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PHUONG PHAP CHAN POAN LOI CHO HE THONG PHI TUYEN
(PNG DUNG THUAT TOAN KPCA VA MANG NO-RON NHAN TAO

NON-LINEAR SYSTEM FAULT DIAGNOSIS METHOD BASED ON KPCA AND
ANN CLASSIFIER
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TOM TAT

Bai bdo dé xudt phirong phdp phat hién va chan dodn 16i qud trinh cong nghé da bién phirc
tap. O phwong phdp nay, cdc 16i hé thong dwege phat hién diwa theo nhitng sai léch gitra déap vmg tir
hé thong thiee té va dir liéu tiéu chudn. Phép phan tich thanh phan chinh sir dung mdt na (Kernel
Principal analysis hay KPCA) két hop véi bo phdn 16p dwoc xdy dung dia trén mé hinh mang
no-ron nhan tao (ANN) givip nhanh chéng phat hién va phan loai 16i trong qud trinh chan dodn hé
thong.

Trong nghién civu nay, hé thong bon khudy lién tuc c6 gia nhiét dwoc khdo sat dé kiém chimg
cho phwong phdp dé xudt. Hé thong dwoc mé hinh héa va mé phong, két qua mé phong chirng minh
phirong phdp chéan dodn 16i ¢6 kha nang phdt hién va phan logi 16i véi dg chinh xdc trén 85%.

Tir khéa: Chdn dodn 16i hé thong; Mang no-ron nhén tao; Phdn tich thanh phan chinh div
lieu (PCA, KPCA), Ham Softmax.

ABSTRACT

This study proposes a method of fault detecting and diagnosing for the technological process
based on real-time system responds. In this method, the system faults are detected based on the
errors between standard data and real-time process responses. The Kernel Principal Component
Analysis (KPCA) combining with ANN model is utilized to detect and classify immediately errors
during fault diagnostic process. In this research, the method is verified on Stirred-Tank Heating
Process. The system is modelized and simulated, all results prove that the proposed method could

detect and classify faults with more than 85% in accuracy.

Keywords: Fault diagnostics, PCA; KPCA; ANN; Data-driven; Softmax function.
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1. TONG QUAN

Nhirng nam trd lai ddy, nhu cdu cho cac
quy trinh cong nghé vo1 hi¢u ndng cao dang
gia tang mot cach nhanh chéng nhu hé qua
ctua qua trinh cong nghiép hoa. Trong do, viéc
diéu khién va gidam sat cac quy trinh hoa hoc
noi riéng va cac hé thong phi tuyén néi chung
ludn thu hat sy chi ¥ cua cac nha nghién ctru
boi tam quan trong va tinh chat phuc tap cua
chung. Mot s6 dbi twong trong céc qua trlnh
nay c6 thé ké dén nhu: luu luong, 4 ap suét, nong
do, nhiét dog,... Bén canh phat trién céc giai
thuat diéu khién m¢i nham cai thién do 6n dinh
va hi€u nang cua qua trinh, viéc giam sat hé
théng ciling hét sirc quan trong nham dam bao
hé thong ludn duge duy tri & trang thai tot nhat
cling nhu han ché tdi da cac trudng hop ngoai ¥
mudn xay ra.

Ngay nay, c6 rat nhiéu sy lva chon céc
thuat toan dugc xay dung hudng dén viéc xu
Iy dit liéu hiéu quéa nhat c6 thé. Tuy nhién, mdi
phuong phap diéu ¢ nhirg vu va nhuoc diém
riéng. Nhin chung, chung ta c6 thé phan chia
cac phuong phap nay thanh hai nhom: phuong
phap dinh tinh va phuong phap dinh lugng.
Cac phuong phap dinh tinh doi hdi cac nha
phat trién phai hiéu biét thiu déo vé hé thong
va viéc ap dung vao cic quy trinh thuc té 1a
rat kho khan. Vi vay, trong pham vi bai nghién
clru ndy, tac gia chi xét dén phuong phap xir ly
dwr li¢u dua trén phuong phép dinh luong. Cac
phuong phéap dinh luong s6 hoc ¢ thé dugc ké
dén nhu: phan tich thanh phan chinh (PCA hay
KPCA), khoang cach Euclidean, khoang cach
Mabhalanobis,... Tuy nhién, PCA néi chung va
KPCA noi riéng c6 thé dugc xem nhu hai trong
s6 cac cong cu hiéu qua nhét cho cac hé thong
da bién phic tap. Kha niang giam chiéu dir liéu
va ham ph1 tuyén cho phep phuong phap nay
trich xudt cac dic trung can thiét cling nhu loai

b6 nhiéu cho dit liéu thé dau vao. Phuong phap
phan tich thanh phan chinh (PCA) don gian [1]
da duoc ap dung thanh cong dé glam sat va chan
doan cac bat thuong trong hé thong. Nhitng nim
sau do, cac mo hinh PCA dugc tinh chinh [2],
[3], [4], [5] dé cai thién chét lwong xir 1y dit liéu
va ap dung vao cac hé théng phi tuyén da bién
phtre tap hon. Tuy nhién, cac mé hinh PCA ké
trén dua theo ky thuét tuyén tinh hoa trong khi
cac qua trinh thuc té c6 d6 phi tuyén cao va hét
suc phtrc tap. Vi vay, dua trén mé hinh PCA cd
dién, viéc phan tich thanh phén chinh dua trén
mit na phi tuyén (Kernel Principal Component
Analysis hay KPCA) duoc xét dén nhur 1a mot
su lua chon tot nhat cho cac hé thong nay. Mt
na phi tuyén (Kernel) thuc chat 1a phép bién
d6i dir liéu nham phan phdi dir liéu trén mot
siéu phang dé dir liéu tré nén kha phén tuyén
tinh. Cac nghién ctru [6] , [7] deé xuat phuong
phap chan doan 18i cho hé thong co yéu td hoa
hoc st dung mé hinh KPCA dya trén hai tiéu
chuan danh gia 1a T>va Q. Gan day, [8] d4 Gmg
dung tinh chon loc dir li€u ctia mé6 hinh PCA cd
dién dé xay duyng md hinh RKPCA (Reduced
Kernel PCA) nham chan doan 15i cho hé théng
san xuat xi-mang. Hon thé nita, m6 hinh hybrid
— KPCA [9] lan dau tién dugc tng dung thanh
cong dé phat hién cac bat thuong trong hop sd
banh rang hanh tinh.

Mic du cac phuong phap ké trén co
thé xtr 1i dir liéu phi tuyén va phat hién cac bit
thuong mot cach hiéu qua nhung viéc xay dung
cac bo phan loai 16i cho ting trudng hop cu
thé 1a hét sirc kho khan. Dé giai quyét van dé
nay, mot sé moé hinh mang no-ron nhén tao (goi
tat 1a ANN) duoc sir dung nhu 1a: AE (Auto
Encoder), LSTM (Long Short Term Memory),
AE-LSTM,... M6 hinh mang no-ron chu dong
va mang no-ron tich chap (goi tit 1a CNN) [10],
[11] dugc gi6i thiéu nham chan doan cho qué
trinh hoa hoc dua trén dir liéu duoc thu tap tr
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cac cam bién trong hé théng. Viéc so sanh cac
mod hinh mang no-ron khac nhau trong viéc
chan doan 16i hé théng [12] cho thiy mdi mo
hinh déu chi c6 thé ap dung cho mot s6 hé
thong c6 dic tinh va yéu ciu nhat dinh. Hau
hét cac mo hinh ANN doi hoi nha phat trién
phai nhan dién duoc tt ca bat thudng c6 trong
hé thong dé gan nhan phu hop cho timg truong
hop cu thé. Tuy nhién, véi mot hé thong phirc
tap hay moi duoc xay dung thi rat kho dé co du
thong tin cho viéc phan loai tit ca cac 161 xay
ra, nhung ching ta van c6 thé phat hién duoc
chung bang cach st dung phwong phap sb hoc
vi du nhu KPCA.

Trong pham vi nghién ctru nay, tac gia
dé xuat phuong phéap két hop mé hinh ANN va
phuong phap s6 (KPCA) dé xay dung mé hinh
chan doan 13i cho qua trinh cong nghiép. Chan
doan & day c6 y nghia phat hién va phan loai 16i
néu co.

2.CO SO LY THUYET
2.1. DPoi twgng khao sat

Trong nghién ctru nay, mé hinh bon
nudc gia nhiét dugc st dung dé khao sat
phuong phap chin doan 15i hé théng. Pay la
hé thdng c6 tinh phi tuyén cao thuong duoc xét
dén trong cac nghién ctru lién quan. Hinh [1] va
bang 1 thé hién cau tric hé théng va cac tham
s6 duoc xét dén.

Bdng 1. Théng s6 co ban hé bon gia nhiét

Théng sb Gia tri
Tiét dién (A) 1500 cm?
Hé sb xa (C) 0.6
Tiét dién x4 (b) 7 cm?
Hé sb cong suat cua bom (K) 150 cm?/Vs
Gia tdc trong truong (g) 9.81 m/s?

Fr- rr- Er

Heater

Hinh 1. Mé hinh hé bon nuée gia nhiét

2.2. Giam sat qua trinh dua trén thuat toan
KPCA

Puogc xét dén nhu 1a k¥ thuét bién dbi
dir liéu tuyén tinh truyén thong, PCA chuyén
dir liéu nhiéu chiéu thanh dit liéu don gian hon
sao cho gitr lai duogc tdi da thong tin cua dir li€u
ban dau. Khi thuat toan dugc xtr Iy trén mién
dac trung cua dir liéu, KPCA dugc ap dung.
Trong nganh khoa hoc dir liéu, KPCA dugc biét
dén nhu phuong phap hoc may dya trén mat
na (hay mit na phi tuyén). Trong nghién ciru
nay, ba bién s6 dugc dua vao mo hinh KPCA
bao gdm mirc nudce, luu lugng nude va nhiét do
ctia nude. Cac bude xur 1y co ban nham xu 1y
dir liéu dua theo thuat toan KPCA dugc mo ta
trong [2], [6], [7] va cac nghién ctru li€n quan
trude do.

2.3. M6 hinh ANN v61i ngo ra 1a ham Softmax

Trong cac tng dung phan loai d6i tuong,
ham Softmax dugc st dung nhu 1a ham kich
hoat cudi cting cho mé hinh mang no-ron nham
dua cac phan tir trong vector ngd ra vé khoang
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gi4 tri (0,1) dai dién cho két qua nhan dang xac
suat nhén ra ting d6i tuong trong tong thé.

Trong md hinh thyc nghiém ¢ phén sau,
vector dau vao cho mé hinh ANN bao gdm céc
tin hiéu diéu khién va dap tmg hé théng nhu
1a dién ap diéu khién bom nuéc, dién ap diéu
khién bd gia nhiét, mirc nudc, luu lugng nudc
va nhiét d6 nudc trong bon. Vector ngd ra voi
moi ph?m ttr thé hién xac suit nhan dang cho
ting 101 duoc quy wdc trude trong hé thong.

3. PHUONG PHAP THU'C HIEN

Tac gia dé xuat mo hinh phat hién va
phan loai 16i hoat dong doc lap véi nhau. Diéu
nay dua trén vu diém xu 1y dit liéu ciia phuong
phap sb (KPCA) va m6 hinh mang ANN —
Softmax. Hinh [2] thé hién qua trinh thu thap
va xtr Iy dir liéu giira dir liéu mAu tiéu chuan va
dap tmg hé thong thyc.

Normalsystem

On-line Monitoring

L]

fy
ANN -SOFTMAX

L ] : . 4
Faslt 1 ) (Faslta)

Hinh 2. Luu do chan dodn hé thong tong qudt
4. KET QUA THU'C NGHIEM

4.1. Khi h¢ thong hoat dong binh thwong
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Hinh 3. Két qua ddp iimg khi hé thong hoat dong
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Hinh 4. Két qua biéu do giam sat KPCA

Hinh 3 va hinh 4 thé hién dép ung khi
hé théng hoat dong binh thuong khong phat
sinh 13i, ca hai duong biéu dién dir liéu déu
nam dudi ngudng T-UCL do khong c6 su sai
léch bat thuong ma chi c6 bién dong ngéu nhién
trong hé théng trong ngudng cho phép.

4.2. Khi hé thong xay ra 15i
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Hinh 5. Pdp vng hé thong khi xay ra 16i
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Hinh 6. Két qua biéu do giam sat KPCA

Hinh 5 va hinh 6 thé hién dap Gng hé
thdng va giam sat dir liéu trén mé hinh KPCA
khi c6 tac nhan gay 16i (trong truong hop nay 1a
16i bom khong hoat dong). D& dang nhan thiy
rﬁng, dit liéu thuc té ¢6 su chénh 1éch 16n so véi
dir liéu tiéu chuan. Dudi day 1a bang thong ké
d6 chinh xac cta qua trinh chin doan 18i khac
nhau ctua hé théng v&i 100 mau di liéu cho mdi
16i khac nhau. Két qua cho thdy mé hinh chan
doan 16i c6 do chinh xéc trén 85%, phu hop voi
yéu cau nghién ctru dé ra cho phuong phap.

Bdng 2. Thong ké két qud chin dodn 16i hé thong

50) Do
Léi chinh Léi chinh
xac xac
Ldibom | 91% | L0ibogia 88%
nhiét
Hi¢u sHat 7% HlegAsugE gia 93%
bom giam nhiét giam
LGi cam Ldi cam bién
bién muc 96% n an 89%
; nhiét do
nudc
5. KET LUAN

Phuong phép chan doan 15i bao gém co
ché phat hién va phan loai 15i hoat dong doc lap
v6i nhau ¢6 do chinh xac cao do tan dung dugc
uu diém cua timg phuong phap. Viéc van dung
phuong phap xtr 1i dit liéu s6 hoc va mé hinh
mang ANN cho kha ndng thich g vdi cac h¢
thong da bién phi tuyén phic tap. Két qua thuc

nghiém da chirng minh tinh ing dung va hi¢u qua
cao cua phuong phap duogc tac gia dé xuat. %
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