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TOM TAT

Ning lwong tdi tao néi chung va néing lwong gioé néi riéng dang ngay cang nhdn dwoc nhiéu sw
quan tam voi muc tiéu giam phat thai khi nha kinh va san xudt nang lwong sach. Trong nhitng nam
gan ddy, cac nha mdy va trang trai gio tang lén dang ké, thiic day nang lheong gié tro thanh mot
nguon nang luong vo cing tiém nang. Tuy nhién, véi tinh chat bat dinh ciia nguon nang heong gié
thi vigc dam bao h¢ thong tuabin gio van hanh an toan, giam thiéu thoi gian ngirng hoat dong do
sw c6 déng vai quan trong dé t6i wu héa chi phi san xudt va ndng cao dg tin cdy cua h¢ théng dién.
Trong nghién ciru ndy, nhom tac gia dé xudt sir dung cdc mé hinh hoc mdy dé phat hién sw c6 xdy
ra trén hé th(fng tuabin gio. Cac thong 56 van hanh do duoc tir SCADA duoc sir dung lam dir liéu
ddu vao cho cac mé hinh hoc may. Két qua cho thdy, cdc mé hinh hoc mdy cé thé phdt hién su cé
trén hé thong tuabin gi6 véi do chinh xdc 1én dén hon 99% véi thoi gian hudn luyén mé hinh chi
co vai chuc ms.

Tur khoa: Nang lugng tai tao; Tuabin gid; Su ¢6; SCADA; Hoc may.
1. MO PAU

Nang luo‘ng gi6 ngay cang dugc cac nudc quan tm va phat trién 0 trén thé gioi néi chung, 6
Viét Nam ndi riéng. Nhiu chinh sach di duoc dua ra dé phat trién nguon nang luong sach c6 tiém
nang 16n nay. Theo quy hoach dién 8 da dugc chinh phu phé duyét, dén nam 2030, cong suét dién
gi6 trén bo dat 22 GW, cong suat dién gi6 ngoai khoi dat 6 GW, dinh huéng dén nam 2050 cong
suét dién gio dat khoang 70 - 91.5 GW. Tai Viét Nam, nhiéu dy 4n dién gi6 16n da dwoc 1ap dit va
dua vao khai thac va sir dung. Céc tuabin gi6 duogc lap dit & ngoai troi, & trén b (onshore) hoic
ngoai bién khoi (offshore), nhitng noi c¢6 tc gio 16n nén phai lam viée trong cac diéu kién thoi tiét
tuong d6i khic nghiét. Viéc thuong xuyén phai lam viéc trong cac diéu kién nhu vay dan dén cac
hong hoc va sy cé trén tuabin gio 1a diéu khong tranh khoi. Bén canh dd, do c6 ciu tao phuc tap
(hinh 1) nén su ¢ trén tuabin gio tuong 601 da dang, co thé xuat hién tai nhleu vi tri nhu sy ¢0 trén
rotor va cach quat, sy cd o hop s, su cb tai may phat, su ¢d tai vi tri 6 d&, sy cd nut giy truc
tuabin, su ¢ hoéng hoc hé thong phanh, sy ¢ & thiét bj cam bién,... Diéu nay dan t6i chi phi bao
dudng va van hanh cua tuabin gi6 ciing khé cao, thuong chiém 15-20% chi phi ddu tu khi méi lip
dat, va co thé tang 1én dén 20-35% trong sudt vong doi ciia tuabin [1]. Viéc phat trién cac loai
tuabin m&i v6i chi phi bao dudng va van hanh thdp dang dugc quan tim béi cac nha san xuét 16n
trong thoi gian gin day. Bén canh d6, viéc chan doan va phat hién som cac 15i c6 thé xay ra trong
tuong lai 1a bién phap khong tén kém nhung dem lai hi¢u qua cao vé mit kinh té. Phuong phap
chan doan dya trén thir nghiém khong pha huy khi Xuét xuong, va trong qua trinh lam viéc da dugc
dé xuit & [2]. Mot s6 phuong phap chan doan va phat hién 15i dua trén gidm sat tinh trang lam vi¢c
va hiéu suat 1am viéc tai cac bo phan cua tuabin gid duoc dé xuat & [3-5]. Mot s6 nghién ctru da
st dung dir liéu do dugc tir hé théng SCADA dé phéan tich nhim chan doan va canh bao sém cac
su ¢ xay ra & tuabin gi6 [6-8]. Gan ddy, v6i su phat trién manh mé& cua hoc may, hoc séu va trf
tu¢ nhén tao dd mo ra hudng nghién ctru moi trong linh vue chén doan, nhan dang su ¢ trong hé
thong dién [9, 10]. Uu diém ctia cic mo hinh nay 1a ¢ thé xtr 1y luong dit liéu 16n, c6 cau tric
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phtec tap, va bién thién lién tuc. Trong bai bao nay, nhom nghién ctru dé xuat sir dung mot sé mo
hinh hoc may trong linh vyc nhian dang nhu Random Forest, Logistic Regression, Adaptive
Boosting (AdaBoost), Multi-Layer Perceptron (MLP), Stochastic Gradient Descent (SGD) va
Gradient Boost (GDB) d¢ phat hién 15i ctia hé thong tuabin gié dua trén dir liéu dau vao do duoc
tir h¢ théng SCADA. Dit liéu duoc thu thap va ing dung trong mé hinh bao gdm dir liéu trang thai
va dit liéu van hanh cuia tuabin gid.

Stator may phat

Rotor may phét

-

Diéu khién
do cao canh quat

. DONZ €O’ phrong vi
Thiét bi chuyén hwéng
Phanh ham

Truc rotor

B chuyén dbi cinh

~Truy thiap
Cinh quat

Déu truc/con quay
Dong co diéu chinh ludi

Hinh 1. Cdu tao cia tuabin gié.
2. CAC MO HINH HQC MAY UNG DUNG TRONG BAI TOAN NHAN DANG

2.1. Random Forest

Random Forest Prediction

e New instance

ﬁ 2= c;ae & i ﬁ H ﬁ Decision Trees
dddddd Lddddd

Predictions

o Ensemble prediction

Hinh 2. M6 hinh Random Forest.

Random Forest 1a mot phuong phap thong k& mé hinh héa bang may dung dé phuc vu cac muc
dich phan loai, tinh hoi quy va cac nhiém vu khac bang cach xay dung nhiéu cay quyét dinh (hinh
2). Mot cay quyét dinh 1a mot cach don gian dé biéu dién mot giao thirc. N6i cach khéc, cay quyét
dinh biéu dién mot ké hoach, tra 101 cau hoi phai lam gi trong mét hoan canh nhét dinh. Mdi nat
cua cay s€ 1a cac thudc tinh, va cac nhanh la gia tri lya chon cta thudc tinh do. Béng cach di theo
céc gia tri thudc tinh trén cdy, cay quyét dinh s& cho ta biét gia tri du doan. Nhom thuat toan cay
quyét dinh c6 mot diém manh d6 1a c6 thé str dung cho ca bai toan phén loai va héi quy. Random
Forest c6 kha nang tim ra thudc tinh nao quan trong hon so véi nhitng thudc tinh khac. Trén thuc
té, n6 con c6 thé chi ra rang mot s6 thude tinh 1a khong c6 tac dung trong cy quyét dinh. Dé cac
dic tinh trong mé hinh duoc twong quan thi thuat toan 1dy mau duoc ap dung. Thuat toan nay gitp
nhan biét nhitng dic tinh manh c6 thé anh huéng dén qua dau ra va tir d6 n6 duoc chon nhiéu hon

4 N. Q. Minh, ..., N. X. Tung, “Nghién citu phdt hién sw co ... tuabin gié dwa trén hoc mdy.”
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trong mo hinh nay. Va tir 46 Random Forest s& sip xép su quan trong cua cac dic tinh trong bai
todn phan loai va hoi quy.
2.2. Stochastic Gradient Descent

MBS hinh ban dau ctia mé hinh Stochastic Gradient Descent 1a Gradient Descent (GD). Viée xay
dung m6 hinh SGD 1 dé tranh nhitng diém cuc tiéu cuc bd nhung khong phai 1a cyc tiéu toan cuc
ctia ham muc tiéu (hinh 3).

a) GD b) GD c) GD with momentum
Hinh 3. M6 hinh SGD.

Thuét toan Stochastic Gradient Descent bao gdm cac budc nhu sau:

- Khoi tao: Khoi tao ngﬁu nhién cac tham s ctia md hinh.

- Pit tham sd: Xac dinh sb 1an lap va tbc do hoc (alpha) dé cap nhat tham $6.

- Vong lap giam dan ngau nhién: Lip lai cac budc sau cho dén khi md hinh héi tu hodc dat sb
lan lap tdi da:
+ X4o0 tron tap dit liéu huin luyén dé tao ra tinh ngéu nhién.
+ Lap lai tung vi du huén luyén theo thu ty dugc xao tron.
+ Tinh toan do ddc ctia ham chi phi ddi voi cac tham s6 mé hinh bang cach str dung mau huén
luyén hién tai.
+ Cap nhat cac tham s6 mo hinh bﬁng cach thuc hién mot budc theo hudng do dbc am, duoc
chia ty 1€ theo tdc do hoc.
+ Panh gia cac tiéu chi hoi tu, chang han nhu su khac biét trong ham chi phi giira cac 1an lip
ctua do déc.

- Tra vé cac tham s duge tbi wu hoa: Sau khi dap ung cac ti€u chi hoi tu hoac dat dén sb lan
lap tdi da, tra vé cac tham s6 mo hinh duoc t6i wu hoa.

2.3. AdaBoost

Thuét toan AdaBoost, viét tit cuia Adaptive Boosting (tdng cudng thich tmg), 1a mot mé hinh
hoc may co6 giam sat, duoc sir dung trong 16p cac bai toan phéan loai. N6 duoc goi la tang cuong
thich g vi cac trong s6 ctia md hinh dugc cap nhat lai sau mdi phién ban, véi trong s6 cao hon
dugc gan cho cac phién ban duoc phén loai khong chinh x4c. Viée nay dwoc thuc hién dé giam do
léch va phuong sai cho viéc hoc ¢6 giam sat. Thudt toan hoat dong theo nguyén tac phat trién tuan
tu. Ngoai trir 1an dau tién, mdi 1an hoc tiép theo déu duge phat trién tir nhing 1an hoc di tinh toan
truge do. Noi mot cach don gian, AdaBoosting st dung m6 hinh phén loai c6 diéu chinh lai trong
s6 dé thu dugc mé hinh phan loai voi do chinh xac cao nhét.

Dir liéu bai toan ban dau s& gdm c6 2 nhan phan loai (chia dit liéu thanh 2 nhom) y={1,-1}.
Dua vao mé hinh phén loai ban déu ta s& c6 duoc nhitng du bao f(x) € {—1,1} cho cac dir kién
dau vao xi.

Thuét toan AdaBoost bao gdm cac budc nhu sau:
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Khoi tao trong s6 quan sat.

1

w;==,Vi=1LN (1)

Lap lai qué trinh hudn luyén chudi mé hinh & mdi budc b,b=1,2,...B.

Kh6p mé hinh £? cho tap hudn luyén st dung trong sb wi cho mdi quan sat (xi,Yi).
Tinh sai s6 huén luyén:
S wit(yiEf ()

Tinh trong s6 quyét dinh cho tirng mé hinh:
a, = log (1 rb) 3)
Cap nhit trong s cho ting quan sat:
wieabi(yl'=fb(xi))
R T @
Cép nhat du bao cudi cung:
f(x) = sign(X}_, a:f'(x)) (5)

2.4. Gradient Boosting

Mo hinh Gradient Boosting ciing ¢6 ¥ tudng twong tu nhu AdaBoosting d6 1a huan luyén lién
tiép cac md hinh. Tuy nhién, phuong phap nay khong str dung sai sb cia mé hinh dé tinh toan
trong sb cho dit lidu huén luyén ma sir dung phan du. Xuit phat tir m6 hinh hién tai, thuat toan s&
x@y dung mot cay quyet dinh dé khop phan du tir mé hinh lién truée. Piém dic biét ciia mo ‘“hinh
nay la thay vi ¢ gang khop gia tri ham muc tiéu thi mo hinh s& tim cach khép gia tri sai s6 cua
mé hinh trude d6. Sau do, thuat toan s& dua thém mo hinh huin luyén vao ham dy bao dé cap nhat
dan phan du. M&i mét cay quyét dinh trong chudi mé hinh c¢6 kich thude rat nhéd véi chi mot vai
nit duoc xac dinh boi tham sb d6 sau trong mo hinh.

Trong md hinh nay, hé s6 co A dugc sir dung. Pay 1a mot hé sé duong véi tri s6 nho, gan giéng
nhu learning rate (toc d¢ hoc), c6 tac dung kiém soat ty 1é ma phuong phap Gradient Boosting cap
nhat sé du. Céc gia tri ctia hé s6 co thuong 14 0.01 hodc 0.001 v.v. tuy thudc vao timg bai toan va
ting bo dit liéu cu thé. Thong thuong khi A rat nho co thé can st dung mot gia tri rat 1on cua sb
luong ciy dé dat dugc hidu suat tét. Mot tham sb khac ciing duoc st dung 14 d6 sau d cua cay
quyét dinh, n6 dai dién cho sb 1an phén chia t6i da trong mdi cdy. Duéi day la cac budc cua thuét
toan Gradient Boosting:

Thiét 1ap ham du bao f(x)=0 va sé du re=y cho toan b quan sat trong tap huén luyén.

Lap lai qua trinh huén luyén ciy quyét dinh theo chudi twong g véi b=1,2,...,B. V&i mot lugt
huén luyén gom céc budc con sau day:

+ Khép mét cay quyét dinh £? c¢6 d6 sau d 1a trén tap huan luyén (X,rb).

+ Cap nhat £ (x) bang cach cong thém vao gia tri du bao ctia mot cay quyét dinh, gia tri nay
dugc nhan vai hé so co A

f) = f) +2f2(x) (6)
+ Cap nhét phan du cho mé hinh:
Ths1 =1 — Af () (7)
Két qua dy bao tir chudi mé hinh s 1a két hop ciia cac mo hinh con:
fe) =ZE-12f°() (8)

6 N. Q. Minh, ..., N. X. Tung, “Nghién citu phdt hién sw co ... tuabin gié dwa trén hoc mdy.”
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2.5. Mang no ron nhan tao nhiéu 16p (Multi-Layer Perceptron)

Mang no-ron nhan tao nhiéu 16p 1a mdt md hinh hoc may dua trén cAu tric va hoat dong cua
bd ndo con ngudi. N6 bao gdm mot mang ludi cac no-ron nhan tao dugc két ndi vai nhau (hinh
4). Moi no-ron nhén cac dau vao tir cac no-ron khac, tinh tong trong so cua cac dau vao do va sau
d6 ap dung ham kich hoat dé tao ra dau ra. Céc no-ron ctia mot 16p lién ket vdi cac no-ron cua lop
lién ke thong qua cac ham kich hoat (activation function) c6 trong s6. Cac ham kich hoat nay la
cac ham phi tuyén, ddc trung cho modi quan hé phuc tap cua di li¢u.

C6 hai ham kich hoat duoc sir dung phd bién trong mang no ron nhén tao 1a ham Sigmoid va
ham ReLU

o(x) = — )

R(x) = max (0,x) (10)

Qutput
{prediction)

Input
(features)

Hidden Layers
lots of layers ~ “deep learning”

Hinh 4. M6 hinh Multi-Layer Perceptron.
Mo hinh Logistic Regression cling chinh 12 mdt mang ro non nhén tao vai mot 16p.
3. KET QUA
3.1. Dix liéu dau vao
Bing 1. Vi du vé dir lidu vn hanh (SCADA data) thu thap dwoc tir tua bin.

DateTime | WEC: ava. WEC: max. WEC: min. WEC: max.
windspeed windspeed windspeed Rotation

5/1/2014 6.90 9.40 2.90 0.02
0:00

5/1/2014 5.30 8.90 1.60 0.01
0:09

5/1/2014 5.00 9.50 1.40 0.04
0:20

5/1/2014 4.40 8.30 1.30 0.08
0:30

5/1/2014 5.70 9.70 1.20 0.05
0:39

5/1/2014 8.40 9.90 5.40 0.04
0:49

5/1/2014 6.70 10.50 1.90 0.02
1:00

5/1/2014 3.70 9.10 1.10 0.04
1:09

Trong nghién clru nay, tac gia da tham khao b dir liéu van hanh (bang 1) va dir liéu trang thai
cua tuabin gié (bang 2) [11]. Dir liéu van hanh dugc thu thap tir tuabin gié véi cong suat 3 MW,
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cung cip dién cho mot co sé san xuat thiét bi y sinh nim gin bo bién Ireland. C6 2 tép dit liu
duoc thu thap tir hé théng tuabin la thong ) van hanh va tinh trang cuia tuabin trong cac khoan
thoi gian khac nhau. Trong do, tinh trang hoat dong dugc thu thap trong khoang thoi gian dai nhat
tir thang 1 nam 2014 dén thang 12 nam 2015 trong khi bo dit liéu ngan nhét 1a thong s6 van hanh
SCADA tur thang 4 nam 2014 dén thang 4 nam 2015. Do d6, khi thu thap dir li€u SCADA, chung
ta co thé tham chiéu tinh trang hoat dong ciing nhu 151 dé danh gia tinh trang 1am viéc cac tuabin
trong trong thoi gian trén.

Bo dir liéu gom 49134 dit lidu cac thong s6 van hanh cta turbin gié va thong s6 trang thai cta
n6. Bo dit liéu co dic diém 1a rat chénh léch (hon 90% trang thai hoat dong 1a binh thudng, con lai
1a trang thai su ¢d), vi vdy, phuong phap tinh toan hiéu suat ciia mot mé hinh phan loai theo cac
ngudng phan loai khac nhau (ROC-AUC) tré nén quan trong, dic biét khi két hop vai cac ki thuét
can bang dit 1iéu nhu SMOTE va tinh chinh tham s bing GridSearchCV.

Bdng 2. Vi du vé dir liéu trang thadi van hanh cua tuabin gio.

DateTime Main Sub Status | Full Status | Status Text
Status
24-04-14 12:37 0 0 0:00 Turbine in operation
Insulation monitoring :
25-04-14 19:27 71 104 71:104 Insulation fault Phase U2
26-04-14 9:30 8 0 8:00 Maintenance
26-04-14 10:05 8 0 8:00 Maintenance
26-04-14 10:05 8 0 8:00 Maintenance

3.2. Két qua
Két qua so sanh vé d6 chinh xac va thoi gian nhan dang sy ¢ cta cac thuit toan dé xuét duge
thé hién & bang 3, ma tran hop nhat (confusion matrix) ctia cac thuat toan dugc thé hién ¢ hinh 5.
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Hinh 5. Két qua Confusion matrix ciia cdc mé hinh hoc may.
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Bing 3. Két qua so sanh giita cdc mé hinh hoc mdy dé xudt.

Thuét toan Random Logistic AdaBoost MLP SGD GDB
Forest Regression

Do chinh xac 99.55 81.77 96.72 97.38 81.85 99.66

Thoi gian nhan 0.0197 0.0002 0.0342 0.0003 | 0.0002 | 0.0005

dang trung binh

Thoi gian nhan 0.0340 0.0014 0.0420 0.0015 | 0.0015 | 0.0015

dang 16n nhat

Bo tham sb t6i uu cta cac md hinh duge thuc hién boi thuat toan GridSearchCV véi két qua
nhu sau:

Random Forest Best parameters: {'max_depth': 20, 'max_features': 'log2’, 'min_samples_split':
10, 'n_estimators": 300}

Logistic Regression Best parameters: {'C": 0.1, 'penalty": 'I12'}

AdaBoost Best parameters: {'learning_rate": 1, 'n_estimators": 300}

Multi-Layer Perceptron Best parameters: {'activation: ‘relu’, ‘alpha 0.05,
‘hidden_layer_sizes": (50, 100, 50), 'learning_rate": ‘adaptive', 'solver'. 'adam'}

Stochastic Gradient Descent Best parameters: {alpha: 0.01, 'eta0": 1, 'learning_rate".
‘adaptive’, 'loss": 'hinge', 'penalty”: 'I1', 'tol': 0.0001}

GradientBoosting Best parameters: {'learning_rate": 0.1, 'max_depth": 10, 'n_estimators': 200}

Két qua cho thﬁy, cac thudt toan hoc may dé xudt déu cho két qua do chinh xac phat hién sy cd
trén 80%, trong do, thuat toan GDB cho d¢ chinh xac cao nhét 12 99.66%. Cac thuat toan khac co
dd chinh xac dao dong trong khoang tir 81-99%. Thuat toan GDB da thé hién dugc wu diém 1o rét
trong cac bo dir liéu 16n c6 céu trac dang bang, do co ché khép trén nhiing cdy quyét dinh cd kich
thudc rat nho trén nhiing phan du tir d6 ca thién ham dy bao. Bén canh dd chinh xac thi thoi gian
nhén dang ciling la mot yeu t6 quan trong dé danh gid hiéu qua cua thudt toan. Cac thudt toan dugce
sit dung déu cho thoi gian nhan dang tuong ddi nhanh. Thuit toan Logistic Regression va
Stochastic Gradient Descent c6 cau trac don gian nén thoi gian nhan dang trung binh nhanh nht,
tuy nhién, ciing do cau triic don gian nén hai thuat toan nay c6 d¢ chinh xac chi dat khoang 81%.

4. KET LUAN

Trong nghién ctru ndy, nhom da dé xuét st dung cac thuét toan hoc may nham phat hién su cd
trén tuabin gi6 dya trén dir liéu do dugce tir hé thong SCADA. Hai thong sO quan trong dé danh gia
cac mo hinh nhén dang 1a d6 chinh xac va thoi gian tinh toan. Ket qua cho thay, thuat toan GDB
¢6 d6 chinh x4c cao nhit khi nhan dang sy ¢6 trong thoi gian ngén. Mot sb thuat toan khac cho do
chinh xac tuong ddi cao, tuy nhién, thoi gian nhan dang 1au hon. DPéi véi viee ung dung cac thuat
toan hoc may vao phat hién 15i, dir liu SCADA thu thap 1a hét strc quan trong. Dit liéu duoc thu
thap va tmg dung trong mé hinh bao gém dir liéu trang thai cua tuabin gié ciing nhu dit liéu van
hanh. Viéc két hop hai loai dit liéu nay c6 thé phat hién sy ¢b ciing nhu chuin doan chung mot
cach chinh x4ac hon. Véi didc diém dit liéu do duge tir SCADA 1a loai dit liéu c6 cdu truc, cac thuat
toan hoc may nhin chung t6 ra c6 wu diém vé do chinh xac ciing nhu thoi gian tinh toan. Viéc phat
hién sém va chinh xé4c cac su ¢b c6 thé xay ra trén tuabin gié c6 thé gitp giam thiéu chi phi bao
dudng, van hanh, cling nhu thoi gian nging cung cap dién do hong héc, nang cao do tin cdy ciia
hé thong dién. Trong cac nghién ciru tiép theo, nhom s& tap trung vao vi€c cai thién cac mé hinh
hién c6 nhim nang cao d6 chinh xac clia bai toan nhan dang su cb.
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