinh c¢6 ba phan, Hinh 3.1:

-Phan dau c6 nhiéu khép than kinh (Dendrite) 14 noi tiép xtic voi cac véi
cac diém két ndi (Axon Terminal) ctia cac té bao than kinh khac.

-Nhan cua té bao than kinh (Nucleus) 1a noi tiép nhan céc tin hiéu dién
truyén tir Dendrite. Sau khi tong hop va xur 1y cac tin hiéu nhan dugc nd truyén tin
hiéu két qua qua truc no-ron (Axon) dén cac diém két ndi (Axon Terminal) & dudi.

-Phan dudi c6 nhiéu diém két ndi (Axon Terminal) dé két ndi véi cac té bao

than kinh khac.
3.1.3 M© hinh no-ron nhéan tao

3.1.3.1 Cdu trisc mé hinh mét no-ron nhan tao

Mang no-ron nhén tao dugc thiét ké dé moé phong tinh chat ciia mang no-ron
sinh hoc, tirc 1a m6 phong hoat dong dua theo cach thirc cua bd ndo con nguoi
[55]-[58]. Cac dac tinh cia mang no-ron la:

- Tri thtrc ciia mang dugce nam bét boi cac no-ron thong qua qua trinh hoc.

- Trong s6 két ndi cac no-ron dong vai trd luu giir thong tin.
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- Mang no-ron tinh toan rat nhanh.

No-ron nhén tao nhan mot sd cac ngd vao (tur dir li¢u géc, hay tir ngo ra cua
c4c no-ron khac trong mang). Mdi két ndi dén ngd vao c6 mot trong sé (weight) w
dic trung cho murc do lién két giira cac no-ron.Trong sb lién két co gia tri duong
tuong ing v4i khop than kinh bi kich thich, nguoc lai ¢6 gia tri om twong ung voi
khép than kinh bj kiém ché. M&i no-ron c6 mot gia tri ngudng (threshold), ngudng
nay duoc dua qua thanh phan dich chuyén (bias) b.

Tin hiéu duoc truyén qua ham kich hoat hay ham chuyén d6i f tao gia tri
ngd ra no-ron. Hinh 3.2 trinh bay md hinh no-ron véi n phan tir ngd vao, mdi ngd
vao duoc két ndi véi trong s w. Tong ngd vao duoc trong hoa véi ngudng dua téi

ngd ra qua ham chuyén d6i f nhu biéu thirc (3.1).

Hinh 3.2 M6 hinh mot no-ron nhén tao

Trong do: Bién ngd vao x = [Xy, Xp,..., Xp] 1& vector ngd vao c6 n phan tir, trong s

két ndi W = [W1, Wp,..., Wy] . Ng0 ra mang duogc tinh theo cong thurc:
n
y=f{O+D> xw) (3.1)
i—1

Ham chuyén d6i (Transfer Function) hay ham kich hoat (Activation
Function) c6 nhiém vu bién d6i téng trong (hodc net) thanh tin hiéu ngd ra y. Cac
no-ron cé thé sir dung cac ham chuyén doi khac nhau dé tao ra tin hi¢u ngé ra. Cac
ham chuyén d6i pho bién nhu ham hard limit, logsig, tansig, purelin, him ban

kinh, Bang 3.1.
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Bang 3.1 Mot s6 ham phi tuyén thuong dung trong cac mé hinh no-ron

Tén ham Cong thirc DPic tinh
_ g(u)=1néuu>0 g
Ham budc nhdy don vi ) 1A
L g(u)=0 néuu< 0 u
(hard limit) -
g
£ 1A
Ham budc nhay ludng g(w)=1n€uu=0
cuc g(u)=-1 néu u< 0 : > U
-1
Ham tuyén tinh (purelin) g(u)=a.u J \
0
g 1
0.5
Ham sigmoid don cuc g(u) = U
l+e 0
(log-sigmoid (logsig))
Ham sigmoid ludng cuc , g {V
(tan-sigmoid (tansig)) gu)=——;-1 u
l+e 0 2
J'-l
g
Ham ban kinh TN
g(u) =e™ 0.0 u

3.1.3.2  Cdu triic mé hinh mang no-ron nhan tao nhiéu I6p

C4u tric cia mang no-ron nhan tao mé phong ¥ tuéng cua mang no-ron sinh

hoc. Tuy nhién, mang no-ron nhan tao c6 cdu tric don gian hon nhiéu, vé ca sb
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lwong no-ron va ca cau tric mang. Mang no-ron nhan tao cac no-ron duoc két ndi
sao cho c6 thé dé dang biéu dién bai mot md hinh toan hoc nao d6. Mang no-ron
nhiéu 16p gdm mét 16p dau vao va mot I6p dau ra, cac 1op nam gira I6p dau vao
va lp dau ra goi la cac 16p an (Hidden layers). Mang no-ron truyén thiang la mang
hai hay nhiéu I6p ma tin hiéu truyén theo mot huéng tir dau vao dén dau ra, cac
no-ron dugc phan thanh nhiéu 16p, cac no-ron chi dugc két ndi voi cac no-ron &

16p lién trude hoac lién sau 16p né.

Input Hidden Output
layer layer layer

Output

Hinh 3.3 Cau trdic md hinh mang no-ron nhan tao nhiéu Ip truyén thang

3.1.4 Cac qui tic hoc

Thong thuong mang no-ron dugc diéu chinh hodc dwgc huin luyén dé
hudng cac dau vao riéng biét dén dich & dau ra. O day, ham trong cua mang duogc
diéu chinh trén co sé so sanh du ra voi dich mong mudn (target) dén khi dau ra
mang phil hop véi dich. Nhitng cip vao/dich (input/target) dugc ding dé giam sat
cho huan luyén mang. O d6 mdi gi tri vao duoc giri dén mang va gia tri ra tuong
ung dugc thuc hién bﬁng mang la sy xem xét va so sanh voi gia tri mong mudn.
Thong thudng ton tai mot sai so vi gia tri mong mudn khong hoan toan khép véi
gia trj thuc. Sau mdi 1an thuc hién c6 tong binh phwong cua tat ca cac sai sd, sai s6
nay dugc stir dung dé xac dinh cac ham trong mdi. Mdi 1an thuc hién, ham trong
ciia mang dugc sira ddi voi dic tinh tdt hon twong tng voi dic tinh mong mudn.
Ting cdp gia tri vao/ra phai duoc kiém tra va trong dugc diéu chinh. Sy thay doi
cac ham trong ctia mang dugc dimg lai néu tong cac binh phuong sai sé nhé hon
mot gia tri dit trude hodc di 1ap da mot sb 1an thuce thi xac dinh. C6 hai kiéu hoc 1a

hoc thong s va hoc ciu tric.
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Hoc théng sé (paramater learning) 1a tim ra biéu thie cip nhat cac thong sb
vé trong sé, cap nhat két ndi gifra cac no-ron.
Hoc cdu triic (structure learning) 13 su bién d6i cdu trac ctia mang no-ron

gom sO lugng nut (node) va cac mau lién két.

Nhiém vu cua viéc hoc thong sb 1a b@ing cach nao do tim dugc ma tran
chinh x4c mong mudn tir ma tran gia thiét ban dau véi cu tric cia mang no-ron
co san. Vi vay, mang no-ron st dung céac trong s6 diéu chinh v&i nhiéu phuong
phap hoc khac nhau co thé tinh toan gin dung ma tran trong s6 W can tim dic
trung cho mang. Gia sir c6 n phan tir xir 1y trong mdt mang no-ron nhan tao va moi
phan ttr xir Iy ¢6 m hé s trong luong thich nghi (adaptive weights), thi ma tran hé
s6 trong lugng (ma tran két ndi) duoc dinh nghia bai:

T
W]_ Wll le e Wlm
T
= "= . . . (3.1)
W;]r Wy Woo oo Wy

Trong d6 wj; 1a hé sO trong luong lién két tir phan tir xtr 1y thir i (ntit ngudn)
dén phan tir xtr Iy tht j (nat dich), i=[1,n] va j=[1,m]. C6 ba qui tic hoc [55]-[57]:
- Hoc gidm sat (supervised learning).
- Hoc cung cb (reinforcement learning).
- Hoc khong giam sat (unsupervised learning).

Hoc co giam sat. 1a qua trinh hoc & mdi thdi diém th i khi tin hiéu x; duoge
dua vao mang no-ron, tuong Gmg s& c6 dap ing mong mudn d; cua ddu ra cho
trude & thoi diém do. Trong qua trinh hoc c6 gidm sat, mang no-ron dugc cung
cap lién tuc cac cip sb lidu mong mudn vao/ra & timg thoi diém (x4, dy), (Xq, do),
(X, di),... khi cho tin hiéu vao thuc 14 x, s& twong tng c6 tin hiéu dau ra 13 yy s&
1éch voi dy. Sai 1éch d6 s& dugc truyén nguoc toi dau vao dé diéu chinh thong sb
mang no-ron l1a ma tran trong s6 W. Qua trinh tiép tuc 1ap lai sao cho sai I¢ch gitra
tin hiéu ra mong mudn va tin hiéu ra thyuc té nim trong pham vi cho phép, két qua

nhin dugc ma tran trong s6 voi1 cac phan tr Wj; da dugce diéu chinh phu hop véi
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dac diém cua d6i tuong hay ham ) mang no-ron can hoc. M6 hinh hoc ¢c6 giam

sat duoc minh hoa nhu hinh 3.4.

X ANN R4
—’ L
/\{ v
T Tin hiéu d

sai léch

Hinh 3.4 M6 hinh hoc c¢6 giam sat

Hoc ciing cé: 1a phuong phap hoc trong d6 tin hiéu d dugc dua tir bén ngoai
nhung khong duoc day du ma c6 thé chi dua dai dién 1 bit dé co tinh chat kiém tra
& mot mau vao/ra ciia qua trinh hoc giam sat bi cho rang khong tin cdy. Bit tin
hiéu d6 duoc goi 1a tin hiéu cung cb dé khiang dinh qua trinh hoc dung hay sai. M6

hinh hoc cliing ¢d duoc minh hoa nhu hinh 3.5.

X ANN y
—_— >
/V{ A 4
Tin hiéu T— Tin  hi¢u |¢——— Tin hiéu cling )
danh gia

Hinh 3.5 M6 hinh hoc cung ¢6
Hoc khong c6 giam sat: Kiéu hoc nay hoan toan khong c6 tin hiéu tir bén
ngoai, gia tri muyc tiéu diéu khién khong duoc cung cip ciing khong duge ting
cudng. Mang phai ty kham pha cac mau, cic nét dic trung, tinh twong thich, phan
loai dir liéu vao va ma hoa dir liéu ra. M6 hinh hoc khong c6 giam sat dugc minh

hoa nhu hinh 3.6.
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A
(I

v

Hinh 3.6 M6 hinh hoc khong c6 giam sat
3.1.5 Anh xa va lan truyén ngugc

Cac mau (X, y) vOi X = (X1, X2, . ., Xn) € X, Y = (Y1, Y21 - - - Ym) € Y duoc cho
trude. Nhu vay, hoc co thé duoc xem nhu viée xép xi mot anh xa X— Y, trong do
X 1a tap cac van dé va Y 1a tap cac 10i giai twong tmg cho van dé do.

Mang lan truyén 1a mot ham phi tuyén c6 thé x4p xi gan ding nhat mot ham
dich dugc cho qua mot s6 mau trong tap mau. Mot mang lan truyén téng quat la
mot mang cé n (n>2) 16p: 16p thir nhat goi 13 16p nhap, 16p thi n goi 1a 16p xuét, va
(n-2) 16p an. S6 nut cia 16p nhap va cua 16p xuat do bai toan qui dinh, con s6 nut
cta 16p an do nguoi thiét ké mang qui dinh. Trong mang lan truyén, mdi nut cua
16p thtr i (0<i<n) lién két voi moi nut & 16p thu (i+1), va cac nit trong cling mot
16p khong lién két voi nhau. Ngoai ra, con ¢6 mot sd cung lién két truc tiép tir cac
nut 16p nhap dén cac nut trong 16p xuat, mang nay 1a mang lan truyén c6 ndi truc
tiép. Mdi cung trong mang c6 gan mot trong s6 WeR.

Phuong phap lan truyén nguoc 13 mot qué trinh lip di 13p lai nhiéu lan hai
tién trinh chinh: 4nh xa va lan truyén ngugc sai sb. Hai tién trinh nay duogc 4p dung
trén mot tip mau xac dinh, duoc goi 1a luyén mang hay 1a hoc. Cac budc nhu sau:

= Budc 1: Xdy dung cdu trac thich hop cho mang no-ron, chang han c6
(n+1) no-ron vao (n no-ron cho bién vao va 1 no-ron cho ngudng), m no-
ron dau ra va khoi tao cac trong so lién két ciia mang.

= Budc 2: Pua mét vector x trong tip mau hudn luyén X vao mang

= Budc 3: Tinh vector dau ra 0 cia mang

= Budc 4: So sanh vector dau ra mong mudn y (1a két qua duoc cho trong

tap huin luyén) véi vector dau ra 0 do mang tao ra; néu c6 thé thi danh
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gia 10i.

= Budce 5: Hi€u chinh cac trong s6 lién két theo mét cach nao d6 sao cho &
lan tiép theo khi dua vector x vao mang, vector dau ra 0 s& giéng voi y
hon.

= Budc 6: Lap lai cac budce tur 2 dén 5 cho t&i khi mang dat t&1 trang thai
hoi ty. Viéc danh gia sai s6 ¢6 thé thuc hién theo nhiéu cach, cach dung
nhiéu nhit 13 sai s trung binh binh phuong (MSE - Mean-Square
Error):

E = (0- y)*/2 (3.2)
3.1.6 Mat 16i

Hoc 14 qua trinh tim cac trong s6 ctia mang sao cho anh xa no-ron khép
nhét v6i bo dir liéu chira cac mau cta ham dich va d6 chinh 1a tadp mau. Sai s6
trung binh binh phuong thuong dugc st dung dé do luong sy tring khép gitra anh
xa can xay dyng vé1 ham dich cho trude qua tap mau. V& mat hinh hoc ¢6 thé xem
E nhu 1a mot mat 16i. Mat 161 1a mot siéu phang trong d6 mdi diém cua nod tuong
mg vi mot diém trong khong gian trong. Chiéu cao trén khong gian trong cua
mdi diém trong mat 18i biéu dién sai s6 cia md hinh tng véi cac trong twong tng

d6. Diém thap nhét trong mat 16i cho mé hinh c6 sai s nhé nhat.

3.1.7 Cuc tiéu cuc bod

Néu mit 15i nhép nho, nghia 1a co nhiéu diém triing voi do cao that khac
nhau, cac diém triing ny chua chic 1a diém triing thap nhat. V& mit hinh thtec, cuc
tiéu cuc bd chinh 13 diém trén mat 16i ma tai do cap nhat trong sb theo bat ky
hudng nao cling s€ lam sai ) tang 1&én. Tim cach tranh roi vao cuc tiéu cuc bo la
mot bai toan kho khan. Hornik (1990) dd ching minh dwgc ring mot mang véi sb
nut an thich hop c6 thé xap xi mot ham dich bat ky véi sai s6 bat ky.
Du ta khong thé tinh toan duoc dang cua toan mat 16i, nhung co thé tinh toan dugc
chiéu cao va d6 doc mat 15i tai bat ky diém nao trong khong gian trong. Trong
toan hoc d6 ddc mit 13i duge xac dinh qua dao ham riéng theo ting trong ) trong

mang no-ron. Khi da biét duge do doc cia mat 161, thong tin nay cé thé dugc st
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dung theo nhiéu cach khac nhau dé cip nhat bd trong sb. Cac phuong phap nay

duoc goi la qui tac hoc.

3.1.8 Phan loai mang no-ron

Tuy theo cach két ndi giita cac no-ron xac dinh nén cdu tric mang. Trong
lugng cac két ndi duoc diéu chinh hay dugc huin luyén dé dat duoc cac yéu cau
cua mang bdi thuat toan huin luyén. Mang no-ron cé thé duogc phan loai theo cdu

triic va thuat toan huan luyén.

Theo céu triic, mang no-ron phan loai thinh mang truyén thang va mang
phan hoi. Mang truyén thang nhiéu 16p gdm c6 16p vao, cac 16p an va 16p ra. Lop
vao s& nhan tin hiéu truc tiép tir bén ngoai. Lp ra gdm cac no-ron co tin hiéu ra,
dua ra bén ngoai mang. Mang phan hdi thi dau ra ciia mot s6 no-ron hoi tiép
nguoc lai chinh n6 hay cac no-ron trong 16p ké tiép. Vi vay, céc tin hiéu co thé di

theo hai huéng truyén toi (forward) hay truyén i (backward).

Theo phuong phap huan luyén co6 thé chia mang theo cac nhom cé phuong
phap hoc tap cd gidm sat, phuong phap hoc tip khong gidm sat va phuong phap

hoc tap ctng ¢ hay hoc ting cudng.

3.1.9 Mang Perceptron nhiéu 16p

Mang Perceptron nhiéu 16p (Multilayer Perceptron — MLP) véi thuit toan
truyén nguoc duoc sir dung giai quyét nhidu van dé trong nhiéu linh vuc khac
nhau. Mang gdm c6 mét 16p ngd vao, mot hodc nhiéu 16p an va mét 16p ngd ra. SH
lugng no-ron trong 16p ngd vao bang vai sé luong bién dau vao. C6 thé ndi rang
thuat toan truyén nguoc la thuat toan hoc quan trong nhét trong linh vuc mang no-
ron. Thuat toan dugc phat trién mot cach doc lap bdi Werbos vao nam 1974,
Parker vao nam 1985, Rumelhart, Hinton va Williams vao nam 1986, thuat toan
truyén nguoc da dugc nhiéu nha nghién ctru cai thién nham cai tién toc d6 hoi tu
cling nhu tang cuong tinh 6n dinh cta thuat toan. V& co ban, thuat toan truyén
nguoc la mdt thudt toan tim theo chiéu gradient am va c6 gidm sat. Thuat toan
truyén nguoc bao gém hai qua trinh: qua trinh lan truyén tién va qua trinh lan

truyén nguoc sai s0. Trong qua trinh lan truyén tién, tin hi¢u nhap dugc dua vao
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mang va tin hiéu truyén nay xuyén qua mang tir 16p nay dén 16p khac. Cubi cung
mot tap cac tin hi¢u xuét duoc tao & ngd ra. Trong subt qua trinh lan truyén tién
cac trong s6 ctia mang khong thay d6i. Trong qua trinh truyén ngugc, mot tin hiéu
sai sb hay 181 duoc truyén nguoc xuyén qua mang. Trong qua trinh ndy cdc trong
s6 duoc hiéu chinh sao cho dap tmg thuc té cia mang ngdy cang dén gan véi dap

Ung mong muon.

Quy trinh huan luyén phd bién nhat 13 hoc c6 giam sat v6i giai thuat lan
truyén ngugc. Giai thuat lan truyén nguoc thuc thi phuong phap giam Gradient
nham cuc tiéu sai sd trung binh binh phuong giita ngd ra va ngd ra mong mudn.
C6 nhiéu giai thuat huin luyén, trong d6 thuit toan Levenberg-Marquardt duoc
khuyén céo ap dung nho vao tbc do hoi tu nhanh va cho d6 chinh xac nhan dang
cao [59]. Thong s6 mang ban dau 13 ngau nhién, qué trinh huan luyén ding khi dat
mot trong cac diéu kién nhu sb vong l1ap dat gia tri tdi da cai dat, thoi gian huan

luyén vuot gia tri tdi da, sai s6 dat mot mirc cho phép,...
3.1.10 Mang no-ron Generalized Regression No-ron Network (GRNN)

3.1.10.1 Ham co so ban kinh RBF

Ham co so ban kinh dugc gidi thidu bai Powell dé giai quyét bai toan ndi suy
ham nhiéu bién nam 1987. Trong linh vuc mang no-ron, mang no-ron RBF duoc
dé xuat boi Lowe ndm 1988 cho bai toan nodi suy (x4p xi) ham nhiéu bién. Bai toan
ndi suy ham nhiéu bién duoc phat biéu nhu sau [57]: Cho mét tdp gom N diém di
liéu trong khéng gian thuc kich thuée n {x eR"|i=12,...N} va tdp ddp g N sé
thyce {d, eR'|i=12,..,N}. Tim ham F: RN> R! théa man diéu kién néi suy:

F(x) =d; i=[1,2,...,N] (3.3)

3.1.10.2 Ky thudt ham co so ban kinh RBF
Ham F c6 dang:
N
FOO=Y_ wio(x-x;]l) (3.4)
i=1
Trong d6 {o(||x=xil))| i=1,2,...,N} 1a tdp N ham ban kinh RBF, ||.|| 1a ky hiéu ham chuan

Euclidean. x;, i=1,2,..., N l1a cac tdim cua cac ham ban kinh RBF.
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Két hop (3.3) va (3.4) dugc mét tip cac phuong trinh quan hé tuyén tinh:
P11 P2 - AN || WM dy

Por Pz Pon || W2 | d,
PNt PNz o ONN L WN dy
Trong d6: @i=|IXi - X, i,j=1,2,....N

Ky hiéu vector dap ing ngd ra va vector trong so, N 1a s0 mau huan luyén:

d:[dl,dz,. . .,dN]T
W:[Wl,Wz,. . .,WN]T
Ky higu ® 1a ma tran ndi suy kich thuéc NxN véi cac phan tir @jj:
N
O ={g;} ja

Phuong trinh (3.5) duoc viét lai:
O=w.x
Gia thiét @ 1a ma tran kha déo thi:
w=d1x
Ham bén kinh RBF thuong dung la ham Gauss c6 dang:

2
o(n) = eXp(—r—z), o>0,reR
20

3.1.10.3 Mang ham co so ban kinh RBF

(3.5)

(3.6)

(3.7)
(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

Mang no-ron RBF thuong dugce ap dung cho bai toan phan 16p mau hay héi quy

phi tuyén, 1a mang truyén thang c6 3 16p:

= L&p vao gom c¢6 n nit cho tin hiéu ngd vao xeR".

= Lop an 1a 16p ban kinh co so, gdbm N no-ron, mdi no-ron dugec mé ta boi

ham ban kinh nhu sau:  @=o¢(||x - Xjl|), j=1.2,...,N. Trong d6 nit dir li¢u thir j

clia xj 1a tim cua ham RBF, vector x 1a vector mau ngd vao. Nhu vy mang RBF

thi két ndi tir ddu vao téi no-ron an 1a két ndi truc tiép.

= L&p ra la ham kich hoat tuyén tinh.

Hinh 3.7 trinh bay ciu trac mang RBF véi n ngd vao, N no-ron an, va mot ngd ra tuyén

tinh.
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Output
y=F(x)

Hinh 3.7 Ciu triic mang RBF

Trong ung dung nguoi ta thuong sir dung ham Gauss nhu biéu thuc (3.13).
Trong d6 o 1a do rong cua ham Gauss. x; la la tim cua ham no-ron thu j,
j=1,2,....N. N 1 s6 mau huin luyén.

1 .
0; = p(x—X;) =exp(-— [ X=X F).  §=12...N
20 (3.13)

3.1.10.4 Mang Generalized Regression No-ron Network

Mang RBF c6 bién thé 1a Generalized Regression No-ron Network
(GRNN) duoc dé nghi trong [60]. GRNN duoc xép mot dang ctia mang no-ron Xac
xuat (Probabilistic No-ron Network — PNN). Mang GRNN cho d6 chinh x4c nhan
dang cao, hoc nhanh va hoi tu tdi wu va&i dit liéu hoc 16m. Trong truong hop mau
nho thi GRNN van c6 kha niang cho két qua du béo tot.

Mang GRNN c¢6 cau trac gdm 16p vao, 16p mau (16p an), 16p tong, va 1op
ra, Hinh 3.8 [59]. Mang GRNN gidéng nhuy mang RBF nhung c6 chit it thay doi
hoi dic biét 1a & 16p téng (summation layer).

L6p dau vao két ndi véi 16p mau, sd no-ron 16p vao bang sé bién cua bai
toan, va ddu ra cta né 1a khoang cach cua bién dau vao dén cac tam. Chi c6 16p
mau (hay 16p 4n) c6 hé sb ngudng. Cac no-ron 16p mau c6 nhé thong tin quan hé
giita no-ron 16p vao va dic tinh dap tng ngd ra cta 16p mau. Ham chuyén doi ctia

no-ron 16p mau 1a dang ham Gauss nhu biéu thirc (3.13).
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Input layer Hidden layer

Hinh 3.8 So d6 c4u triic mang no-ron GRNN
Mdi no-ron cia 16p mau két ndi véi hai no-ron cia 16p dic biét, 1a no-ron
tong S (S-summation) va no-ron tong D (D-summation). No-ron S tinh toan tong
dau ra cua 16p mau véi trong sd, trong khi no-ron D tinh tong dau ra cta 16p mau
v6i trong s6 két ndi don vi. Trong s6 két ndi cua no-ron 16p mau va no-ron D 1a
gia tri ngd ra myc tiéu twong tng véi mau dau vao. Gia tri tinh toan cua 16p ra 1a ti
s6 ctia mdi ddu ra S v6i mdi dau ra D, biéu thie (3.14). Hé sb do rong (spread)

dugc xac dinh qua thuc nghiém.
Z W,
_ =t
Z b,
i=1

3.2 BO PHAN LOP K-NEAREST NEIGHBOR
Thuat toan K-Nearest Neighbor (K-NN) [61], [62] tim ra cac lang giéng

Y, (3.14)

gan nhét ciia mau hoc va quy vé cac nhan 16p cta ching dua trén cac nhén da sd,
didu d6 c6 nghia la cdc mau duge quy vé cung 16p khi chiing 13 14n cén cta nhau.
K¥ thuat nay cho rang vi tri trong khong gian dic trung ham ¥ mot quan hé ho
hang gan giii & giita cic nhan 16p. K-NN phan 16p vec-to bién x chua biét dua vao
cac mau gan nhat can xép 10p va tat ca cic miu huan luyén. Giai thuat don gian
nhat 1a K=1 hay 1-NN.

Cac budc cua thuat toan K-NN:
Budc 1. Xac dinh s6 K, K dugc chon phai 13 s6 16 cho truong hop ¢6 2 16p hay sd
16p chan.

Buéc 2. Tinh khodng cach giita ddi tuong can phan 16p véi tat ca cac mau huan

luyén. Khoang cach Euclide thuong dugc sur dung.
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Budc 3. Xép khoang cach theo thir ty ting dan

Budc 4. Xac dinh K 1ang giéng gan nhat voi 16p.

Budc 5. Chi dinh vec-to x thudc vao 16p Cjv6i sé mau K gan nhat 1a 16n nhét.
3.3 BO PHAN LOP MAY VECTOR HO TRO

Thuat todn bod phan 16p may vector hd tro (Support Vecotor Machine —
SVM) la bo phéan 16p miu dya trén phuong phap tiép can ly thuyét hoc thong ké
do Vanipk va Chervonenkis dé nghi [63], [64]. SVM nhim cuc tiéu hoa d6 phan
l6p sai voi mot d6i tuong dir liéu méi thdng qua cuc dai hoa bién gitra siéu phing
phan cach va dir liéu. Y tudng co ban cia cac SVM la xay dung mat siéu phang
nhu 13 mot mat phang quyét dinh. Mat phang nay tach biét 16p duong (+1) va 16p

am (-1) véi bién 16n nhat.
3.3.1 B0 phan 16p nhi phan tach 16p tuyén tinh

Xeét tap dir lieu huan luyén T ={x,.y,},. Trong d0, x; 1 vecto dit liéu dau vao
kich thuéc n bién va N mau, va y; e{+1,-1} 1a nhan I6p cua miu x;. Ca&c SVM

thuc thi cho bai toan phéan 16p cé hai I6p dugc trinh bay nhu Hinh 3.9.

Siéu phang ti wu phan tach ciac miu duong va cac mau am cua hai 16p voi
d6 tach biét cuc dai. Do tach biét hay 1a bién xac dinh bang khoang cach gitra cac

mau duong va mau &m gan mat siéu phang nhat, Hinh 3.9.
Mt siéu phang trong khéng gian mau c6 phuong trinh:
g(x)= w'.x+b=0 (3.10)

Muc dich cta huan luyén 14 tim ra mot siéu phang tach biét dix liéu huan luyén tét

nhat.
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O Lopy=1
SAC O Lopy=+1

Céc vec-to hd tro
. Y

v Bién toi wu

Q X2

A\

Hinh 3.9 So dd minh hoa thuat toan SVM

M3t siéu phang tach roi cac mau Am va duong thoa diéu kién (3.11) va (3.12).

w' X+ b>0, néu y;=+1 (3.11)

w'.x; + b<0, néu y;=-1 (3.12)

Két hop (3.11), (3.12), va (3.10) thanh dang thu gon nhu (3.13).
yi.(W'.x; + b)>1 (3.13)

Siéu phang téi wu nhu phuong trinh (3.10) 14 siéu phang duy nhat tach tap dit liéu
hoc véi bién cuc dai. N6 xac dinh hudng w/|w| ma khoang céch tir hinh chiéu céc
vector hoc cua 2 16p 1a 16n nhat. Khoang cach tir mot diém dén siéu phang dugc

2

T

tinh theo phuong trinh (3.14), vai bién la

_ Lot (3.14)

Véi mbi diém x; twong tng thudc nhan 16p y;, can xéac dinh tap théng sé (w,b) cua
siéu phang theo (3.15).
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Min  o(w)= %"w"2
yiw'x;+b) >1 (3.15)

Day 1a bai toan tdi wu phi tuyén, theo diéu kién Krush-Kuhn-Tucker dé cuyc tiéu

(3.15) thi thoa cac phuong trinh sau:

2 Lwb,2)=0 (3:10)
ow
%L(W, b,2) =0

(3.17)
Ai20; i=[1,N] (3.18)
7\.|[y|(WTX| + b)'l]:O; |:[1’N] (319)

Trong d6: A 1a vector hé s6 nhan Larange. L(w,b,1) 1a ham Larange nhu (3.20).

N
L(w,b, ) :%WTW—Zl:/L- [yi.<WT X+ b)—l} (3.20)
N
W:Z/liyixi (3.21)
i1
S0 (3.22)

3.3.2 Bién t6i vtu mém

Trong trudng hop tap mau huan luyén cé thé phan chia tuyén tinh duoc
nhung c6 nhiéu, Hinh 3.10. Hinh 3.10 la minh hoa cho truong hop hai lép dir ligu
khong hoan toan tach biét. Trong truong hop nay rang bugc (3.13) tro thanh rang
budc (3.23).

yi.(W'.x; + b)>1 -&; (3.23)
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Trong d6, & 1a bién nai long (slack variable), &>0.

Khi do, bai toan (3.15) tra thanh (3.24).

. 1 2 N
MM!n CD(W,(,‘):EHWH +C§§i
T (3.24)
yi(w' X;+b)>1-&
& =20
Trong d6, w 1a trong sé cua mat siéu phang. C 1a hé sé xac dinh trude, 12 hé sb

phat dinh nghia gia tri rang budc.

X2

\J

Hinh 3.10 Minh hoa cho truong hop di liéu hai I6p khdng hoan toan tach biét
Tuy nhién, trong truong hop dir liéu phic tap phi tuyén thi khdng thé phan chia
tuyén tinh duoc. Trong trudng hop ndy, gia sir ton tai 4nh xa tir khong gian dau
vao | chiéu vao khong gian k chiéu, ma & d6 c6 thé thoa man diéu kién tach biét
boi mot siéu phang.

®:R — R (3.25)
Khi d6, vector x; trong khdng gian R' tuong tng vai vector d(x;) trong khong gian
R¥ (3.24) duoc viét lai thanh (3.26).

. 1 42 s
M ’ == C i
lin - am =2l +C 4 (3.26)

Y (W' @(x;)+b)=1-&
¢ =0
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3.3.3 Ham nhén

Viéc tinh toan truc tiép ham @(x;) 1a viéc rat kho khan. Néu biét ham nhan
(Kernel function) K(x;Xx;), dé tinh tich vo hudng D(X;)D(X;) trong khong gian k
chiéu thi viéc thuc thi tinh toan khdng can thuc hién truc tiép voi anh xa d(x;)
[61], [65]. Trong pha huan luyén, giai thuat chi can ham nhan K(x;,x;) va ham
®@(x;) khdng can thiét phai biét, boi vi no da dwgc xac dinh qua ham nhan nhu
(3.27).

K(Xi,Xj):q)(Xi)q)(Xj) (327)

Céac ham nhan ung dung trong bai toan nhan dang mau thudng gom cac dang sau:

* Ham da thuec: K(xx)=(x"x +1) d>0
= Ham co sé ban kinh: K (x,x;)=exp(-|[x-x{[*/2°)
= Ham Hyperbolic Tangent (sigmoid): K (X,Xi) =X Xi+y

B, v 12 hé sé do nguoi dung chon.

3.4 TOM TAT CHUONG 3

Téc gia da nghién ciru va trinh bay ly thuyét co so ctiia cac bo phan 1op gom:

= Bo phan 16p mang perceptron nhiéu 16p (MLP).
= B0 phan 16p mang hdi quy tong quéat (GRNN).
» BJ phan I6p K-NN.

= Bo phan l6p may vec-to ho trg (SVM).

Bo phan I6p MLP duoc dé xuat 4p dung trong cac cong trinh da cong b, cu
thé 1a trong bai bao (IV-VII). Bo phan Iép GRNN duoc dé xuét ap dung trong bai
bao (11, 111, VI). Van dé huan luyén mang no-ron tén nhiéu thoi gian véi nhiéu lan
thuc hién huan luyén dé chon théng sé mang phu hop cho két qua do chinh xac
nhan dang cao. K-NN (1-NN, K=1) dwgc d& xuat 4p dung trong bai béo (1).
Chuong 6, tac gia di dé nghi 4p dung bd phan 16p 1-NN tham gia vao giai doan

dau cua quy trinh xay dung md hinh nhan dang sir dung mang no-ron nhu chon
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bién, danh gia chon mAau trong giai thuat phan cum dit liéu. Véi két qua tap bién va
tap mau duoc chon nho danh gia tr bd phan 16p 1-NN, lic nay dir liéu da qua xir
ly nén tinh gon hon, va dugc s dung cho budc tiép theo trong quy trinh huan
luyén xay dung cac bo phan I6p gidp giam ganh ning thuc thi trong qué trinh huin
luyén xay dung mé hinh nhan dang. Bo phan 16p may vec-to hd tro (SVM) la cong
cu manh &p dung cho bai toan phan I6p gdm hai 16p. Céc bo phan 16p (MLP,
GRNN, SVM) duoc sir dung dé xay dung md hinh nhan dang, so sanh danh gia do
chinh xé&c nhan dang. Két qua xay dung mé hinh va so sanh két qua nhan dang Vi

cac bo phén l6p dugc trinh bay ¢ chuong 6.

42



Nguyén Ngoc Au
Chuong 4. LUA CHON THONG SO PAC TRUNG CHO HE THONG NHAN
DANG THONG MINH TRONG CHAN POAN ON PINH PONG HE
THONG DPIEN

Trong bai toan chan doan 6n dinh dong hé thong dién trén co s& cong nghé
tinh toan thdng minh nhén tao, trang thai hé théng dién duoc biéu hién bang vec-to
x{Xi}, i=[1,N], j =[1,n], c6 n chiéu trong khong gian quan sat R". Thanh phan cua
vec-to x bao g6m cac diu hiéu dac trung cho trang thai tién su cb va trang thai su

cd hé théng dién c6 n bién va N mau duogc trinh bay dang ma tran dir liéu nhu sau:

n bién
A
[ \
M1 M2 Mn
~ Yo Y22 X5
Nmau —
N1 a2 X N

—

41 XAY DUNG TAP MAU

Xay dung hé théng nhan dang bat dau béng viéc xac dinh tap dir liéu hay
tap mau mang tinh dac trung thé hién trang thai ché do hé théng dién. Tap mau
duoc chon dai dién cho tit ca cac ché d6 van hanh cua hé théng dién, do la cac
trang thai van hanh h¢ théng tiéu biéu vé quan diém 6n dinh hé théng dién. Trang
thai 6n dinh va khong on dinh cua hé théng dién duoc danh gia qua tirng su cd dé

tri thirc vé 6n dinh qua d¢ cua h¢ thong di¢n bao quat cac dang su co.

Céc thong s6 dac trung cho ché do tién sy c6 bao gobm dong cong suat trén
cac nhanh, dién &p tai cac nut cuia h¢ thong dién. Chl y cac duong day tai nang,
dién 4p tai & cac nut tai, may phat c6 cong suat 16n, do sut ap tai cac nut tai khi xay

ra su co,...

Céc thong sb dic trung cho ché do su cd hé théng dién bao g6m do thay doi

cong suat trén cac nut tai 16n, trén cac duong day truyén tai,... Trong do, su dao
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dong cong suit tac dung, d6 sut dién 4p mang tinh thong tin cao lién quan dén

trang thai 6n dinh hé thong dién.

Dit lidu c6 thé gom dit liéu lich st luu trit trong hé thong thu thap xt 1y dir
liéu, md phong off-line. Vi diéu kién van hanh hé théng dién c6 diy rong, mod
phong off-line dugc thuc hién dé tao co s dir liéu ban dau voi dir liéu cau thanh

day du dai dién cta cac thong s6 ché do su cd cua hé thong dién.

M6 phong off-line dé thu thap dir li¢u 1a cong viéc v6 cung ndng nhoc,
trong khi mo phong véi tat ca cac sy co, tai tit ca cac nat, moi vi tri trén duong
day 1a cong viéc diy kho khin va khong kha thi trong thuc hién. Tuy nhién, trén
co s& két qua khao sat cua cac trudng hop dién hinh nhat viéc phan tich cac tinh
huéng su ¢cb trong diéu kién thuc té va su hiéu biét ban chat vat 1y cta qua trinh
qua d6 co thé gidi han sb luong cac sy ¢b can xem xét cling nhu sé diém xuat hién.
Diéu nay cho phép xem xét loai trir cac sy cd khong gdy mat 6n dinh hé théng dién
va viéc 14y mau tip trung vao ving nguy hiém khi xuit hién su cb s& gdy mit on

dinh hay la “’vung quan sat’’.

Khi xay dung tip hoc nén tinh dén ¥ kién chuyén gia van hanh hé thong
dién. Can xem xét than trong o ché do tai cuc dai, day la ché do dé gay hai dén
tinh 6n dinh hé théng dién khi xuét hién su ¢, va sé6 mau mat 6n dinh tap trung

phan 16n 1a ¢ ché dg tai cuc dai.

4.2 LUA CHON TAP BIEN

bay la budc chon bién dau vao va bién du ra cho mé hinh nhan dang. Bién
dau vao 1a vec-to bién chira thong sb trang thai hé thong. Bién dau ra la gia tri
thong s6 dai dién cho trang thai 6n dinh dong h¢ théng dién. C¢6 hai dang bién cho

ché dg h¢ thong dién 1a bién chira dit liéu ¢ ché do xac 1ap va & ché do su co.

Bién & ché d¢ xac 1ap hay tién sy c¢b (Pre-fault) 1a thong tin gitip hé thong
nhan dang biét tinh trang mét 6n dinh x4y ra dé phat tin hiéu dén hé théng diéu
khién ngan chin trudc (preventive control), giup van hanh vién hoic hé théng diéu

khién ra quyét dinh dwa hé thong dién vao ving van hanh an toan, phong khi sy ¢b
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xay ra gy mat 6n dinh hé théng dién, mic du thuc té 13 su ¢ c6 thé khong xay ra.
Han nhién, viéc diéu khién nay phai chiu chi phi ton that cho viéc diéu chinh lai
lich trinh phat cia cac may phat dién. Dac trung cho ché d6 tién sy cb la cac diém
van hanh hé thdng dién gdm dién 4p tai cic bus, cong suit cac may phat dién,

dong cong suat trén cac nhanh, cong suat cta cac tai,...

Bién ¢ ché d6 dong hay ché d6 su cb (Fault-on) 1a thong tin cho bo phan
loai nhan biét tinh trang mét 6n dinh xay ra dé phat tin hi¢u dén hé théng diéu
khién khan cdp (emergency control) va 1énh diéu khién ngay lap tirc phai dugc thi
hanh dé dua hé thong tro vé trang thai 6n dinh, ctru hé théng dién khoi nguy co tan
rd. Bac trung ché d6 su ¢ gém do 1éch dién ap tai cac bus, do 1éch cong suét phat,
dd 1éch cong suit trén cac nhanh, do 1éch cong sudt CAC tai,... Trong thuc té phan
tich 6n dinh hé thong dién thi do sut dién ap va do thay do6i cong suét tac dung
chtra thong tin rat cao va lién quan tryc tiép dén trang thai on dinh hé théng dién.
bay la cac bién c6 chira thong tin cao dugc lya chon lam bién dau vao cho bo nhan

dang.

Bién dau ra dai dién cho diéu kién on dinh dong cua h¢ théng dién duoc
gan nhén bién nhi phan cho 16p 6n dinh va 16p khong on dinh.

K§ thuat chon bién c6 hai k¥ thuat chinh 13 k¥ thuat loc (Filter) va k¥ thuat
chon bién bao goi (Wrapper) [66].

K¥ thuat Filter 4p dung cac giai thuat tim kiém v6i ham dénh gia hay ham

muc tiéu dé hudng chién luge tim kiém tap bién dat gia tri muc tiéu (J) t6t nhét

dugc trinh bay ¢ Hinh 4.1.
Tap bién Tap bién
ban dau ] dwoc chon
Phuong phap tim kieém —-
J

Ham danh gia

Hinh 4.1 K¥ thuat chon bién Filter.
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K§ thuat Wrapper 4p dung k¥ thuat tim kiém véi gia tri muc tiéu 1a do
chinh nhan dang dat gia tri cao nhét duoc trinh bay ¢ Hinh 4.2.

Tap bién Tap biSn
ban dau iy duoc chon
Phuong phap tim kiém  f=———p
AccRate(%) Tap bién

B6 nhan dang

Hinh 4.2 K¥ thuat chon bién Wrapper.

4.2.1 Tiéu chuan chon bién
4.2.1.1 Tiéu chudn Fisher

Ham khoang cach Fisher [37], [62], [67] hay chuan Fisher tim kiém d¢ tach
biét t6i vu tuyén tinh gitra 2 16p dit liéu. Mot tap dit liéu D gdbm n bién x4, X, ...,
X, VOi n; mau trong 16p C; van, mau trong 16p C,, tac vu 1a tim kiém 4nh xa cuc
dai y= W'X. Diéu nay twong Gmg véi viée tim kiém duong thing khi chiéu tap dir
lidu 1én dudng thang cho do tach biét tdi da. Cac bién co gia tri F 16n hon thi kha

nang tach biét dir li¢u gitra 2 16p cao hon.

‘ 2

ms -m

1y
61 ¥

(4.1)

Trong d6: m; 14 gia tri trung binh dit liéu cua 16p C; va o 1a phuong sai cia

dix liéu cua 16p Ci.
4.2.1.2 Tiéu chuan Divergence

Khoang cach Divergence [37], [62], [66] 14 tiéu chuan do ludng d6 phan tan
cua hai 16p dir liéu. Khoang cach Dj; giira hai 16p dugc trinh bay ¢ cong thurc (4.2).
Khoang cach Dj; cang 16n 1a thi dir 1iéu hai 16p cang phén tan.
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1 1
1 A 1 -1 T
Trong dé: t, 1a tong dudng chéo ciia ma tran va bang gia tri tong cac gia tri
riéng cia ma tran; C; 1a ma tran hiép phuong sai cta 16p i kich thuéc [nxn]; C; la
ma tran hi¢p phuong sai cua 16p j kich thudce [nxn]; m; vector trung binh cua 16p 1
kich thudc [nx1]; m; 1a vector trung binh cua 16p j kich thude [nx1]; (mi-mj)T la

hoén vi ctia (m;-my;) va n 1a s6 bién.
4.2.1.3 Tiéu chudn Scatter Matrix (SM)

Véi mau n dit liéu kich thude xj, X2,...Xn, D=[1,N]. Ma tran hi¢p phuong sai
ctia toan bo mau theo cong thuc (4.3) [61], [62], [66].

N
S0 =2 (%, ~M)(x, =M’ “3)
n=1
Trung binh cta toan bd mau:
l N
m=—)>» X
N2

(4.4)
Trung binh mau ctia nhém thir c;:
1
m, =— >'x, (4.5)
Ni Xp, €C;
O day: c la ) 16p; Nj la s6 mau ctia nhom ¢;; N 1a téng s6 mau.

Ma tran nhom trong (within-class scatter Matrix) la:

1 SN,

Sw=}N Eﬁsi (4.6)
1 T

Si = N_ Z(Xn - mi)(xn - mi) (4-7)

Ma tran nhom gitra (between-class scatter matrix), biéu thi do phan tan dir

lidu cta trung binh nhom quanh trung binh téng cua toan bé miu dir lidu.

C

Sp = Z%(mi —m)(m; _m)T (4.8)

i=1
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Tong dudng chéo (trace) ctia ma tran phan tan 1a tong cac phuong sai cta
bién quanh gia tri trung binh. D9 tach biét 16p cua tap bién dugc do luong b1 ham
muc tiéu:

J=tr{S,, S} (4.9)

Gid tr1 J c6 gia tri cang 16n thi cac 16p cang tach biét.
4.2.2 Céc giai thuat tim kiém tap bién

Viéc lua chon bién doi hoi phai ap dung chién luoc tim kiém dé tim ra tap
bién dic trung. Chién luge tim kiém duogc chia ra 1am tim kiém toan cuc va tim
kiém cuc bo. Chién luoc tim kiém toan cuc c6 wu diém 1én 1a cho két qua tdi uu
nhung ton kém thoi gian tinh toan, va d6i khi khong tinh toan dugc do kho khan
trong tinh toan gia tri ma tran hiép phuong sai cta tap bién kich thudc 16n. Vi vay,
chién luoc tim kiém t6i wu khong phu hop khi s6 bién dau vao 16n. Trong truong
hop bién dau vao 16n chién luge tim kiém t6i wu cuc bd ¢6 wu diém vé thoi gian
tim kiém, don gian trong tinh toan, kha thi trong thuc hién do qua trinh tim kiém
khong xuyén qua toan bo khong gian tim kiém.

Luan an gidi thidu giai thuat SFFS vai tiéu chuan chon bién SM nhu biéu thirc
(4.9), va Bang 4.2 trinh bay giai thuat SFFS. Dé thyc hién giai thuat SFFS thi budc
dau can khoi tao 2 bién nho vao giai thuat SFS (Sequential Forward Selection).
Giai thuat SFS duoc trinh bay ¢ Bang 4.1

4.2.2.1 Gidai thudt Sequential Forward Floating Selection (SFFS):

SFFS va SBFS [61], [62] (Sequential Backward Floating Selection) thudc giai
thuat FSA (Floating Search Algorithm). Chién lugc tim kiém SFFS bit dau tim
kiém véi tap bién rdng va ap dung chién luoc tién thém timg bién mot dé tao tap
bién. Trong mdi budc tién giai thuat két hop chién luge tim 10i dé thao bo timg
bién mot va 1ui lai vi tri tap bién c6 ham muc tiéu tot hon. Qua trinh tim kiém
dirng khi s6 bién dat gia tri d mong mudn. Giai thuat SBFS bat dau voi tap day du

bién va ap dung chién lugc I dé thao bo tung bién mot dé lua chon tap bién.
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Trong mdi budc lii giai thuat két hop voi chién luoc tién dé thém mot bién vao tap
bién va chon tap bién c6 ham muc miéu tot hon. Qua trinh tim kiém dimg khi s6
bién dat gia tri d mong mudn. Giai thuat SBFS tn rat nhiéu thoi gian tinh toan do
phai thuc thi v6i sb bién ban dau day du. Do vy, luin 4n nay chi giéi thiéu va ap

dung giai thuat SFFS.

Bang 4.1 Giai thuat chon bién SFS

Giai thuat SFS

Pau vao: Tap bién ddy di Y c6 D bién

Pau ra: Tép bién Xy c6 k=d bién

Buéc 1. Tap bién ban dau réng, tién hanh thém ting bién x; tir Y vao X,
Xie1= XU i}, tinh J(k+1), j=[1,D];

Budc 2. Chon tap bién Xy, thda diéu kién maxJ(k+1).
Y=Y\x;, D=D-1; k=k +1;

Budc 3. k<d quay vé budc 1. Giai thuat dung khi k>d.

Bang 4.2 Giai thuat chon bién SFFS

Giai thuét Giai thuat SFFS

Dau vao: Tap bién ddy du Y c¢6 D bién

Pau ra: Tap bién X c6 k=d bién

Budc 1: Khéi tao 2 bién ban dau véi giai thuat SFS, k=2. Chon tap X, c6 gia tri
ham muc tiéu 16n nhét J(k).

Budce 2: Lya chon xj tir Y-X , bién Xj lam tang gia tri ham myc tiéu J 16n nhét

duoc dua vao tap bién hién hanh: X.= X, + X;. Giai thuat dung khi k>d.
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Budce 3: Tim bién, x,, trong tap bién hién hanh, Xy, bién 1am gidm gia tri ham
muyc tiéu J it nhat. Néu bién X, 13 x; thi Jes1=J(Xys1), k=k+1 quay vé budc 2; nguoc
lai thuc hién loai bién nay ra khoi tap bién hién hanh X,’= Xy.1- X,, thuc hién budce

4.

Budc 4: Tiép tuc loai bién yéu tir tap bién X\ khi d6 tap bién hinh thanh 1a X’y
trong khi J(X’k.1)>Jk.1 thi k=k-1 tiép tuc cho dén khi k=2 quay vé budc 2.

4.2.2.2 Gidi thudt xép hang bién (FR-Feature Ranking):

Pay 1a phuong phap don gian va ton it thoi gian tinh toan. Bang cach tinh gia
tri myc tiéu timg bién don, sip xép gia tri ndy theo gia tri vu tién tir quan trong
dén it quan trong, d bién nam trong nhom dau wu tién duoc chon. Giai thuat FR

dugc trinh bay ¢ Bang 4.3.

Bang 4.3 Giai thuat xép hang bién (FR)

Giai thuat FR

Dau vao: Tap bién ddy du Y c¢6 D bién.

Dau ra: Tap Xy c6 k=d bién.

Budc 1: Tinh gia tri tiéu chuan J cho timg bién trong D bién theo (4.1) hoic (4.2).
Budc 2: Xép hang cac bién cta D bién c6 gia tri ham muc tiéu J tir 16n dén nho.
Budc 3: Xay dung tap con bién co s bién tir d; dén d, bién, d;<d<d,<D.

Budc 4: Panh gia d chinh xac nhan dang ciia cac tap con bién ¢ budc 3.

Budc 5: Chon tap con bién X c6 d6 chinh x4c cao nhit trong ving khao sat.

43 TOM TAT CHUONG 4

Trong chuong ndy, tic gia dd phan tich tinh dic trung trang thai ché do hé
thdng dién. Cac thdng sb dic trung cho ché do su cd hé thdng dién chira thdng tin

& ché do trude va ngay sau su cd xay ra. Xay dung tap mau la cong viéc phac tap
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va niang nhoc, dé giam ganh ning trong xay dung tap mau thi viéc 1dy mau can tap
trung vao viing nguy hiém khi xuat hién sy ¢ gay mat 6n dinh hay ¢’ ving quan

L1499

sat’’.

Phan tich chi ra d6 dao dong cong suat tac dung cua tai, do dao dong cong
suit tac dung trén dudng day, d6 sut dién ap tai cac nat 1a cac bién chira théng tin
cao lién quan truc tiép dén trang thai 6n dinh hé théng dién khi sy cd. Pay 1a cac

bién c6 chira thong tin cao dugc lya chon lam bién dau vao cho b nhan dang.

Téc gia di nghién ciru tong két mot cach tong quat ki thuat chon bién gom k¥
thuat loc va k¥ thuat bao gdi, va trinh bay van dé mot cach rd rang, dé hiéu. Ba
tiéu chuan chon bién dé ap dung vao chon bién cu thé Ia chuan Fisher, Divergence,
va Scatter Matrix. Luan &n trinh bay chi tiét cac budc cua hai phuong phap chon
bién 1a phuong phap xép hang (FR) va phuwong phap tim kiém tién I0i (SFFS). Két

qua nghién ciru trinh bay cu thé & chuong 6 va cac bai bao dugc cong bd.
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Chuong 5.PHUONG PHAP XAY DUNG HE THONG NHAN DANG
THONG MINH CHAN POAN ON PINH PONG HE THONG DIEN

5.1 GIOI THIEU

Mo hinh hé thdng nhan dang dia trén co sd cong nghé tinh toan théng minh
nhan tao chan doan 6n dinh dong hé théng dién duogc xay dung gém cac khau co
ban duoc trinh nhu hinh 5.1. Trong d6, phat trién hé théng théng minh gém 5 khau
nhu sau: xay dung tap mau dién hinh, lya chon bién dic trung, trich xut tri thc,

danh gia két qua, va biéu dién két qua.

Biéu
dién

két
qua

Panh
/4 gia
Trich
XUat
tri
Chgn/ thac
bién
dac
Xay /tru'ng
duwng
tap
mau

Hinh 5.1 Cac khau co ban cta qua trinh xay dung hé théng nhan dang.
5.2 XAY DUNG TAP MAU

Vi diéu kién van hanh hé théng dién c6 diy rong, mé phong off-line duoc
thuc hién dé tao co so dit liéu ban dau dai dién cho cac thong s6 ché do sy cd cia
hé théng dién. Sau khi duogc hoc off-line, mang no-ron c6 kha nang luu trir thong
tin, tu hoc dé cap nhat tri thue, lam giau tri thirc cho moé hinh, va kha ndng nhén ra
cac mau moéi [67]. X4y dung tap mau 1a cong viéc quan trong trong bai toan nhan
dang ung dung mang no-ron. Céac budc thyuc hién xay dung tdp mau duoc trinh bay

tiép sau va quy trinh nhu Hinh 5.2.
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= XAy dung so do thay thé hé thong dién: thiét 1ap so dd hé théng dién tir hé
théng dién can nghién ciru. Cac phan tir trong hé thdng dién nhu dudng day,
may bién ap, may phét dién,... dugc mo hinh hod khé chi tiét v6i su hd trg cac
phan mém chuyén dung. Trong nghién ctru ndy phan PowerWorld duoc dé
nghi s dung.
= Xic dinh ché d9 vAn hanh: cin xem xét tit ca ché do, cac mure tai, tham khao
¥ kién chuyén gia dé dir liéu dai dién bao quat cac théng sd ché d6 van hanh
cua hé théng dién.
= Xac dinh cdc vi tri sw ¢6: xem xét cac su ¢6 khi xay ra lam xuét hién cac dao
dong va cé thé dan dén mat 6n dinh hé théng dién. PBay c6 thé cac truong hop
bat thuong nhu cit dién may phat, cat dién duong day tai 16n, gia ting tai dot
ngdt, cit may bién ap, va nguy hiém nhat 1a ngan mach xay ra. Ngin mach can
Xem Xét tai cac bus clia cac tram bién ap cong suét 16n, cac duong day lién két
giita cac nha may dién va giira cac ving voi nhau. Ngan mach can xem xét gdm
cac dang nhu ngan mach mot pha, hai pha, ba pha,... voi vi tri tai tit ca cac
thanh g6p va doc cac dudng day truyén tai. P4i v6i diém ngan mach trén dudng
day duoc Iya chon 13 doc tir dau duong day dén cudi duong day.
= Xic dinh viing quan sat: 1 ving bao gdm cac phan tir hay nhom céac phan tir
ctia hé thong dién ma ¢ d6 xuat hién cac diém ngan mach giy mat 6n dinh hé
thong dién. Chl y cac thanh gop chinh, cac dudng day truyén tai c6 cong suat
16n, céac thanh cai tai dau cuc may phat, & cac tram bién ap cong suét 16m, va
chl'y cao murc tai cuc dai.
= Mo phéng ché d§ qua dd: st dung chuong trinh mé phong chuyén dung dé
danh gia 6n dinh dong cho h¢ th6ng dién. Tién hanh mo phdéng va xép mau dir
liéu vao tap 6n dinh va tap khong 6n dinh theo luat (1.6) nhu trinh bay &
chuong 2.
= Chuén hoa dir liéu: dir liéu cua cac bién c6 cac don vi do khac nhau s& 1am
anh huong dén két qua tinh toan trong nhin dang. Dir liéu thu thap can chuin
hoa trudc khi dua vao khau trich xuat tri thirc hay hoc. Phuong phap chuan
hoéa dit liéu phd bién duge ap dung theo biéu thire sau:

zi=[xi;-m(x;) o (xi)) (5.1)
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Trong do: x;; 1a dit liéu ban dau cua bién thir j; m(x;) 1a gid tri trung binh dix
liéu ctia bién thtt j; o(x;j) 14 d6 léch chuan cta dir lidu ciia bién tha j; z; 1a dit

li¢u chuan hoéa cua bién thu ;.

Xay dung so do hé théng dién

Y
Xac dinh cac ché d6 van hanh

Y

Xac dinh cac vi tri su ¢

!

Xac dinh vung quan sat

|

M6 phong ché d6 6n dinh qua do

Mau ché d6 6n dinh Mau ché a6 khdng 6n dinh

|

Tap mau ché d6 6n dinh va khong 6n dinh

!

Chuan hoa dix liéu

( Két thuc )

Hinh 5.2 Quy trinh xay dung tdp mau
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5.3 NGHIEN CUU BE XUAT QUY TRINH CHON BIEN PAC TRUNG

S6 bién dau vao ban dau thuong rat 16n. Lua chon bién 1a chon tap bién dic
trung, that ra 1a giam khong gian bién, gitp giam chi phi do ludng cam bién, giam
chi phi tinh toan va thoi gian huan luyén. Giam bién phai dam bao do chinh xac
nhan dang ky vong, tuy nhién trong mot sé trudng hop sé cai thién do chinh xac
nhan dang do loai duogc bién nhiéu. Van dé chon bién dugc céc tac gia trong [37]
trinh bay mot cach tong quat véi quy trinh cac bude chon bién. Tuy nhién, cac
cong trinh cong bd trong linh vuc chan doan 6n dinh hé théng dién chua trinh bay,
giai thich mot cach c6 hé thong vé k¥ thuat loc (Filter) va k¥ thuat bao goi
(Wrapper).

K¥ thuat chon bién Filter c6 wu diém 1a don gian trong tinh toan, tuy nhién
phuong phap nay chua cho biét duoc do chinh xac nhan dang. Ky thuat Wrapper
¢ vu diém 1a cho biét duge do chinh x4c nhan dang, nhung nhuoc diém chinh 1a
t6n rat nhiéu thoi gian tinh toan nén khong kha thi trong thue hién véi tap bién c6
s6 bién ban dau 16n. Luu ¥ rang d6 chinh x4c nhan dang 13 yéu ciu quan trong xay
dung mo hinh nhan dang. Tir nhitng phan tich trén Nghién ctru sinh dé nghi quy
trinh chon bién két hop k¥ thuat Filter va Wrapper (F&W) theo quy trinh nhu
Hinh 5.3 gdm 5 budc: X4y dung tip bién ban diu, Tim kiém tip bién ing vién,

Huén luyén, Panh gia, Chon tip bién.

e Buéc 1. Xay dung tap bién ban dau: Co s¢ dit liéu 6n dinh qua d6 hé théng
dién ban dau 13 D={x,y;}",, trong do x; 13 vector dic trung trang thai vin hanh
hé théng dién voi n bién dau vao, N mau, va y; 1a bién dau ra tuong timg. Co s

dir liéu D biéu dién dudi dang ma tran nhu sau:

x{n bién vao} y{1 bién ra}

[ : | f_l_ﬁ

T Y2 - Ny N
= )C21 xZZ e xZn Y 2
N mau -
v v e X W
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Bién dau vao ¢ ché do dong chira thong tin ché do xac lap va ché do su cb, két
hop voi1 y kién chuyén gia chon cac bién ban dau gém do lech dién ap tai cac
bus delVpys, d0 16ch cong sut tai delP g, d0 1éch cong sudt trén cac dudng day
truyén tai delPso,. Bién dau ra dugc ma hod dang nhi phan, {1} la ‘6n dinh’,
{0} 1 ‘khong 6n dinh’. Piéu nay 1am cho bai toan chian doan on dinh dong hé
thng dién 12 bai toan phan 16p.

e Buwéc 2. Tim kiém tip bién ng vién: Budc ndy nhim tim kiém cac tap bién
g vién tiém nang, tic 14 cac tap bién co kha ning cho hé thong nhan dang
lam viéc voi do chinh xac cao. O budc ndy, cac tidu chuan théng ké dé danh
gia chon tap bién dugc sir dung gom tiéu chuin Fisher, Divergence hay SM
dugc trinh bay theo biéu thirc (4.1), (4.2) va (4.9) cia chuong 4.

e Buwéc 3. Hudn luyén: Tat ca cic tdp con bién tmg vién & budc 2 déu duoc
huan luyén dé tim tap bién t6t nhat. Pay cling ¢6 thé duoc xem nhu 13 budc
tién xac dinh bd phan 16p. Tuy nhién, trong budc nay nghién ciru sinh dé nghi
ap dung bd phan 16p K-NN nho vao tinh don gidn va tinh toan nhanh cta no.

Dé danh gid sau khi hoc xong mé hinh nhan dang c6 kha nang nhan biét
duoc cac miu mai, cling nhu khong 1am mét tinh tong qua ctia mé hinh nghién
ctru. Tap dir liéu ban dau duoc chia thanh tap hoc hay tip huin luyén va tap
kiém tra. Viéc téng quat héa cia moé hinh nhan dang thé hién qua viéc phan
tich 6 chinh xac tdp mau kiém tra hay tap mau khong tham vao qua trinh huan
luyén.

e Budc 4. Panh gia:

Do chinh xéc tong thé phan 16p dugc tinh theo cong thire (5.2).
AccRate(%) = n—l\;.loo (5.2)

Trong d6: n, 1a s6 mau phan 16p diing. N 1a tong s6 huan luyén.
Do sai s6 phan 16p tong thé duoc tinh theo cong thire (5.3).
ErrRate(%)=1-AccRate (5.3)
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e Budéc 5. Chon tap bién: Diy 1a bude ra quyét dinh chon tap bién sau cung.
Tap con bién dugc chon la tap con bién cho dd chinh x4c phan 16p cao nhét

trong cac tap con ing vién.

T

Xay dung tap bién ban dau

!

Tim céc tap bieén tng vién

v

Huén luyén

v

Danh gia
L 2

Chon tap bién

y
¢ (  Kétthac )

Filter

—>«

Wrapper

Hinh 5.3 Quy trinh chon bién dic trung F&W

54 TRICH XUAT TRI THUC

Trich xuét tri thirc 1 xay dung bd phan 16p hay bd nhan dang 1am nhiém vy
hoc tri thire tr mdi quan h¢ vao-ra. Sau khi qua khau chon bién thi tap bién duoc
chon 1a vector z c6 d bién dic trung véi d<n, d bién 1a dai dién cho dit liéu ban dau
v6i co s¢ dit liéu méi Dy ={z;, V; 1y . Nhu vay, day la budc xay dung quan hé
dau vao va dau ra 13 ynewi=frew(Zi). Trong budc ndy, cic giai thuat hoc dugc sir
dung dé trich xuét cac tri thic vé mbi quan hé gitta dau vao va dau ra, tri thirc

dugc luu trir trong cau tric ctia b phan 16p.
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55 DANH GIA

Diy 1a buéc danh gia vé kha ning tong quat héa ctia mé hinh sau khi huin
luyén xong. Kha ning tong quat héa ctia mo hinh thé hién qua viéc mé hinh nhan
dang dugc cac mau méi hay mau kiém tra. P9 chinh xéc téng thé nhan dang va 10i
nhan dang dugc tinh toan theo cong thirc (5.2) va (5.3). Mot yéu cau quan trong la
bd phan 16p phai c6 d6 chinh xac phan 16p cao. Co nhiéu chi s6 dé danh gia hiéu
suat phan 16p cia b phan 16p dwa vao ma tran 1an 16n (Confusion Matrix) [62].
Bang 5.1 trinh bay ma tran 1an 16n kich thudc 2x2 cho bd phan 16p c6 2 16p danh
gia do chinh xac nhan dang. Hai 16p & day gdm 16p duong (positive - P) va 16p 4m
(negative - N). Bang nay cho biét s6 mau chan doan dung va sé mau chin doan sai

cho mdi 16p trong 2 16p.

Bang 5.1 Ma tran 14n 16n kich thuéc 2x2

Lop Ding

P N

P TP FP
L6p duoc
chan doan

Trong do:

= TP (true positives -TP) 1a s6 lugng mau duong duoc bd phan 16p phan 16p
dang vao 16p duong.

= FP (false positives -FP) 1a s6 luong mau am dugc bd phan 16p phan 16p sai
vao lop duong.

= FN (false negatives) 1a s lugng mau 4m duoc bd phan 16p phan 16p sai vao

16p duong.
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= TN (true negatives) 1a sé luong mau 4m dugc bd phan 16p phan 16p dung

vao 16p am.

Bang 5.1 trinh bay cac chi s6 danh gid bo phan 16p dya vao ma tran 1an 16n.
Ngoai d6 chinh xac tong thé nhu di trinh bay ¢ cong thie (5.2), hai do do dugc
dung dé danh gia chat luong cta thudt toan phan 16p d6 12 do chinh xéac (Precision-
Pre) va d6 hdi tudng (Recall-Rec). F-Score 1a chi sb do luong d6 chinh xac kiém
tra, cO xem xét dén ca do chinh xac va do hoi tudng. F-Score co thé duoc xem nhu
1a trong sb trung binh ciia do chinh xac (Pre) va do hoi tuong (Rec). F-Score dat
gia tri tot nhat 1a 1 va x4u nhét 12 0. Chi s do do F-Score cao thé hién mo hinh
phan 16p dat su cAn bang gitta 46 chinh xac (Pre) va do hoi twong (Rec), va khing
dinh chat luong ctia md hinh phén 16p cao. Céc chi sd d6 do danh gia chat luong

bo phan 16p dua vao ma tran 1an 16n duoc trinh bay ¢ bang 5.2

Bang 5.2 Cac chi s6 d6 do danh gia bo phan 16p dua vao ma tran 13n 16n

Do chinh x4c tong thé AccRate=(TP+TN)/(TP+FN+FP+TN)
Do chinh xac Pre=TP/(TP+FP)

Do hoi tuong Rec=TP/(TP+FN)

F-Score F-Score=2 x Pre x Rec/(Pre+Rec)

5.6 BIEU DIEN KET QUA
Pay 1a budc hién thi két qua, bién dich két qua, va bidu dién két qua giap
cho van dé tré nén truc quan, d& hiéu va d& sir dung hon.

Biéu dién két qud dang thanh

B6 phan 16p sau khi huén luyén xong duoc xem 1a mot ham quyét dinh, khi
nhan tin hi¢u dau vao thi ham quyét dinh nay tinh toan gia tri ddu ra. Gid tri dau ra

1a chi s6 6n dinh twong d6i. Chi s6 6n dinh twong ddi (relative stable index - SI) va
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chi sb twong ddi khong 6n dinh (relative unstable index - Ul) dai dién cho trang
thai 6n dinh va khong 6n dinh ciia hé thong dién. Két qua nay c6 thé biéu dién mot
cach truc quan trén mot man hinh quan sat. Khi d6 SI va UI thé hién do on dinh va
khong 6n dinh tuong dbi cua hé thong dién, va c6 thé biéu dién nhu so dd Hinh
5.4. Trong d6, chi s 6n dinh twong d6i dugc biéu dién bang thanh dimg mau
xanh, chi s6 khéng 6n dinh tuong dbi dugc biéu dién bang thanh dimg mau do.
Trong bai toan phan 16p c6 hai 16p thi nhin 16p ciia miu dwoc gan nhin sé nhi
phan. Gia tri dau ra cia cac bo phan 16p dugc tinh toan nhu luat (4.17), trong do
nhin ‘1’ 1a 6n dinh va nhan ‘0’ 12 khong 6n dinh. Gia tri chi s6 6n dinh tuong d6i

1a tir 0 dén 1. Vi vay, quan hé giira SI va UI theo phuong trinh (5.4).

SI+UI=1<UI=1-S] (5.4)

Hinh 5.4 So d6 thiét ké man hinh quan sat

B6 phan 16p duoc huan luyén chua tri thie vé trang thai 6n dinh hé théng
dién. Ham quyét dinh cho két qua vé chi sé 6n dinh va cho biét biét diém 6n dinh
cach bién bao xa. Bai toan phan 16p 1a hai 16p va gan nhan nhi phén véi nhan 17 1a
6n dinh va nhan ‘0’ 1a khong 6n dinh. cho nén, bién phan dinh giita hai 16p 1a tai
gia tri 0,5. Tuy nhién, trong thuc té két qua phan 16p ¢ nhitng diém nam & ngay
ranh gi6i gitta 16p On dinh va 16p khong on dinh hodc ving lan can xung quanh gia
tri 0,5. Pay 1a ving nhan dang khong chic chan hay khong xac dinh. O Hinh 4.4,
vung khong chin chin 14 viing ké soc, ving nay c6 d6 rong 1a (2x€) hay co gia tri
tir (0,5-€) dén (0,5+€), & c6 gia tri nho va la gia tri ndi 1ong dé phan dinh cho ving

khong chac chan.
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Trong bai b4o (I11), tac gia da trinh bay mot thiét ké man hinh hién thi trang
thai 6n dinh dong hé thdng dién, so dd thiét ké cu thé dugc trinh bay & Hinh 5.5.

Man hinh giam sat gém cé 5 khau:

= Khdu hién thi chi sé 6n dinh SI va UI: khau nay cho biét chi sé SI va Ul dugc
tinh toan trong pha van hanh hay pha nhan dang.

= Khdu thé hién trang thdi hé thong dién: Khau nay thé hién két qua trang thai
on dinh hé théng dién duoc chan doan. Két qua dugc chan doan gém ¢ ba ché
d6 1a: ché d6 “On dinh’, ché dong ‘khong on dinh’, va ché do ‘canh bao’. Ché
dd ‘canh bdo’ 1a vung nhan dang khong chic chén.

= Khdu thé hién hanh ddng hoat dong: Khau nay chi thi canh bao diéu khién.
Trong trudng hop két qua nhan dang 13 *6n dinh’ thi ché do canh bao dat & ché
d6 binh thudng. Trong trudng hop két qua nhan dang 12 ‘mat on dinh’ thi ché
d6 canh bao dit & ché do ‘diéu khién khan cap’. Trong trudng hop két qua
nhan dang 13 ‘canh bao’ thi Khuyén nghi 1a xép vao tinh trang ‘khan cap’ dé ra
quyét dinh diéu khién nham tranh tinh trang mat 6n dinh déng tiéc xay ra.

= Khdu cira s6 man hinh: Khau nay thé hién chi sé 6n dinh cia hé thong dién.
Thanh mau xanh thé hién cho chi s6 6n dinh (SI) va thanh mau dé thé hién cho
chi s khéng 6n dinh (UI).

= NUt RUN va nit CLOSE: Man hinh thiét ké nat RUN dé khi chon thi chuong
trinh dugc dua vao ché dong hoat dong va chon nit CLOSE dé ding chuong
trinh.

monit - -

§ i ||

‘
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(1
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crose [
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Hinh 5.5 1a minh hoa cho trueong hop két qua chian doan hé théng dién 1a on

dinh. Chi s6 6n dinh turong dbi SI =1 va chi s6 khdng 6n dinh twrong dbi Ul =0.
Biéu dién két qua dang diém trong khong gian hai chiéu

Véi cach biéu dién man hinh quan sat nhu vira trinh bay cho biét dugc chi sd
6n dinh twong dbi va trinh dién ¢ dang thanh. Mot ¥ tuong dugc dé xuit dé thiét
ké man hinh giam sat biéu dién diém lam viéc trang thai on dinh dong cua hé
théng dién. Y tuong nay chuyén két qua diu ra ctia bo phan 16p thanh diém lam
viéc on dinh dong cia hé théng dién va bidu dién trén mat phang khong gian hai
chiéu. Pé thyuc hién diéu nay, dat truc tung la tryc khong on dinh, y, va truc hoanh

1a tryc 6n dinh, x. Nhu vy, phuong trinh (5.4) dugc viét lai thanh (5.5) hay (5.6).

x+y=1 (5.5)

& y=-x+1 (5.6)

Phuong trinh (5.6) cho thiy quy dao diém lam viéc cia trang thai 6n dinh
dong hé thong dién 1a mot dudng thang. Hinh 5.6 13 so d6 thiét ké man hinh giam
trang thai on dinh dong hé théng dién trong khong gian hai chiéu. Trong Hinh 5.6,
tam gidc OAX; 1a vung on dinh, tam gid OAY la vung khong on dinh, va vung ké
soc OA 1a vung khong xac dinh. Xy(1,0) 1a toa d6 cua diém hoan toan on dinh véi
chi s6 6n dinh tuong d6i bang 1 va chi s6 khong 6n dinh bang 0. Pay 1a diém mau
xanh minh hoa trén Hinh 5.6. Y(0,1) 1a toa d6 ctia diém hoan toan khéng 6n dinh
v6i chi s6 khong on dinh tuong dbi 1a 1 va chi s6 6n dinh twong ddi lic nay 1a 0.
Ving lam viéc khong chin chin cua truc 6n dinh x c6 d6 rong 1a (2x¢) hay c6 do
rong tir (0,5-¢) dén (0,5+¢). Khi do, vang lam viéc khong chic chin, ving ké soc
OA, c6 d0 rong (2x ex /2 ), & c6 gia tri nho va 14 gia tri ndi 1ong dé phéan dinh cho ving

khong chac chan.
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Hinh 5.6 So d6 thiét ké man hinh giam séat trong khong gian hai chiéu

Trong trudng hop bd phan 16p cho két qua thudc mién khong chin chan thi
cong cu tinh toan s& xép truong hop nay vao ché do canh bao (warning mode) va
theo y kién chuyén gia thi viéc diéu khién khan cap 1a can thiét cho truong hop

nay dé tranh rui ro ra ludi.
5.7 NGHIEN CUU BE XUAT QUY TRINH GIAM KHONG GIAN MAU

Ap dung k¥ thuat phan 16p trong nhan dang 6n dinh qua d hé théng dién ddi
mit v6i van dé kho khin vé kich thuée dir lidu rat 16n. Mot nhu cau can thiét 1a
chon tap dir li€u tin gon, dic trung mang tinh dai dién giap lam gidm chi phi tinh

todn, giam bd nhd may tinh, nang cao do chinh x4ac nhan dang.

C6 nhiéu giai thuat phan cum di liéu, trong d6 giai thuat trir nhém Chui [68]
¢4 nhugc diém 1a chiu anh huong rat manh vao gia tri ban kinh 1an can r,. Néur,
nho thi thi sb lugng nhém 16n va ngugc lai néu ban kinh r, 16n thi sb lugng nhém
qua nho din dén mat thong tin dir liéu gdc nén khong kha thi trong ap dung ddi voi
khong gian dit liéu ¢ kich thudc 16n. Giai thuat tdi wu bay day dan [69] c6 kha
ning tim kiém s6 nhom tdt, tuy nhién giai thuat nay gip ganh ning tinh toan nén
cling khong phu hgp trong &p dung cho thuat phan cym dir liu véi khong gian di

liéu ¢o kich thudce 16n.

Giai thuat phan cum dir liéu phd bién va don gian 1a K-means (KM). Giai
thuat K-means c¢6 wu diém 1a tinh toan nhanh, va xu ly tap dir li€u co kich thudc
16n. Tuy nhién, gidi thuat KM c6 nhuoc diém chinh 1a rat nhay cam véi tdm duoc

khoi tao ban dau va co thé din dén két qua hoi tu dia phuong. C6 nhiéu phuong
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phap dé cai thién chit lugng giai thuat K-means. Nhitng cai thién nay khac nhau &
cach chon tim ban dau. Trong d6, giai thuat trir nhom Chui va giai thuat t6i wu bay
day dan c6 thé ap dung dé khoi tao tim cho KM, tuy nhién qua nghién ctiru phan
tich ciing nhu thuc nghiém thi cic giai thuat nay khong pht hop ap dung dé khoi
tao tdam cho K-means trong truong hgp dir li¢u co kich thudc 16n do ganh nang

tinh toan.

Phuong phap khoang cach Max-Min don gian trong tinh toan, c6 uu diém la
s6 tam khai tao ban dau dua vao khoang cach Max-Min nén cac tam nhom duoc
khoi tao gidn déu trong khong gian tap dir liéu, cho nén khong lam mét thong tin
dir liéu ban dau. Do d6, giai thuat Hybrid K-means (HK) duoc dé xuat ap dung dé
khiac phuc han ché cua giai thuat KM. Pay la giai thuat lai dugc két hop boi
phuong phap khoang cach Max-Min (MMD) va giai thuat KM. Trong do, MMD
12 nhiam khdi tao tdm ban dau cho KM. Giai thuat HK duoc dé nghi ap dung nham
thyc thi giam kich thudce khong gian mau. Giai thuat KM va HK duoc trinh bay &
Bang 5.3 va 5.4 tuong Ung.

5.7.1 Giai thuat KM

K-means [62], [70] 1a giai thuat phan cum ma dai dién cac cum boi trung tam
ctia cac phan tir trong cum. Phuong phap nay dya trén do do khoang cach cua céc
déi tuong dit li€u trong cum. Tam dai dién dugc xem nhu la trung tdm cia cum.
Nhu vay, K-means can khéi tao mot tap k tam ban dau, va thong qua do giai thuat
1ap lai cac budc gdbm gan mdi d6i twong ti cum gan tim, va tinh toan lai tAm cua
mdi cum trén co s& gan méi cho cdc mau. Qua trinh nay ding khi cc tim khong

doi.

Thuat toan K-means s€ tao ra k cum dir liéu {C,, C,,..., C¢} tor mdt tép dir
liéu chira N mau trong khong gian d chiéu x = {Xi1, Xi2,-..., Xia},» 1=[1,N], sao cho
ham tiéu chuan dat gia tri cuc tiéu. Tiéu chuén do6 léch binh phuong, hay ham muc

tiéu D dat gia tri cuc tiéu nhu biéu thic (5.7).
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De=3" > -m| (5.7)

n (5.8)

Trong d6: m; 1a trong tdm cua cum C;, X, 1a vector ph?m tir trong nhom i, n; l1a

s6 lwong cac vector phan tir trong nhém tht i, ||.|| 1a khoang cach Euclide.

Khoang cach Euclide gilra hai vecto x; va y; c6 kich thudc 1 dugc tinh theo

biéu thirc (5.9).

d(x; ’yi):4 /Z(Xi V)’ = ”Xi -Yi ” (5.9)

Tham s6 dau vao cua thuat toan la s6 cum k, va tham so dau ra cua thuat toan

la cac tam cua cac cum dir liéu.

Bang 5.3 Giai thuat KM

Giai thuat KM

Pau vao: X{X1,X2,...,Xn} tAp mau ban dau véi s6 bién 1a 1 va s6 mau 1a N.
Cai dat k tam ban dau.
Dau ra: C{C1,Cy,...,c1}=C{c,} tap tam dai dién co k tdm ban dau, p=[1,k].

Khéi tao k tam ban dau ngﬁu nhién, C{cy,Cy,...,Ck}
Tinh toan khoang cach Euclide tir cac mau x; dén cac tim ¢y, d(X,C).
Dua céc x; vao ¢, thoa diéu kién biéu thire (5.7).

Xéc dinh tam moi dya vao biéu thuc (5.8).

o~ D

Lap lai budc 2 dén budce 4, giai thuat dimg khi tdm khong doi.
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5.7.2 Giai thuat Hybrid K-means (HK)

Giai thuat phan cum KM c6 nhugc diém la rat nhay cam véi tam khoi tao ban

dau va c6 thé bi roi vao cuc tiéu dia phuong [62], [70]. Giai thuat HK 1a giai thuét

cai tién cla giai thuat KM véi chién luge khoi tao tAm ban dau dya vao phuong

phap khoang cach Max-Min (MMD) [71].

Bang 5.4 Giai thuat HK

Giai thuat HK

Dau vao: X{X1,Xs,...,xn} tap mau ban dau voi so bién la 1 va so mau la N.

Pau ra:C{cy,C,,.. ..ckp=C{c,} tap tdm dai dién c6 k tdm ban dau, p=[1,k].

NGO

Khdi tao tam ban dau dwa trén khoang cdach Max-Min

Tinh khoang cach giita cac diém trong tap dit lidu va chon hai diém c6
khoang cach 16n nhat lam hai diém tam ban dau.

di=max|[x-Xjl| voi 1<i,j<N; i#j; p=2; M=d;; (5.10)
0=M/k (5.11)

Chon hai tdim ban dau C{cy,C,}; €1=X;; Co=X;.
Know=X\C (5.12)

Trong do: x;, Xj 1a hai mau i va j trong tip mau; ||.|| 1a khoang cach Euclide.
Npow 12 s6 miu cta tap mau X,ow tai thoi diém tinh toan cua giai thuat. 0 1a
khoang cach gitra hai tam hay la ngudng.

Tinh toan khoang cach nhé nhat giita mdi mau cta Xpow dén mdi miu cua
C{Cl,Cz,. . .,Cp}.
di=min||x; —C,|| v&iie[1,Nnow], pe[1,K] (5.13)

Tim tam thi p=(p+1) voi p<k
dz; =max(d;) vdi i€[1,Npon], p€[1,K] (5.14)
Néu dz>0 thi  C=CUX; ; Xnow=X\C
N, 0w 12 $6 miu caa tap mau X, tai thoi diém tinh toan cta giai thuat.
Lip lai bude 2 va bude 3, diéu kién dung: p>k.
Giai thudt KM
Tinh toan khoang cach Euclide tir cac mAu x; dén cac tam cy, d(X,c).
DPua cac x; vao ci thoa dicu kién cong thire (5.7).

Xéc dinh tim m6i dya vao cong thuce (5.8). 9
Lap lai bude 5 dén budce 7, giai thuadt dung khi tAm khong doi.
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5.7.3 D¢ xuit quy trinh giam khong gian mau

Pé thuc hién giam khong gian mau, Luan an dé nghi quy trinh gdm 5 budc:
Chuén bi bd mau ban dau, Xay dung cac tap mau con, Tim cac tdp con Urng vién,
Huén luyén, va Danh gia chon két qua. Quy trinh giam khong gian mau dugc trinh

bay nhu Hinh 5.7.

Chuén bi Xay dung cac Tim tap bién ’
tAp mau tAp mau con g vién Huan luyén bénh gid
<4+ >
D(S) ¥ Phéncum
D(S,U) sy ] M Ll panga || kétqus
! ) luyén
D(U) | Phancum T

Hinh 5.7 Quy trinh giam khong gian dir liéu

Buéc 1. Chuan bi b miu ban dau. Pay 1a budc chuan bi bd miu ban dau cho
giai doan giam khong gian miu. B mau di qua khau Iya chon bién dic trung 1a
tap mau gdm tdp mau 6n dinh D(S) va tip miu khong 6n dinh D(U). Toan tdp mau

ky hiéu 1a D(S,V).

Buéc 2. Xay dung cac tip miu con. Budc niy ap dung giai thut phan cum dé
rit gon lan lugt trén timg tdp mau S va tdp mau U. Tap S sau khi giam mau 1a Sg,
ky hiéu 12 CL(Sg).Tap U sau khi giam mau 1a Ug ky hiéu 1a CL(Ug). Vi du bd
mau 6n dinh ban dau D(S) co thé rat gon lan luot c6 sb mau 1A
CL(Sr={S1,S>....,Si}), i=[1,0]. B6 mau khong 6n dinh ban d¢au D(U) c6 thé rit gon
lan luot ¢6 s6 mau 1a CL(Ug={U1,Us,...,U;}), j=[1,p].

Budéc 3. Tim kiém cic bd miu con vng vién. Budc niy ap dung phuong phap
tim kiém cac tap mau con duoc dit tén 1a ‘Phuwong Phap Tim Kiém Tuan Tu-
Sequential Search Method (SSM)’ nham xac dinh s mau rat gon phu hop Sg; va
Ugj CL(Sri,Ugj) nho danh gia do chinh xac tir by phan 16p. Luan an st dung két
hop tudn tw bd miu (Sg={S1,Sy,...,Si}, i=[1,q]) va bd miu (Ug={U1,Us,...,.U;},

67



Nguyén Ngoc Au

j=[1,p]) dé tao timg cip bd dit litu CL(Sk;,Ug;). Cu thé cac kha ning hinh thanh
cac b6 do héu con la: {CL(Sl,Ul), CL(Sl,Uz),..., CL(Sl,Up); CL(Sz,Ul), CL(Sz,Uz),...,
CL(SZ,Up);. .;CL(Sq,Ul),.., CL(Sq,Up)}.

Budc 4. Hudn luyén. Cac bo dit liéu con da két hop & budce 3, CL(Sg;,Ug;), dugc str
dung lam céc tap hoc. Tap mau nguyén thuy, D(S,U), dugc str dung lam tap kiém
tra. Trong budc nay bd phan 16p K-NN duoc dé nghi 4p dung nhd vao tinh don

gian va tinh toan nhanh cua no.

Bwéc 5. Panh gia. Do chinh xac phan 16p tong thé dugc tinh theo cong thirc
(5.2). Day la buéc danh gia gitip chon tip mau con sau khi rat gon hay gidm mau.
Tap mau con dugc chon 1a cum mau dat d6 chinh xac phan 16p cao nhét trong
vung khéo sat.

5.8 NGHIEN CUU BE XUAT MO HINH BQ PHAN LOP CAI TIEN NANG

CAO PO CHINH XAC NHAN DANG (ADVANCED PARALLEL
CLASSIFIER MODEL-APCM)

5.8.1 Xay dung mo hinh phan 16p lai dwa vao ning lugng mau

Dit liéu 6n dinh dong hé thdng dién c6 kich thuéc 16n va phac tap. Biéu nay
dan dén bd phan 16p don gip kho khin khi hoc bién giira cac 16p. Trong bai bao da
cong b (11), tac gia da sir dung nang luong mau dé tach bo dit liéu ban dau thanh
cac nhom dir lieu con. M6 hinh phén 16p lai (Hybrid Classifier Model-HCM) bay
gio gom nhiéu bo phan 16p con song song. Mdi bo phan 16p con chi hoc bién giita
cac lop cua riéng cac nhom dix liéu con cho nén viéc hoc don gian hon. Vi vay do

chinh xac phan lop sé dugc cai thién.

Dé xay dung md hinh HCM, bai bao (I1) di d& nghi quy trinh gom 4 budc:

Lya chon bién, Tach dit liéu, Huan luyén, Panh gia, Hinh 5.8.

Dit liéu —»| Luachonbién ~—® Tachdirliéu —# Huédn luyén — Danh gia — Két qua

Hinh 5.8 Quy trinh x4y dung mo6 hinh HCM theo ning luong mau
= Lwa chon bién: tac gia da ap dung phuong phap xép hang bién (FR) voi

chuan Fisher va chuan Divergence, va giai thuat SFFS véi chuan SM nhu da
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trinh bay & chuong 4. Két qua chon bién di trinh bay trong céc cdng trinh
céng bd va & chuong 6.

= Tach dir liéu: Mau duoc tach ra dya vao ning luong cua mau. Ning luong
ciia mau duoc trinh bay theo cong thic (5.15).

E =xZ+X5+..+X] (5.15)

Dé tach mau, dit liéu ban dau duoc chia thanh k tap con hay cum con. Mi
cum con chtra mau 6n dinh va khdng 6n dinh, CL(S,U). C4c miu ¢6 mic ning
lugng gan nhau s& duoc gom cing mot cum. Mdi bo phan 16p con duoc xay
dung, huan luyén va kiém tra, chi trén m&i mot tap dir liéu con cua né. Nhu
vay, s6 bo phan 16p song song bang vai s6 cum con duoc tach ra. Vi du, néu 2
cum dir liéu con duogc tach ra thi c6 2 bo phén 16p song song trong mé hinh
HCM duogc xay dung.

= Huan luyén: Pay 1a qua trinh trich xuat tri thirc hay hoc quan hé vao ra.

= Panh gia: Do chinh xac tong thé phan 16p dugc tinh theo cong thirc (5.2) nhu

d3 trinh bay ¢ phan trén cta chuong nay.
5.8.2 Mo hinh HCM dé nghi

Mo hinh HCM d& nghi nhu Hinh 5.9 gdm: Dau vao, B phan phéi, Bo phan 16p

lai, va Dau ra.

HYBRID CLASSIFIER

Classifier;

[INPUT]—»(DISTRIBUTOR OUTPUT )

Classifiery

Hinh 5.9 M6 hinh HCM dé nghi

» Pau vao: Pau vao cé vec-to véi bién duoc lya chon & budc chon bién.

= B phan phéi: Mot hinh da duoc thiét ké thi nang lwong cua mot mau caa mot
cum con nam trong khoang gid tri tir o, dén o, p=[1,1], g=[2,h]. Dya theo luat
(5.16) Bo phan phdi s& giri mau kiém tra hay mau méi dén dung Bo phan 16p

con cua no.
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= B phan lép lai (Hybrid Classifier): Bo phan 16p lai gom cac Bo phan 16p
con song song, bai bao (I1) tac gia 4p dung mang GRNN dé xay dung cac Bo
phan 16p con. M&i B phan 16p con duoc huan luyén voi méi bo dit liéu con

riéng biét cho nén cac Bo phan 16p con nay c6 thdng sé khac nhau.

Néu Ee[oy ay) thi x;eClassifier,

Néu Ee[a,as) thi x;eClassifier, (5.16)

Néu Ee[oyap] thi x;eClassifier,,

= Pau ra: Pau ra duoc gan nhan nhi phan cho bai toan phan 16p. Do van dé sai
s6 trong tinh toan caa Bo phan 16p tng dung mang no-ron, gia tri dau ra cia
cac bo phan 16p duoc tinh toan theo luat (5.19) nhu trinh trong phan tiép theo
sau.

Mo hinh HCM dé nghi di duoc trinh bay trong bai bao (11) va kiém tra két qua
trén so d6 IEEE 39-bus. Két qua cho thay y tuong tach mau thanh cac nhom con
dé xay dung cac Bo phan con di gip mé hinh song song cai thién duoc do chinh
X&c so v6i mo hinh don. Tuy nhién, viéc dua vao gia tri ning lugng mau dé tach
nhom dix lidu gap phai van dé kho khan trong xac dinh ranh giéi dé tach nhom ra.
Trong bai béo (11), tac gia da dé xuat chia déu khoang gi4 tri niang luong mau theo

s6 nhodm can tach ra cho nén két qua van chua tdi uu.
583 Y tudng xay dung mo hinh APCM duya vao ky thuat phan cum dir li¢u

Mic du thyc hién giam khong gian bién va giam khong gian mau nhung dir liéu
dai dién ché do 6n dinh dong hé thé)ng dién van rat phtrc tap, phi tuyén cao lam bo
phan 16p don gap kho khan khi hoc bién gitra cac 16p. Trong khi d6, dd chinh xéc
phan 16p 14 gi4 tri myc tiéu quan trong nhat danh gia hiéu qua lam viéc ciia b
phan 16p. Dé giai quyét van dé nay, Luan an dé nghi mé hinh bd phan 16p cai tién
ung dung mang no-ron (APCM&NN) chan doan 6n dinh dong hé théng dién nham

nang cao do chinh xac nhan dang hay phan 16p. M6 hinh gém cic mang no-ron
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don két ndi song song nhau, dugc dé nghi tén goi rat gon cho tién loi 1a ‘Mang no-
ron song song cai tién’ dua trén k¥ thuét phan cum dir ligu. Ky thuat phan cum dir
liéu duogc ap dung nham tach dit liéu thanh céc tap con. Giai thuat HK, da trinh
bay & trén, duoc ap dung dé tach dir liéu hudn luyén thanh cac tip con. Nhu vay,
mdi bd phan 16p con chi hoc bién giita cac 16p cua tap dit lidu con riéng cho nén
viéc hoc tré nén don gian hon, va nang cao dd chinh xac phan 16p. Minh hoa cu

thé cho truong hop nay nhu Hinh 5.10.

Lt
+: Class S + -+
Classu | T + - + o+

STy Tyt
- ) + _

Hinh 5.10a

+: Class S

- Class U

* :Center

Cluster; Cluster;

Hinh 5.10b

Hinh 5.10c
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Cluster; Cluster,
Hinh 5.10d

Hinh 5.10 Minh hoa y tuong xay dung mo hinh APCM

Trong do6:

Hinh 5.10a thé hién tap dit liéu ban dau 13 toan bo tap dir liéu, ky hiéu (-) cho
16p U va (+) cho 16p S.

Hinh 5.10b tach bo dit liéu ban dau thanh hai tdp con, (*) ky hiéu cho tdm cua
cac tap con.

Hinh 5.10c thé hién ranh gidi cua hai 16p cta toan bo tap dir liéu, 1a duong
cong gip khuc cho nén b nhan dang s& kho khin trong viéc hoc toan bd bién
phan cach nay.

Hinh 5.10d so sanh véi hinh 5.10c thi mdi tap dit liéu con c6 ranh gidi véi do
gép khuc giam di rat nhiéu cho nén mdi bo nhan dang con s€ hoc vdi bién
phan cach don gian hon, do vay két qua 1a do chinh x4c nhan dang s& nang

cao.

5.8.3.1 Quy trinh xdy dung mé hinh APCM

Céc khau xay dyng mé hinh phan 16p cai tién cu thé gdm 5 budc nhu sau: Chon

bién, Giam khéng gian miu, Tach miu, Panh gia, Hinh 5.11. Trong d6 khau

chon bién va giam khong gian bién di dugc trinh bay nhu phan trén.
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Di ligu Ly Chn bidn Glam khf)ng Tichmau |—) Huin luyén [—)| Pénhgis | Kétqua

ban dau gian mau

Hinh 5.11 Quy trinh xay dwng mé hinh mang no-ron cai tién

e Khau tich miu:

Khau tdch mau nhan dir liéu tir khau giam khong gian mau, ap dung giai thuat
HK dé tach dir liéu dau vao thanh céc tap con. Mdi tap con c6 mot tam dai dién
sau khi thyc hién giai thuat taich nhom. Mbi Bo phan 16p con hoc voi dir li€u cua
ting tap con riéng biét, va nhu vay mdi Bo phan 16p con c6 thong sé khac nhau do
dugc huan luyén doc 1ap. Dir liéu kiém tra 13 dit liéu ban dau, dir liéu chua giam
khong gian mau.

e Khau danh gia:
Day 1a khau danh gia d6 chinh x4c nhan dang dé chon sd bd phan 16p. S6 bod

phan 16p duoc chon trng véi d§ chinh xac nhan dang cao nhét trong vung khao sat.
5.8.3.2 Van hanh mo hinh

Vén dé can giai quyét tiép 1a mo hinh sau khi duoc thiét ké xong thi lam viéc
v6i mau moi hay mau kiém tra nhu thé ndo. Luén an dé nghi mé hinh APCM nhu
Hinh 5.12, gdm 4 b phan: B§ tinh toan khoang cich, B) phan phoi, B4 nhin

dang, By chon ngo ra.

— | Classifer; —
D
0% N\ .
S -
Classifer, E
Input : ; ﬂ N L' | Output
npu Distant Ry E
E Calculator BN| ——_____ ¢
T \ °
o /
a Classiferp, |

Hinh 5.12 M6 hinh APCM dé nghi
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= B¢ tinh toan khoang cach (Distant Calculator):

Trong qué trinh thiét ké moé hinh thi tdm ctia cac cum con, thuc thi ¢ khau
tach mau, duogc luu trir 14 CCry(Cry), k=[1,m]. Mau moi bat ky x; dua vao mo
hinh trudc tién phai qua bd tinh khoang cach. B0 tinh toan khoang cach tinh
khoang cach Euclide tir x; dén cac tim CCry(Cry). Gia tri khoang cach nho nhat
dén tam cua tap con nao thi mau x; s& duoc gan nhan thudc vé tap con hay bo
phéan 16p con d6 twong tng, theo luat (5.17).

d(Xi, CCrk(Crk))=> min (5.17)
Néu {d(Xi,(CCrx(Cri))}=min thi X;e Cluster, and lebelled X; is *k’, k=[1,m]
= Bo phan phéi miu (Distributor):

Bo phan phdi ¢6 nhiém vy phan phbi mau kiém tra dén bo phan 16p cta nd
theo luat (5.18).

Néu lebelled X; is ‘k’, k=[1,m] thi X; € Classifier,, (5.18)

* B0 nhan dang (Classifier):
B0 nhan dang hay B¢ phan 16p gém cac Bo phan 16p con két nbi song song.
Céc b phan 16p con nhén tin hiéu tir B6 phan phdi mau, tinh toan va giri két
qua dén Bo lya chon.
= B§ chon ngd ra (Selector):
Nhan 16p ctiia miu dugc gan nhin sd nhi phan. C6 hai truong hop gan nhan sb
nhi phéan cho ngo ra.
Trwong hop 1: Doi v6i bai toan phan 16p ¢ hai 16p thi 16p on dinh duoc gan nhin
1a 1 va 16p khong 6n dinh duge gan nhan 1a 0. B6i véi mang no-ron tinh toan phéan
16p dua vao ngudng 1am bién quyét dinh va c6 sai sb trong tinh toan [26], [37].
Gia tri du ra ciia cac bd phan 16p dugc tinh toan nhur luat (5.19).
{ ’ Neéu ySE).S thi y=0; I’\Iéu y>0.5 thi ’y:ql (5.19)
Néu y=1thi ‘On dinh’; Néu y=0 thi ‘Mat 6n dinh’

Truong hop 2: Truong hop bai toan phan 16p c6 hai 16p c6 thé gan nhan nhi phan

la Lﬂ cho 16p 6n dinh, va {ﬂ cho 16p khong 6n dinh. Sau diy trinh bay cho
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truong hop téng quat voi bai toan phan 16p gom c6 M 16p thi ma tran ngd ra nhu
Sau:

Léplri 0 0 0]Fi(®)

Lop210 1 0 Of|F(x)

LopMI0o 0 0 1f/Fy(x)

Ngb ra tuan theo luat sb 16n [72], két qua nhan dang dugc xép vao 16p thir k nhu

Sau:
F()>F(X Vvizk (5.20)
Trong do6 Fy(x) va Fj(x) 1a két qua tinh toan tir ham anh xa mang no-ron.
F1(x)
Fi) = | 2™ (5.21)
Fu(x)

59 TOM TAT CHUONG 5

Trong chuong nay tac gia trinh bay cac nghién ctru cac ndi dung cy thé nhu

Sau:

Quy trinh x4y dyung tip mau.

Quy trinh chon bién.

Quy trinh giam khéng gian mau.
= Quy trinh xay dung mé hinh bd phan 16p song song cai tién.

v' Vé van dé xay dung tap miu: quy trinh ldy mau di d& xuat cho bai toan nhan
dang 6n dinh dong h¢ théng dién, va duogc ap dung vao xay dung tap mau voi
két qua ap dung trinh bay ¢ chuong 6 va cc cong trinh cong bd (I-VI).

v’ Vén dé chon bién: Nghién cuu dé xuit quy trinh chon bién mot cach c6 hé
théng cho bai toan nhan dang 6n dinh dong hé thng dién. Két qua nghién ctru
chon bién di dugc cong bd trong cac bai bao khoa hoc di cong bd va &
chuong 6.

v' Vén @& giam khéng gian mau: Tac gia dd nghién ctru va dé xuit quy trinh
giam khong gian mau cho bai toan nhan dang 6n dinh dong h¢ théng dién.

Thuc hién giam khong gian mau, két qua 1a moi nhom con chi can ¢6 mot tam
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dai dién. Nhu vay, viéc cap nhat mau mai khi can thiét that ra 1a cap nhat lai
tam ctia nhom d6 twong tng dua vao khoang cach hinh hoc Euclide. Diéu nay
c¢6 y nghia rat quan trong 13 1am cho mo hinh khong ting dung luong bd nhd
luu trit mau moi, linh hoat trong viéc cap nhat 1am giau tri thirc méi. Vén dé
giam khong gian dir liéu dugc cong b trong bai bao (I).

v' Trong khau biéu dién két qua phan 16p tac gia dd gidi thiu mot thiét ké cong
cu trye quan hién thi trang thai 6n dinh dong hé thong dién. Trang thai 6n dinh
biéu dién bang thanh mau xanh thé hién chi sé on dinh tuong dbi hé thong
dién. Trang thai khong on dinh biéu dién bang thanh mau do thé hién chi s6
khong 6n dinh twong di hé thdng dién. Man hinh hién thi c6 thé duoc sir dung
nhu cong cu huan luyén cho cac van hanh vién quan sat va dé ra ra chién luoc
diéu khién trong cac trudng hop su ¢b khan cip. Van dé nay duoc cong bd
trong bay bao (I11).

v' Vian d& xay dyng mo hinh mang no-ron song song cai tién cho bai toan nhan
dang 6n dinh dong hé théng dién: Luan an da nghién ctru phat hién va dé xuat
dugc phuong phap dé phan chia tap dit liéu thanh cac tip con 1am co sd xay
dung mé hinh mang no-ron song song cai tién. Phuong phap tach tap dir liéu
thanh cac tdp con dwa vao ning lugng miu duoc cong bd & bai bao (I1).
Phuong phap dé xuét giai quyét dugc muc tiéu quan trong cho mé hinh nhin
dang on dinh dong HTD 1a nang cao d6 chinh xac phan 16p. Y tudng tach tap
mau thanh cac tip con gan nhau v clng nhém dua vao giai thuit phan cum

dir liéu duogc trinh bay ¢ chuong 6.
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Chuong 6. UNG DUNG MO HINH APCM CHAN POAN NHANH ON PINH
PONG HE THONG DIEN IEEE 39-BUS

6.1 GIOI THIEU SO O HE THONG PIEN CHUAN IEEE 39-BUS

Hé thong dién IEEE 10-may 39-bus gém c6 39 bus, trong d6 10 bus 13 bus may
phat, 12 may bién ap, 10 may phat, 34 dudng day truyén tai va 19 tai. 10 may phat
dugc két ndi tir bus 30 dén bus 39, trong d6 bus 39 duoc chon 1 bus chuén, 9 bus
duogc 1a bus PV, 29 bus con lai dugc 1a bus PQ, co6 2 cép dién ap khéac nhau la
345kV va 20kV. So d6 hé thong dién IEEE 39 bus dugc trinh bay & Hinh 6.1.

Bass 37
Bus 25 [ I
Bus 26 Bus 28 Bus 1‘9
Bus 30

Bus 38
T Bus 24

Bus 16

I

m
[
in
-

Ll

[

in
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I

h Bus 35 d Bus 35
Bus 4 Bus 21
Bars 5 Bars 2
Bus & B L2 Bus 13

Ep..E 1%

Bus 2
Bus +"

J @ By 10 Bus 38
Bus 34 Bus 13
Bus 3 Bus 31

Hinh 6.1 So d6 hé théng dién IEEE 39 bus
Mo hinh may phat dién cta hé théng dién IEEE 10-may 39-bus st dung mo
hinh GENPWTwoAxis. Diéu khién kich tir sir dung mo hinh IEEET1. Diéu khién
tan s6 st dung mo hinh TGVO1. M&i dudng ddy trén hé thong co chidu dai khac
nhau véi dién tro, dién khang va dung dan khic nhau. Dién tré, dién khang va
dung dan dugc cho trong don vi twong d6i trén tong chiéu dai cua cac dudng day
truyén tai dua vao di¢n ap 345kV. Tai dugc mo ta bdi tré khang ¢b dinh. May bién

ap gom co dién tré Ry va dién khang X, cac gid tri nay 1a gia tri twong duong cua
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cudn ddy so cip va thir cip cua may bién ap, va duoc cho trong don vi tuong ddi
dua trén dién 4p 20kV cho cudn so cap va 345kV cho cudn thir cip. Tt ca cac gia

tri trén hé théng dién dugc cho trén cung hé théng co ban 100MVA.

Diy 1a so dd don tuyén ndi tiéng dwgc nhiéu cong trinh gidi thiéu va ap
dung [16], [26], [27], [31]. Tat ca md hinh c4c phan ti trong so do duogc Iy tir thu
vién phan mém PowerWorld. Théng sb cac phan tir caa HTD IEEE 39-bus dugc

trinh bay & phan phu luc.

6.2 XAY DUNG TAP MAU VA TAP BIEN BAN DAU

Thuc hién mo phong off-line dé thu thap dit liéu cho danh gia 6n dinh dong
HTD véi cac muec tai tur (20,30,...,120)% tai co ban, thoi gian cit ngén mach cai
dit 1a 50ms [12]. Céc su ¢d dugc xem xét 13 ngan mach ba pha, mot pha cham dat,
hai pha tai tit ca cac thanh gop va doc cac duong day truyén tai vdi mdi khoang
cach 5% chiéu dai duong day. O mdi mAu tai, phan mém Powerworld 18 tinh toan
mAu cong sut phat twong tng nhd cong cu tinh toan phin bd cong suit tdi wu
(OPF).

Bién dau vao ¢ ché d6 dong hay qua do chira thong tin ché do xac 1ap va ché
do su b, két hop vo1 ¥ kién chuyén gia chon cac bién ban dau gém do 1éch dién ap
tai cac bus {delVys}, d0 1éch cong suat tai {delPj,q}, dd 1éch cong suét trén céac
duong day truyén tai {delPsiow}-

Bién dau ra duoc gan nhin nhi phan, {1} 1a 16p 6n dinh va {0} 1 16p khong
on dinh. Bién diu vao va bién dau ra 1a x va y. Tong sb bién dau vao 1a
104(39+19+46) bién. Trong d6 c6 39 bién d6 léch dién ap tai cac bus, 19 bién do
léch cong suat tac dung cla tai, va 46 bién do 1éch cong suat tac dung trén nhanh.
S6 bién dau ra 1 bién dau ra y{1,0}.

Quan sat két qua mo phong, trang thai ciia hé thong dién 1a 6n dinh khi do léch
g6c ro-to cua bat ky hai may phat khong qua 180°, khong 6n dinh khi d6 1éch goc
ré-to ctia bat ky hai may phat vuot qua 180°. Tir két qua mo phong, c6 3551 mau
v6i 2649 mau 6n dinh (S) va 902 miu khong 6n dinh (U), ky hiéu tap dir 1a
D(S,U)=D(2649,902). Tap dit liéu dugc chuén hoa trude khi dua vao huan luyén
theo biéu thirc (5.1).
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6.3 CHON BIEN PAC TRUNG
Sau khi thuc hién x4y dung bé mau va bién xong, ap dung quy trinh chon
bién dic trung F&W dé thuc thi chon bién nhu Hinh 5.3.
Budc 1. Tap bién ban dau:
Bién dau vao va bién dau ra 1a x va y. Tong sb bién dau vao 1a 104 bién. S6
bién dau ra 1a 1 bién, y{1,0}. Tap mau D(S,U)=D(2649,902).

Budrc 2. Tim kiém tip bién rng vién:

= Giai thuat 4p dung chon bién:
Pé thuc hién chon bién hai giai thuat dugc gidi thiéu ap dung 1a giai thuat xép
FR va giai thuat chon bién SFFS theo quy trinh chon bién Hinh 5.3.

= Tiéu chuan ap dung chon bién:

07 L L 3 L T

0.6

0.5

0.4

0.3

0.2

0.1

0 r r r =
0 20 40 60 80 100 120

d (Feature)

Hinh 6.2 Xé&p hang bién theo chuan Fisher

Giai thuat xép hang bién (FR) v&i chuan chon bién Fisher va Divergence theo
biéu thirc (4.1) va (4.2) tuong Ung. Giai thuat Sequential Forward Floating
Selection (SFFS) voi chuan chon bién SM theo biéu thic (4.9). Két qua tinh toan
gia tri khoang cach (F) va xép hang bién theo chuédn Fisher duoc trinh bay & Hinh
6.2. Két qua tinh toan gia trj khoang cach (D) va xép hang bién theo chuin
Divergence dugc trinh bay ¢ Hinh 6.3. Két qua tinh toan gia tri khoang cach (Jsw)
theo chuan SM béng giai thuat SFFS trinh bay ¢ Hinh 6.4.

79



Nguyén Ngoc Au

2.5 t L L T T

05r

0 r r r r
0 20 40 60 80 100 120

d (Feature)

Hinh 6.3 Xép hang bién theo chuan Divergence
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d (Feature)

Hinh 6.4 Gia tri khoang cach tinh toan bién bang giai thuat SFFS theo chuan SM
= Budc 3. Huén luyén:
Bo phan 16p K-NN (1-NNC, K=1) duoc d& nghi 4p dung dé hoc tri thirc tir co
s& dir liéu 6n dinh dong HTD. B§ phan 16p 1-NNC con ¢6 vai tro quan trong la

danh gid do chinh xac kiém tra dé chon tap bién nhd vao dic diém tinh toan nhanh
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va don gian ctia n6. Tap miu hoc va tdp mau kiém tra dugc xay dung tir tip mau
ban dau, D(S,U)=D(2649,902). Bé danh gia khach quan va thé hién kha ning tong
quat hoa ctia mo hinh nghién ctru, tip mau ban dau dugc chia ngiu nhién thanh 10
tap con (kfold=10). Mbi tip con hoc c6 2834 mau S va 812 mau U, mdi tap kiém
tra ¢6 265 mau S va 90 mau U. Két qua danh gia do chinh xac dugc tinh trung
binh ctia 10 1an thuc hién.

e Budc 4. Danh gia:

Két qua tinh toan danh gia d6 chinh xac kiém tra cho giai thuat chon bién SFFS
theo chuan SM, va giai thuat xép hang FR theo chuan Fisher va Divergence duoc
trinh bay & do thi Hinh 6.5. D6 chinh xac phan 16p kiém tra duoc tinh theo biéu
thac (5.2).

I ) ITTRR, *.....
' o T .
0955 el T X -
I *
g\‘; 0954ﬁ * ................... .Q_.-- i
T
x .. D,
% oo Co L N ]
.....o ___________ o
0.952 -
----*---- SFFS
0.0511 +--* Divergence
’ =@+ Fisher
0.95 - : : - i i ; . ;
13 15 17 19 21

Feature (d)

Hinh 6.5 Panh gia chon tap bién
=  Bude 5. Két qua chon tip bién diic trung:
Tir két qua chon bién Hinh 6.5 do chinh xac phan 16p cua tap bién dugc chon
boi giai thuat SFFS theo chuidn SM cao hon giai thuat FR theo tiéu chuén Fisher
va Divergnce. Nhu vay, C6 15 bién duogc chon tur giai thuat SFFS. Ngoai ra, tap

bién ban dau, 104 bién, ciing duoc danh gia d6 chinh xac kiém tra. Bang 6.1 trinh
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bay két qua danh gia kiém tra tai 15 bién dugc chon va 104 bién ban dau, 1-NNC,
kfold=10. Tap bién dugc chon, 15 bién, dugc chon trinh bay & Bang 6.2.

Bang 6.1 Do chinh xac kiém tra phan 16p 1-NN, d=15 va d=104, kfold=10

B0 phan 16p d(feature) AccRate(%)
104 95,60
1-NN
15 95,63

Bang 6.2 Cac bién duoc chon

STT Bién Ky hiéu
1 | delVgy Do 1éch dién ap Bus 2 X1
2 | delVgyso Do 1&ch dién &p Bus 20 X2
3 | delVgyss Do 1&ch dién ap Bus 25 X3
4 | delVgys30 Do 1éch dién ap Bus 30 X4
5 | delVgyss7 Do 1éch dién ap Bus 37 X5
6 | delPyad1s Do I¢ch cong suét tac dung cua tai 15 X6
7 | delPygad23 Do 1éch cong suat tac dung cia tai 23 X7
8 | delPygag31 Do I¢ch cong suét tac dung cua tai 31 X8
9 | delPgiows-30 Do 1éch cong suat tac dung ctia nhanh 2-30 X9

10 | delPgowio-32 Do 1éch cong suat tac dung cua tai 10-32 X10
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11 | delPgowis-21 Do 1éch cong suat tac dung cua tai 16-21 X11
12 | delPgowio-33 Do Iéch cong suét tac dung cua tai 19-33 X12
13 | delPgiow20-34 Do 1éch cong suat tac dung cia tai 20-34 X13
14 | delPgow26-29 Do 1éch cong suat tac dung clia tai 26-29 X14
15 | delProwzs2e | PO 16ch cong suét tac dung cua tai 28-29 X15

6.4 GIAM KHONG GIAN MAU

Ap dung k¥ thuat phan 16p trong nhan dang 6n dinh qua d6 hé théng dién ddi
mit v6i van dé kho khin vé kich thude dir liéu 16n. Tuy nhién, thu thap va luu trit
tat ca moi mau la khong kha thi. Van dé can thiét dit ra 1a chon nhitng mau dai
dién cho khong gian mau nhdm giam ganh ning thu thap dit liéu, ciing nhu tiét

kiém tai nguyén bd nhé may tinh, gidm chi phi.

Sau khi thyc hién xay dung bd miu va qua khau chon bién thi budc ké tiép 1a

giam khong gian mau.
Buwéc 1. Chuén bi tip miu ban diu:

Tap mau bay gid gdm 15 bién nhu Bang 6.2, tip mAu kiém tra 13 tip mau
nguyén thuy D(S,U)=D(2649,902). Mot diéu chii y & day 1a tip mau kiém tra 1a
tap mau gdc, khong tham gia vao qué trinh huan luyén, viéc nay dé kiém tra mo
hinh c6 kha ning nhan biét dugc miu méi hay khong. Tap mau huan luyén 1a tap

mau thir cap dugc tim kiém & céc budce ti€p sau.
Budc 2. Xay dung cac tip mau con:

= Gidi thuat ap dung:
Hai giai thudt duoc ap dung dé rat gon dir liéu 1a giai thuat K-means (KM) va

giai thuat K-means lai (HK) va so sanh két qua.
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* Thuc hién:

Thuc thi rat gon dit lidu trén tdp mau S va tdp mau U dé hinh thanh céc tap
mau con. S6 mau 16p S giam tir 2649 miu xudng véi day tir 100 dén 1400 mau,
CL(Sri={100, 150,..., 1400}, i=[1,27]). S6 mau 16p U giam tir 902 miu xudng diy
tir 100 dén 500 mau, CL(Ug={100, 150,...,500},j=[1,9]), Hinh 6.6.

Hinh 6.6 Cac nhém mau cta tap S va tap U dugc rit gon

Hinh 6.7 va 6.8 trinh bay dac tinh hoi tu cua giai thuat KM va HK khi thyc thi
phan cum giam khong gian mau. Hinh 6.7 thé hién quan hé giita s6 lan lap (Nint)
va gia tri muc tiéu (Dg) cho truong hop gidm sé miu D(S=2649) xudng
CL(Sg=900). Hinh 6.8 thé hién quan hé giira s 1an 1an lap (Nint) va gia tri muc
tiéu cho truong hop giam mau D(U=902) xudng CL(Ug=400).

9000 r T r T r

8000

I

——&— KM(S=900) i
e HK(SL=900) i

I

7000

6000

I
1

5000

I
1

4000

I
1

3000

I
1

T

2000

1000

I
1

Nint

Hinh 6.7 Dic tuyén hoi tu cia giai thuat HK va KM tai Sg=900.
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Hinh 6.8 Dic tuyén hoi tu cia giai thuat HK va KM tai Ug=400.

Budce 3. Tim kiém cac tap con wrng vién.

Sr1 CL(Sr1,Urg)=CL(100,500)

Hinh 6.9 Céc kha niang két hop hinh thanh tdp miu rat gon
Ap dung phuong phap tim kiém tuan tw SSM (trinh bay & muc 5.7.3 chuong 5)
dé xay dung cac tip mau con hay cac tdp mau da rat gon cua tap S va tap U két

hop, va két qua hinh thanh cac tap con CL{(Sg,Ur;), i=[1,27], j=[1,9]}. Céc tap
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mAau con ndy 13 tip mau thir cip, dong vai trd tdp mau hudn luyén. Tap kiém tra 1a
tap mau nguyén thuy D(2649,902). Hinh 6.9 trinh bay va thé hién céc kha nang két
hop hinh thanh tdp mau rat gon CL{(Sri,Ugj).

Buéc 4. Huan luyén.

% B0 phan 16p 1-NN (1-NNC)

Céc bo dit lidu con d3 két hop & bude 3, CL(Sgi,Ugj), dugc su dung lam cac
tap hoc. Tap mau nguyén thuy, D(S,U), dugc st dung lam tap kiém tra. Hinh
6.10 va Hinh 6.11 tuwong mg cho két qua danh gia do chinh xac kiém tra vai sd
mAu rat gon boi giai thuat KM va HK. Tir Hinh 6.10 va Hinh 6.11 két qua danh
gia do chinh xéac kiém tra chon tap mau con ¢6 d6 chinh xac cao trong vung

khao sat, két qua dugc trinh bay & Bang 6.3.

L
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Hinh 6.10 Panh gia d§ chinh x&c phan lop, rut dix liéu voi giai thuat KM, 1-NNC
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Hinh 6.11 Panh gia d6 chinh x&c phén Iop, rat dir liéu vai giai thuat HK, 1-NNC

Bang 6.3 Do chinh x4c kiém tra phan 16p 1-NN vai khdng gian mau giam

Giai thuat Cum dir liéu AccRate(%)
KM CL(700,500) 93,6
HK CL(900,400) 98,0

Bang 6.3, Vi giai thuat KM thi c6 d chinh xac phan 16p cao nhét trong ving
khao sat dat 93,6% tai cum dir liéu CL(S,U)=CL(700,500), véi HK ¢6 d6 chinh
xac phan 16p dat 98% tai cum dir liéu CL(S,U)=CL(900,400). Vi két qua nay,
tién hanh huan luyén véi bd phan 16p MLPC, GRNNC, va SVMC. Pay 1a cac bo
phan 16p dugc c4c cong trinh 4p dung trong thoi gian gan day [27], [29], [31],
[37], [51], [73]. Céc cong cu bd phan 16p duge sy hd tro ciia phan mém Matlab.

% B0 phan 16p mang no-ron MLP, GRNN va SVM:
e BO phan lép MLP:
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Mang no-ron perceptron (MLP) gom 3 16p 1a 16p vao, 16p 4n va 16p ra. Trong
d6, Bién dau vao 1a 15 bién, 16p no-ron an dung ham kich hoat sigmoid va 16p ra

dung ham tuyén tinh purelin, s6 bién dau ra la 1.
Thong s6 dugc cai dat cho toan bd cac lan huan luyén:

- Sai d6 dich =1e-5.
- S6 chu trinh huan luyén=1e3.
- Giai thuat hoc va cap nhat trong sb Levenberg-Marquardt.
- Céc thong s6 khac cua mang no-ron chon theo gia tri mac dinh.
Giai thuat hoc Levenberg-Marquardt dugc ap dung vi day la giadi thuat dugc
nhiéu cong trinh 4p dung va khuyén dung nho tinh toan nhanh va cho d6 chinh xac
cao [27], [59], [73]. S6 no-ron an duoc chon theo thuc nghiém, trong [74]dé nghi

sO no-ron an co gia tri tr 2/3 dén 2 1an tong so6 bién dau vao va dau ra.

Hinh 6.12 trinh bay két qua thuc nghiém tim sb6 no-ron an, thé hién quan h¢ do

chinh xéac phén 16p véi s6 no-ron an (N;) ¢ gié tri tir 10 no-ron dén 32 no-ron.

AccRate(%)

010 12 14 16 18 20 22 24 26 28 30 32 -
Ni

Hinh 6.12 Thuyc nghiém tim s6 no-ron an
e B¢ phan lop GRNN:
GRNN 1a bién thé cua RBFN (Radial Basis Function Network), 1a cong cu
manh trong rng dung cho bai toan nhan dang, thoi gian huén luyén nhanh. GRNN

co ban gdm 16p ngd vao, 16p an ham xuyén tim, 16p tong va 16p ngd ra tuyén tinh.
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GRNN c6 cdu tric gidng nhu RBFN ngoai trir 16p tong (summation layer). Thong

s6 d0 rong spread c6 gia tri tot nhat dugc xac dinh qua thuc nghiém [31].

Hinh 6.13 trinh bay két qua thyc nghiém tim h¢ sb Spread, thé hién quan h¢
d6 chinh xac phan 16p v6i hé sb Spread c6 gia tri tir 0.01 dén 1.

0.99 : : : C
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0.96

0.95

AccRate(%)

0.94

0.93

0.92 i i : : :
0 0.2 0.4 0.6 0.8 1.0

Spread

Hinh 6.13 Thuc nghiém tim hé s Spread

e B{ phanlép SVM:

SVM la giai thuat noi tiéng trong may hoc cho bai toan phan 16p. Cho tap
dit liéu huin luyén T ={x;,y;};. Trong d6, x; 1a vecto dir liéu dau vao kich thudce n
bién va N mau, va y; e{+1,-1} 13 nhan 16p ciia mau x;. SVM yéu cau tim 15i giai
t6i uu bai toan (3.26) nhu di trinh bay ¢ chuong 3. Ham nhan @(.) 1a ham anh xa
dir liéu trong khong gian dau vao vao khong gian thudc tinh ma & d6 dir liéu tach
biét tuyén tinh. Him nhan v6i ham ban kinh co s¢ thudng dugce khuyén dung cho
cac ap dung xay dung mé hinh bd phan 16p SVM. Pit Ks (KernelScale) 1a hé sb
ctia ham co s ban kinh. Thuat toan SVM duoc hd tro trong phﬁn mém Matlab, &
d6 viéc xay dung mé hinh bo phan 16p SVM qua tim kiém tap thong s6 (C,Ks) tot
nhét sao cho bd phan 16p dat két qua nhan dang trén tap kiém tra cao nhit. Cac cap
thong s6 (C,Ks) thuong dugc tim kiém qua thuc nghiém thir sai, va cap théng sb
dugc chon 1a cip cho két qua kiém tra voi do chinh x4c cao nhét trong ving tim

kiém. Viéc tim kiém két hop tit ca gia tri cac cap thong s6 (C,Ks) dé cho két qua
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t61 wu 1 cong viée v6i khdi lugng tinh toan rat 16n. Cho nén, trong thyc té nghién
ctru thi phuong phap két hop tuan tir cac gia tri duoc dé xuat cho C={exp(-5),exp(-
4),....exp(5)} va Ks={exp(-5),exp(-4),....exp(5)} dé xay dung mé hinh cho bd
phan 16p SVM.

Két qua d6 chinh xac phan 16p dugc trinh bay ¢ Bang 6.4 voi tap dir liéu
huén luyén 1a CL(S,U)=CL(900,400). D6 chinh xac (Pre), d6 hdi tuéng (Rec) va

hé s F-score duoc trinh bay ¢ Bang 6.5.

Bang 6.4 BJ chinh xé4c phan 16p véi MLPC, GRNNC va SVMC

MLPC GRNNC SVMC
AccRate(%) AccRate(%) AccRate(%)
N . : Sp . : (C,Ks) , :
Huan | Kiém Huan | Kiém Huan | Kiém
luyén | tra luyén | tra luyén | tra
17 92.7 | 95.2 |0.051| 100 | 98.1 | (0.4493,3.004) | 96.5 | 98.0

Bang 6.5 Do chinh xac, d6 hdi tuong va hé s6 F-Score

MLPC | GRNNC | SVMC

Pre 0.9702 | 0.9849 | 0.9947
Rec 0.9658 | 0.9898 | 0.9788
F-Score | 0.9679 | 0.9873 | 0.9867

6.5 AP DUNG MO HINH CAI TIEN
Buéc 1. Chon bién va miu ban dau

Tap miu duoc chon 15 bién nhu Bang 6.2, tp mau ban dau la
D(S,U)=D(2649,902).

Buwéc 2. Giam khong gian mau
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Tap miu da rat gon tim duoc 14 CL(S,U)=CL(900,400) bing giai thuat HK
nhu ¢ Bang 6.3.

Bwdc 3. Tach mau

Ap dung giai thuat HK tach nhom dix liéu CL(S,U)=CL(900,400) ra s6 nhom
tir 2 nhém dén 10 nhoém. S6 mau cua tiing tap con tach ra duoc trinh bay ¢ Bang
6.6. Cac nhom con nay dong vai tro 1am dir liéu hoc. Di liéu kiém tra 12 bo mau
nguyén thiy D(S,U)=D(2649,902).

Buwéc 4. Huin luyén

Bang 6.6 Cac nhdm mau dugc tach ra tir CL(900,400)

B0 mau di S6 nhom téch ra
rut gon 2 3 4 5
CL(900,400) —>| CL(634,154) | CL,(580,119) | CL,(238,97) CL4(173,25)
CL,(266,254) | CL,(242,199) | CL,(205,149) | CL,(184,145)
CL3(78,82) CL3(66,68) CL3(69,68)
CL4(391,86) CL4(387,85)
CLx(87,77)
S6 nhom tach ra
6 7 8 9 10
CL,(177,25) CL.(154,14) | CL.(155,14) | CL.(151,14) CL,(116,23)
CL,(119,112) CL,(119,112) | CL,(87,94) CL,(82,79) CL,(86,84)
CL3(74,65) CL5(61,62) CL3(61,62) CL3(63,62) CL3(67,64)
CL4(182,76) CL4(184,76) | CL4(60,38) CL4(50,36) CL4(50,36)
CLs(85,77) CLs(76,51) CLg(76,51) CLs(76,47) CLs(4,8)
CL¢(263,45) CLg(266,44) | CLg(282,43) | CLg(192,13) CLg(193,15)
CL,(40,41) CL,(40,41) CL,(38,44) CL,(53,70)
CLg(139,57) | CLg(74,63) CLg(67,54)
CLy(174,42) CLgy(175,42)
CL10(89,4)

Tién hanh huin luyén véi dir liéu cua ting tap con céc bo phan 16p MLP,
GRNN, va SVM. P chinh xac phan 16p kiém tra dugc trinh bay ¢ Hinh 6.14. Két
qua danh gia do chinh xac phan 16p kiém tra dat cao nhat tai s6 nhém duoc tach ra
4 5 nhém. Ky hiéu 1a DP={(CL1U CL2UCL3UCL4UCLS)}. Nhu vay, md hinh

sau khi huan luyén hoan thanh s& c6 5 bd phan 16p con song song. Mai bo phan
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l6p duoc huan luyén véi tirng bo dir liéu con riéng, két qua 1a mdi bo phan Iép con

c6 théng sé cau truc hoan toan khac nhau.
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955 ﬁe ..... 0 ..... MLP i
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2 3 4 5 6 7 8 9 10

Hinh 6.14 Db thi d6 chinh xac nhan dang véi s6 Bo phan 16p song song

Két qua danh gia d6 chinh xac phan 16p trinh bay & Bang 6.7 cho md hinh
APCM d& nghi v6i bd phan 16p MLP (APCM&MLP), Bang 6.8 cho cho mé hinh
APCM dé nghi v6i b phan 16p GRNN (APCM&GRNN), va Bang 6.9 cho md
hinh dé nghi véi bo phan 16p SVM (APCM&SVM). ). B6 chinh xé4c (Pre), do hoi
tuong (Rec) va hé sé F-score dugc trinh bay & Bang 6.10 cho mé hinh APCM gbém
5 bd phan 16p song song.

Bang 6.7 Két qua huan luyén trung binh gom 5 bo MLPC song song

MLPC
S6 nhom tach ra AccRate(%)
S6 no-ron an Huan Kiém
luyén tra
5 18 {28 | 15|19 | 11 95,4 97,3
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Bang 6.8 Két qua huan luyén gdm 5 b GRNNC song song

GRNNC
S6 nhom tach ra AccRate(%)
Hé s Spread Huan Kiém
luyén tra
5 0,01 |0,216 |0,178|0,01 |0,01 99,3 98,7

Bang 6.9 Két qua huan luyén gom 5 bo SVMC song song

SVMC
S6 nhom AccRate
tach ra (C,K5s) (%)
Huan luyén | Kiém tra
5 (1.6487, |(2.0138, | (0.6065, |(4.4817, |(0.8187, 97.3 98.5
0.3697) |0.3679) |0.2231) | 0.4066) 0.2466)

Bang 6.10 Do chinh xac, 46 hdi tuong va hé sé F-Score cia mé hinh APCM

, 5MLPC
S& bo phan 16p 1 2 3 5
Pre 0.9964 | 0.9501 | 1.000 | 0.9939 | 0.9937
Rec 0.9691 | 0.9675 | 0.9775 | 0.9727 | 0.9754
F-Score 0.9826 | 0.9587 | 0.9886 | 0.9833 | 0.9845
5GRNNC
Pre 0.9859 | 0.9760 | 0.9908 | 0.9845 | 1.000
Rec 0.9964 | 0.9645 | 0.9953 | 0.9986 | 1.000
F-Score 0.9911 | 0.9702 | 0.9931 | 0.9915 | 1.000
5SVMC
Pre 1.000 |0.9820 | 0.9908 [ 0.9979 [ 1.000
Rec 0.9793 | 0.9686 | 1.000 | 0.9821 | 0.9876
F-Score 0.9895 | 0.9753 | 0.9954 | 0.9899 | 0.9938
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Két qua xdy dung mé hinh:

= Bang 6.7, 6.8, va 6.9 cho thay bo phan 16p ap dung mang no-ron GRNN
cho két qua nhan dang cao hon bd phéan 16p ap dung mang no-ron MLP
1a 1,4% va b phan 16p ap dung SVM 1a 0,1%. Nhu vay, B phan 16p 4p
dung mang GRNN duogc chon dp dung cho mo6 hinh. M6 hinh
APCM&GRNN gdm 5 bd phan 16p con lam viéc song song, c6 so do
dugc trinh bay nhu Hinh 6.15.

= Két qua so liéu cua qua trinh thiét ké mé hinh duoc trinh bay Bang 6.11

| GRNNC,
= _
é GRNNCGC, S
E
Input = . / \ .| Output
istant E .
E Calculator é GRNNGs c 7
0 \ / g
;
o \ GRNNC, / R
R

GRNNCs

Hinh 6.15 M6 hinh APCM gdm 5 bd phén 16p song song GRNNC

Bang 6.11 Tom tit két qua xir 1y dir licu

Sobien | Mau

Dir liéu ban dau | 104 D(2694,902)
Lua chon bién | 15 D(2694,902)
Giam mau 15 CL(900,400)

CL,(173,25)UCL,(184,145)UCL3(69,68)U
CL,(387,85)UCL+(87,77)

Tach mau 15
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6.6 NHAN XET

% Giam khong gian bién:

Hinh 6.2 va Hinh 6.3 thé hién d¢ quan trong cia timg bién dugc xép tir cao
xudng thap bang giai thuat xép hang FR, chuan Fisher va Divergence.

Hinh 6.4 trinh bay d¢ quan trong cua ting tap con bién voi giai thuat SFFS,
chuan SM. Két qua cho thiy s6 bién trong tap con bién ting dong bién véi
do tach biét nhom Jgy.

Két qua chon bién Hinh 6.14 ¢6 dd chinh x4c nhan dang cho tap bién dugc
chon béi giai thuat SFFS cao hon giai thuat xép hang FR. Diéu nay ching
to diém manh cua SFFS ¢ kha mé rong khong gian tim kiém so véi FR.
Mic du giai thuat FR don gian hon nhung viéc két hop timg bién tét don 1¢
chua dam bao hinh thanh mét tap bién tét so v6i SFES.

C6 15 bién dugc chon tir giai thuat SFFS ¢ Bang 6.2 hay s6 bién giam di
6,9 1an so v6i 104 bién ban dau nhung d6 chinh xac kiém tra van khéng suy
giam.

Nhu vy, dé xuat ap dung giai thuat chon bién di phat huy dugc hiéu qua

va két qua giam di mot s6 luong 16n bién khong can thiét, gy nhidu. Piéu nay

con c6 ¥ nghia rat 16n trong viéc giam chi phi thiét bi do ludng cam bién, don

gian hoa so d6 dau ndi, va giup hé théng xir Iy nhanh hon.

< Giam khong gian mau:

Hinh 6.7, 4p dung giai thuat KM dé giam khong gian mau véi D(2649)
xubng CL(Sg=900) thi sb 1an lip 1a 27 1an, trong khi giai thuat d& nghi ap
dung HK chi lap c6 10 1an. Két qua tuong tu nhu ¢ Hinh 6.8, ap dung giai
thuat KM dé giam khong gian mau v6i D(Ug=902) xudng CL(Ug=400) sb
1an ldp 1a 19 1an, trong khi giai thuat d& nghi ap dung HK chi lap c6 4 lan.
Két qua cho thay giai thuat dé nghi 4p dung HK c6 s6 1an lap it, gia tri ham
muc ti€u cai thién dang ké so véi giai thuat KM,

Hinh 6.10 va 6.11, giai thuat KM, b phan 16p 1-NNC, cho d6 chinh xac
phan 16p cao nhit trong ving khao sat dat 93,6% tai CL(700,500) hay tong
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s6 mau da giam dén 66,2%. Trong khi, v6i giai thuat HK tai CL(300,150)
hay tong s6 mau giam dén 87,3% vé&i do chinh xac phan 16p kiém tra dat
dén 95,2%.

= Két qua s mau sau rit gon dugc chon & Bang 6.3 v6i giai thuat ap dung
HK, s6 mau tir D(2649,902) giam xuéng CL(900,400) hay khong gian miu
6n dinh giam con 33,87% va khéng gian mau khong 6n dinh giam con
44.3% so vGi sd mau ban dau, trong khi két qua kiém tra dat 98%.

= So v6i giai thuat KM, giai thuat giam mau HK dé nghi &p dung cai thién do
chinh x4c dang ké, s6 lan lap it hon khi tim tim hay hoi tu nhanh hon. Piéu
nay kh’fmg dinh giai thuat HK da khic phuc dugc nhuogc diém hoi tu dia
phuong cua giai thuat KM.

= Bang 6.4, vdi bd mau rat gon CL(900,400) lam dir li€u hoc, d0 chinh xac
kiém tra phan 16p cia GRNNC cho két qua cao hon MLPC va SVMC
tuong ung la 2,9% va 0,1%.

= Bang 6.5 gia tri F-Score ctia cac bd phan 16p cao, trong d6 thip nhat trong
ba bo phan 16p 1a MLP nhung F-Score cling dat 1a 0.9679. Gia tri F-Score
ctia GRNN cao nhét va dat dén 0.9873, cho thay gia tri d6 chinh xac va do
hoi tuong dat sy can bang tot, va diéu nay thé hién chat lugng phan 16p cao.
Nhu vay, gidi thuat dé nghi HK khfmg dinh kha ning giam khong gian mau

mot cach hi€u qua véi do chinh xac cao hon giai thuat KM. Thuc thi giam

khong gian mau dan dén két qua 12 mdi nhém dir liéu c6 mot tim dai dién

riéng. Piéu nay ¥ nghia quan trong 1 1am cho tap dir liéu hoc tr& nén tin gon,

dic trung mang tinh dai dién, giam chi phi tinh toan, tiét kiém bo nhé may tinh.

Giup hé théng nhan dang xir Iy nhanh, linh hoat trong hoc mau méi, va tw dong

héa 1am mai tri thire hé thong.
% Xay dwng mé hinh mang no-ron song song cai tién APCM:

= Hinh 6.14 trinh bay két qua thuc nghiém d6 chinh xac phan 16p véi sb
mang no-ron song song tir 2 dén 10 twong tng véi sé nhom dit lidu duoc
tach ra tir 2 dén 10 nhom va sé mau ctia mdi nhém con nhu & Bang 6.5. Két

qua do chinh x4c phan 16p voi md hinh cai tién APCM c¢6 do chinh xé4c cao

96



Nguyén Ngoc Au

nhét cho ca ba bd phan 16p tai s6 nhom béng 5 v6i d6 chinh xac cho 5 bd
phéan 16p song song MLP, GRNN, va SVM tuong ung 1a 97,3% (Bang 6.7),
98,7% (Bang 6.8), va 98,5% (Bang 6.9). Trong khi v&i mo hinh don MLP,
GRNN, va SVM c¢6 do chinh xac tudng tmg & Bang 6.4 la 95,2%, 98,1%,
98%. Két qua cho thay do chinh xac phan 16p ciia mo hinh cai tién tang so
v6i @6 chinh xac phan 16p don cho ca ba bd phan 16p. Diéu nay cho thiy
két qua co tinh théng nhat cho ca ba bo phan 16p. Cac cong trinh da nghién
ctru chan doan 6n dinh hé théng dién da cong bd chﬁng han cac bai bao
[32], [37], [48] c6 d6 chinh x4c tir 94% dén 97%, cho nén két qua danh gia
danh do chinh xac phan 16p trong nghién ctru hoan toan chap nhan duoc
va cho thdy mé hinh dé xuat da nang cao dugc do chinh xac phan 16p.
= M6 hinh song song gdm c6 5 bd phan 16p con:

o Baéng 6.4 va Bang 6.6, véi m6 hinh APCM&MLP thi d§ chinh xéc
kiém tra ting 2,1% so v6i md hinh don. Bang 6.4 va Bang 6.7, voi
mo hinh APCM&GRNN thi d6 chinh xac kiém tra ting 0,6% so véi
mo hinh don. Bang 6.4 va 6.8, vdi mo6 hinh APCM&SVM thi d6
chinh x4c ting 0,5% so voi mo hinh don. Piéu nay khang dinh mo
hinh dé xuét di cai thién dugc do chinh xac phan 16p.

o Bang 6.10 gia tri F-Score cta cac Bo phan 16p cao, gia tri 0.9587 la
gia tri thap nhét ciia mot bd phan 16p trong nam bod phan 16p MLPC.
Céc gia tri F-Score cia mot by phan 16p trong nam bo phan 16p
GRNNC dat gi tri cao nhat bang 1. Két qua danh gia cho thay gi4 tri
dd chinh xéac va do hoi tudng dat su can bﬁng cao, diéu nay thé hién
chat lugng phan 16p cao.

Nhu vay, két qua nghién cuu cho théy md hinh dé xuit d3 dat dugc muc tiéu

quan trong 1a nang cao dg chinh xac nhan dang.

6.7 TOM TAT CHUONG 6
Chuong 6 trinh bay cac két qua nghién ciru da duoc ap dung va kiém tra trén so dd
chuan IEEE 39-bus. C4c két qua cu thé nhu sau:
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v/ Xay dung tap mau: ap dung quy trinh xay dung tap mau di trinh bay ¢
chuong 4 vao xay dung tap miu cho so do IEEE 39-bus. Bo dit liéu co
3551 mau Vv4i 2649 mau on dinh va 902 miu khoéng 6n dinh,
D(S,U)=D(2649,902).

v' Giam khdng gian bién: Hai phuong phap chon bién da duoc ap dung la
phuong phap xép hang bién vai chuan Fisher va chuan Divergence, phuong
phap tim kién tién Iui SFFS vai chuan SM. Két qua nghién ctu cho thay
giai thuat SFFS cho két qua tét hon phuong phap xép hang FR. Biéu nay c6
thé giai thich 1a phuong phap SFFS d3 mo rong dugc khdng gian tim kiém
S0 voi phuong phap xép hang nén da truy tim dwoc tap bién cho do chinh
Xac cao hon.

v Giam khong gian mau: Giai thuat K-means la giai thuat phan cum di liéu
tinh toan nhanh don gian, tuy nhién K-means c6 nhuoc diém Ia dé roi vao
hoi tu dia phuong. Tac gia dd dé nghi dp dung giai thuat K-means lai
(Hybrid K-means -HK) nham tranh nhugc diém cia K-means. Két qua
nghién ciru cho thay giai thuat HK khic phuc dugc diém yéu cua giai thuat
K-means, gilp giam khong gian mau hiéu qua va cho do chinh xéac cao.
Vén dé giam khéng gian dit liéu di dugc céng bd trong bai béo (1).

v Cai tién mé hinh mang no-ron song song: ap dung quy trinh xay dung md
hinh mang no-ron song song cai tién dé xuat, két qua nghién cau cho thay
mo hinh dé xuat giai quyét duoc muc tiéu nang cao do chinh xac phan 16p.
Md&i mot mé hinh con c¢6 mot tim dai dién dugc luu trir. Piéu nay giap
giam khong gian bd nhd rat 1on, 1am cho mé hinh ty nhan biét mau moi
nhanh, va c6 tinh tu thich nghi véi mau méi cao, viéc cip nhat mau méi va

lam tuoi bo nhé don gidn nhanh chong.
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Chuong 7. KET LUAN

7.1 KET QUA PAT bUGC

Hé théng dién hién dai d6i mat vai ap luc van hanh can bién gidi han on
dinh do toc d6 phat trién ciia ngudn phat, dudng day khong theo kip toc do phat
trién cua phu tai. Piéu nay dua dén hé théng dién van hanh cang dé mét 6n dinh.
Trong nhitng ndm gan day trén thé gidi di chung kién rat nhiéu su ¢ tan rd hé
thong dién nghiém trong gan lién voi sy mat 6n dinh cua hé thong dién va da ganh

liy nhiing thiét hai kinh té v6 cung to 1n.

Xt 1y qua trinh qué d6 trong hé théng dién c6 mot gi tri rat quan trong dé
nang cao do tin cdy, tinh on dinh ché do van hanh hé théng dién va doi hoi khic
khe vé thoi gian. Dé danh gia tinh 6n dinh quéa do ciia hé thdng dién trong nhing
dao dong 16n do su cb giy ra, cac phuong phap truyén thong to ra kém hiéu qua.
Chan doan nhanh mat 6n dinh dong hé théng dién thi co hoi dé diéu khién dua hé
théng dién tro vé trang thai 6n dinh kha thi hon. Vi vay, mot nhu cau 1a can hé
théng chan doan nhanh 6n dinh dong hé théng dién véi d6 chinh xac cao. Tir muc
dich va nhiém vy nghién ctru dat ra, ludn an da hoan thanh nhiing noi dung khoa

hoc va thuc tién nhu sau:

% Vé khoa hoc:

1. Dé xuat quy trinh xay dung tap bién cho bai toan nhan dang 6n dinh dong hé
théng dién. Gii thiéu va ap dung thanh céng hai giai thuat chon bién, SFFS
va FR, vao giam khong gian bién mot cach hiéu qua. Két qua kiém tra trén so
d6 IEEE 39-bus, giai thuat SFFS cho két qua chon bién tét hon phuong phap
FR nho vao mé rong khong gian tim kiém cua no.

2. Ap dung thanh cong giai thuat giam khéng gian mau K-means lai (Hybrid K-
means — HK), cai tién tir giai thuat phan cum dit liéu ndi tiéng K-means, khai
pha dix liéu 6n dinh dong hé thong dién. Két qua kiém tra trén tip mau cua so
d6 IEEE 39-bus cho thay giai thuat HK di khic phuc dugc nhuoc diém K-
means, gilp nang cao chét lugng phan cum di liéu, va giam khong gian mau

mat cach hiéu qua. Viéc giam khong gian mau 1am cho mdi nhém mau con co
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mot tam dai dién. Didu nay c6 y nghia rat quan trong 1a 1dam cho md hinh
khong ting dung luong bo nhé luu trit mau méi, linh hoat trong viéc cap nhat
lam giau tri thie mai, va gidp mé hinh cé kha nang bao phu dir liéu, thich nghi
VGi mau mai rat cao.

Dé xuét quy trinh xay dung hé théng nhan dang théng minh chan doan nhanh
6n dinh dong hé théng dién dya trén co s& mang no-ron, khai pha di liéu.
Luén an da phat trién thanh cdng mé hinh mang no-ron song song cai tién cho
bai toan nhan dang 6n dinh dong hé thong dién. M6 hinh dé xuat dat dwgc muc
tiéu quan trong 1a nang cao d6 chinh xac phan 16p. Vi cach tiép can trinh bay
trong luan &n, cac khau thuc hién da duoc quy trinh hoa, diéu nay gitp mé
hinh nhan dang hoan toan c6 thé ma rong cho cac truong hop nhiéu 16n khac
nhau.

Bai toan nhan dang trong dé tai cO thé tong hop cho bai toan diéu khién on
dinh hé thdng dién chang han nhu diéu khién sa thai phu tai.

Vé thuec tién:

Xay dung céch tiép can nhan dang nhanh trang thai 6n dinh dong hé thng
dién khi c6 su ¢6 ngan mach nghiém trong xay ra chi dua trén cac bién dau
vao 1a do thay doi céng suat tac dung tai, do thay doi cong suat tac dung trén
cac nhéanh, va sut dién 4p tai cac nit. Két qua kiém tra cho d6 chinh xac nhan
dang cao Vvé trang thai 6n dinh hé thdng dién ma khéng can giai hé phuong
trinh vi phan nhu phuong phép truyén thong.

Hé thdng nhan dang thong minh dugc xay dung cd thé duoc sir dung nhu cong
cu tro giup cac diéu do vién dé ra chién luoc diéu khién trong nhitng tinh
hudng khan cip, va huan luyén cac diéu do vién hé thong dién xur Iy cac tinh
hudng dua trén céc kich ban su cd.

Viéc giam khéng gian bién co ¥ nghia rat 16n trong viéc giam chi phi thiét bi
do luong cam bién, don gian hoa so dd dau ndi, va gitip hé thong ting toc do
xtr ly. Viée giam khéng gian mau c6 ¥ nghia quan trong trong viéc tiét kiém
bd nhé luu trit mau, giam chi phi thu thap dit liéu, va gitip mo hinh dé dang

cap nhat dir liéu mdi cling nhu tinh thich nghi véi1 mau méi rat cao.
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7.2 HUONG PHAT TRIEN

Tt két qua nghién clru trong luan an, cac kién nghi cho nghién ctru can tiép tuc

trién khai trong twong lai nhu sau:

= Nghién ctru phdi hop véi khau diéu khién khan cip dé giit 6n dinh hé thong
dién trong trudng hop mat 6n dinh, chang han nhu diéu khién sa thai phu tai.

= Nghién ciru mé rong ap dung phuong phap nghién ctru trong dé tai cho nhan
dang 6n dinh dién ap, on dinh tan sb.

» Nghién ctru mo rong ap dung mod hinh dé xuat vao luédi dién Viét Nam.
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PHU LUC
Bang PL1. Cong suat may phat

Bus MaxMvar MinMVar MinMW | MaxMW | Unit No.
30 800 -500 0.00 350.00 Genl0
31 800 -500 0.00 1150.00 Gen2
32 800 -500 0.00 750.00 Gen3
33 800 -500 0.00 732.00 Gen4
34 800 -300 0.00 608.00 Genb5
35 800 -500 0.00 750.00 Genb6
36 800 -500 0.00 660.00 Gen7
37 800 -500 0.00 640.00 Gen8
38 800 -500 0.00 930.00 Gen9
39 1500 -1000 0.00 1100.00 Genl

Bang PL2. Mo hinh may phat dién dong bd6 GENPWTwoAxis

Unit

L Bus | H R, Xq Xgq Xq Xq Tio JIE
1 39 | 5000 | O | 0.006 | 0.008 | 0.02 | 0.019 | 7.0 0.7
2 31 | 303 | 0 | 0.0697 | 0.170 | 0.295 | 0.282 | 6.56 15
3 32 | 358 | O | 0.0531 | 0.0876 | 0.2495 | 0.237 | 5.7 15
4 33 | 286 | 0 | 0.0436 | 0.166 | 0.262 | 0.258 | 5.69 15
5 34 | 260 | O | 0132 | 0.166 | 0.67 | 0.62 | 54 0.44
6 35 | 348 | O 0.05 | 0.0814 | 0.254 | 0.241 | 7.3 0.4
7 36 | 264 | O | 0.049 | 0.186 | 0.295 | 0.292 | 5.66 15
8 37 | 243 | 0 | 0.057 | 0.0911 | 0.290 | 0.280 | 6.7 0.41
9 38 | 345 | 0 | 0.057 | 0.0587 | 0.2106 | 0.205 | 4.79 | 1.96
10 30 | 420 | O | 0.031 | 0.008 0.1 0.069 | 10.2 | 0.0167
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Bang PL3. Thong so thiét bi diéu khién kich tir IEEE1

N

>

Bus | T, | Ka | Ta | Vemax | Vemin | Ke T, K¢ T | By | Se(E))| Ep | Se(E,)
39 [0 006 | 1 -1 | -0.0485 | 0.25 | 0.04 1 |075] 008 | 11| 0.26
38 [ 0] 62005 | 1 -1 | -0633 | 0405 | 0057 | 05 |075| 0.66 | 1.1 | 0.88
37 [0 5 [ 006 | 1 -1 | -0.0198 | 05 | 0.08 1 [075] 013 [ 11| 0.34
3 | 0] 5 | 006 | 1 -1 | -0525 | 05 | 0.08 1 [075] 008 [ 1.1 0314
35 | 0| 40 | 002 | 10 | -10 1 0.785 | 0.03 1 |075] 067 | 1.1 | 091
3 [0 5 [002 | 1 -1 | -0.0419 | 0.471 | 0.0754 | 1.246 | 0.75 | 0.064 | 1.1 | 0.251
33 [ 0| 40 [ 002 | 65 | 65 1 073 | 0.03 1 |075] 053 [ 11| 0.74
32 (0] 5 [002 | 1 -1 | -0.047 [ 0528 | 0.0845 | 1.26 | 0.75| 0.072 | 1.1 | 0.282
31 | 0| 40 | 002 | 105 | -105 1 14 | 003 1 |[075] 062 | 1.1 | 0.85
30 | 0| 40 [ 002 | 10 | -10 1 0.785 | 0.03 1 |075] 067 | 1.1 | 091

Bang PL4. Thong so thiét bi

diéu chinh tin s6 TGOV1

Bus | R | T | Viax | Venin | T» | T5 | D¢
30 | 00504 1 0 [15] 5] 0
31 00504 1 [-005[15|5 |0
32 00504 1 [-005[15[5 /0
33 (00504 1 [-005[15|5 /[0
3 00504 1 [-005[15|5 /[0
35 [005| 04| 1 |005[15]5 | 0
36 |005|04| 1 |-005|15]5 | 0
37 [005] 04| 1 |-005|15]5 | 0
38 [005| 04| 12 |005|15] 5 | 0
39 | 01 |08 15 |005|15] 5 | 0
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Bang PL5. Thong s6 may bién ap

From Bus To Bus Rt Xt Tap
12 11 0.0016 | 0.0435 1.0060
12 13 0.0016 | 0.0435 1.0060
6 31 0.0000 | 0.0250 0.85714
10 32 0.0000 | 0.0200 1.0700
19 33 0.0007 | 0.0142 1.0700
20 34 0.0009 | 0.0180 1.0090
22 35 0.0000 | 0.0143 1.0250
23 36 0.0005 | 0.0272 1.0000
25 37 0.0006 | 0.0232 1.0250
2 30 0.0000 | 0.0181 1.0250
29 38 0.0008 | 0.0156 1.0250
19 20 0.0007 | 0.0138 1.0600
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Bang PL6. Thong so tré khang dwong day

From Bus To Bus Branch Device Type R X B
1 2 Line 0.0035 | 0.0411 | 0.6987
1 39 Line 0.0010 | 0.0250 | 0.7500
2 3 Line 0.0013 | 0.0151 | 0.2572
2 25 Line 0.0070 | 0.0086 | 0.1460
2 30 Transformer 0.0000 | 0.0181 | 0.0000
3 18 Line 0.0011 | 0.0133 | 0.2138
3 4 Line 0.0013 | 0.0213 | 0.2214
4 14 Line 0.0008 | 0.0129 | 0.1382
4 5 Line 0.0008 | 0.0128 | 0.1342
5 8 Line 0.0008 | 0.0112 | 0.1476
5 6 Line 0.0002 | 0.0026 | 0.0434
6 11 Line 0.0007 | 0.0082 | 0.1389
6 7 Line 0.0006 | 0.0092 | 0.1130
7 8 Line 0.0004 | 0.0046 | 0.0780
8 9 Line 0.0023 | 0.0363 | 0.3804
9 39 Line 0.0010 | 0.0250 | 1.2000
10 32 Transformer 0.0000 | 0.0200 | 0.0000
10 13 Line 0.0004 | 0.0043 | 0.0729
10 11 Line 0.0004 | 0.0043 | 0.0729
12 13 Transformer 0.0016 | 0.0435 | 0.0000
12 11 Transformer 0.0016 | 0.0435 | 0.0000
13 14 Line 0.0009 | 0.0101 | 0.1723
14 15 Line 0.0018 | 0.0217 | 0.3660
15 16 Line 0.0009 | 0.0094 | 0.1710
16 24 Line 0.0003 | 0.0059 | 0.0680
16 21 Line 0.0008 | 0.0135 | 0.2548
16 19 Line 0.0016 | 0.0195 | 0.3040
16 17 Line 0.0007 | 0.0089 | 0.1342
17 27 Line 0.0013 | 0.0173 | 0.3216
17 18 Line 0.0007 | 0.0082 | 0.1319
19 33 Transformer 0.0007 | 0.0142 | 0.0000
19 20 Transformer 0.0007 | 0.0138 | 0.0000
20 34 Transformer 0.0009 | 0.0180 | 0.0000
21 22 Line 0.0008 | 0.0140 | 0.2565
22 35 Transformer 0.0000 | 0.0143 | 0.0000
22 23 Line 0.0006 | 0.0096 | 0.1846
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23 36 Transformer 0.0005 | 0.0272 | 0.0000
23 24 Line 0.0022 | 0.0350 | 0.3610
25 37 Transformer 0.0006 | 0.0232 | 0.0000
25 26 Line 0.0032 | 0.0323 | 0.5130
26 29 Line 0.0057 | 0.0625 | 1.0290
26 28 Line 0.0043 | 0.0474 | 0.7802
26 27 Line 0.0014 | 0.0147 | 0.2396
28 29 Line 0.0014 | 0.0151 | 0.2490
29 38 Transformer 0.0008 | 0.0156 | 0.0000
31 6 Transformer 0.0000 | 0.0250 | 0.0000

Bang PL7. Thong s6 tré khang thi tw khong dwong day

From Bus To Bus Branch Device Type R X C
1 2 Line 0.008750 | 0.102750 | 0.698700
1 39 Line 0.002500 | 0.062500 | 0.750000
2 3 Line 0.003250 | 0.037750 | 0.257200
2 25 Line 0.017500 | 0.021500 | 0.146000
2 30 Transformer 0.000000 | 0.018100 | 0.000000
3 18 Line 0.002750 | 0.033250 | 0.213800
3 4 Line 0.003250 | 0.053250 | 0.221400
4 14 Line 0.002000 | 0.032250 | 0.138200
4 5 Line 0.002000 | 0.032000 | 0.134200
5 8 Line 0.002000 | 0.028000 | 0.147600
5 6 Line 0.000500 | 0.006500 | 0.043400
6 11 Line 0.001750 | 0.020500 | 0.138900
6 7 Line 0.001500 | 0.023000 | 0.113000
7 8 Line 0.001000 | 0.011500 | 0.078000
8 9 Line 0.005750 | 0.090750 | 0.380400
9 39 Line 0.002500 | 0.062500 | 1.200000
10 32 Transformer 0.000000 | 0.020000 | 0.000000
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10 13 Line 0.001000 | 0.010750 | 0.072900
10 11 Line 0.001000 | 0.010750 | 0.072900
12 13 Transformer 0.001600 | 0.043500 | 0.000000
12 11 Transformer 0.001600 | 0.043500 | 0.000000
13 14 Line 0.002250 | 0.025250 | 0.172300
14 15 Line 0.004500 | 0.054250 | 0.366000
15 16 Line 0.002250 | 0.023500 | 0.171000
16 24 Line 0.000750 | 0.014750 | 0.068000
16 21 Line 0.002000 | 0.033750 | 0.254800
16 19 Line 0.004000 | 0.048750 | 0.304000
16 17 Line 0.001750 | 0.022250 | 0.134200
17 27 Line 0.003250 | 0.043250 | 0.321600
17 18 Line 0.001750 | 0.020500 | 0.131900
19 33 Transformer 0.0007 0.0142 0.0000

19 20 Transformer 0.0007 0.0138 0.0000

20 34 Transformer 0.0009 0.0180 0.0000

21 22 Line 0.002000 | 0.035000 | 0.256500
22 35 Transformer 0.0000 0.0143 0.0000

22 23 Line 0.001500 | 0.024000 | 0.184600
23 36 Transformer 0.0005 0.0272 0.0000

23 24 Line 0.005500 | 0.087500 | 0.361000
25 37 Transformer 0.0006 0.0232 0.0000

25 26 Line 0.008000 | 0.080750 | 0.513000
26 29 Line 0.014250 | 0.156250 1.029000
26 28 Line 0.010750 | 0.118500 | 0.780200
26 27 Line 0.003500 | 0.036750 | 0.239600
28 29 Line 0.003500 | 0.037750 | 0.249000
29 38 Transformer 0.0008 0.0156 0.0000

31 6 Transformer 0.0000 0.0250 0.0000
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PL8. Cac khau thwe thi chwong trinh PowerWorld dé iy miu

Cac giai doan md phong phan mém PowerWorld dé thu thap mau dugc duc két
thanh 4 giai doan gom:

= Giai doan 1: Thuc hién cai dat céc thdng sb chuan cua cac mé hinh trong hé
théng dién.

= Giai doan 2: Thuc hién kich hoat cac théng sé trong md hinh hé théng dién.

= Giai doan 3: Chay phan b cong suit téi uu OPF.

=  Giai doan 4: M6 phong on dinh quéa do, danh gia 6n dinh/khdng on dinh va lay
mau.

Giai doan 1: Thyc hién cai dat cac thong sé cho cac mé hinh trong hé thong dién.

Cai dat thong s6 mo hinh
may phat dién

Stability — Machine
Models

Y

¥
Cai dat thong so thiét bi
Stability — Exciters »  diéu khién kich tur

v
Cai dat thong so thict bi
Stability — Governors > diéu chinh tan so6

v
Cai dat cong suat dinh
mirc, cong suat Pmax,
Pmin may phat, dién
ap dau cuc may phat

Power and Voltage
Control

J

v
Cai dat cong suat dinh
muc cua tai

Load Information

v
Cai dat thong s6 dau
phan ap may bién ap [* Transformer
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= Giai dogn 2: Thuc hién kich hogt c4c thong sé trong md hinh hé thong dién.

Power and Voltage
Control

Kich hoat ty dong diéu

chinh cong suét phat

(Available for AGC)
v

Faults

\d

Kich hoat gidi han
cong suat phat

(Enforce MW Limits)
¥

Kich hoat di€u chinh
dién ap tu dong

(Available for AVR)
¥

Kich hoat van hanh
kinh té ban dau

A

(If AGCable)
¥

Kich hoat trung tinh
noi dat

(Neutral Grounded)
¥

Kich hoat m6 hinh
may phat dién

(GENPWTwWOAXIS)
v

Kich hoat thiét bi diéu
khién kich tir

OPF

A

(IEEET1)
v

Kich hoat thiét bi diéu
chinh tan so
(TGOV1)

Stability
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= Giai dogn 3: Chay phan bé cong sudt téi wu OPF.

Case Information
— Generators

Add Ons — OPF Case
Infor - OPF Area

Load cong suit tai
Load cong suat phat

7
AGC =NO
AVR = YES
Cost Model = None

v

Add Ons — OPF Case
Infor - OPF Area

A

AGC Status = off AGC

v

Run Mode — Tools —
Solve — Single Solution—
Full Newton

Y

Run Mode — Tools —»
Solve — Reset to Flat
Start

\/

Chay phan bd cong
suat

v

Case Information
— Generators

A

AGC Status = OPF
Includes Marginal
Losses = YES

v

AGC = YES
Cost Model = Cubic

v

Add Ons — Frimal LP

A

Chay phan bd cong
suat toi vu OPF
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= Giai doan 4: M0 phong én dinh qud do, danh gia on dinh/khéng én dinh va lay

Cai dat budc thoi gian
Time Step = 0.5 Cycles
(0.00833 Seconds)

v

mau.

A

Simulation — Control

Cai dat tan so
Over speed = 62.40 Hz
Options — Generic / Under speeci = 57.60 Hz
Limit Monitors \ Cai dat goc rotor
Absolute Angle

Deviation =180 Deg

¥
Rotor Angle = YES
MW = YES

Mvar = YES \ Cai dat bién hé thong
¥ Result Storage —
Field Voltage = YES / Store to RAM Options

Field Current = YES
v
Chon bus/duong day
chay 6n dinh qua do
v
Cai dat vi tri sy c6

Simulation — Control »

v
Cai dat thoi gian cat
ngin mach
FCT
v
Chay 6n dinh qua do
Run Transient Stability
v
Panh gia 6n dinh/khong
6n dinh
v

Result from RAM
— Time Values

A

Lay mau




