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FERES i — AW AHS . M AR MMD JE B MR 5 i
BEASE Sy, ATRAHRAR .

1/n? X, X, € source domain
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+ + | pps,
F F

2
x;,—Ds; +(15)

= argmin x,—DQs;
5

Ck
+“z\ s ‘ +(,Bl]14],.+/)’2(I—H)ﬁ)sfsj+sfhj
p=1

qrb, 0. PR Bbr BRI R ) AR . Q=
diag(0,0.....1,1,1,...,0,0,0)e R**%;  P=I-Q; h=2>
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AR AESS

3.4.1. R R

Tl D ANEAZVCALIESR (OMP) BIk[3710% kit 55
WA BARIREIE At si R, INZREErh B ARIsEdE 1)
HiWFRZ (RES) "JUMRIEAX (19 53],

r:||x—Ds ||2 (19)
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T, g A2 e i

3.4.2. B IR
DB IS BASI  IE 5 5, AT SR, Eid
A (200 RKHEE x.

mode = argmin H x—Ds' "
i

X s s TR R «

£3 LPTid, RTDL )58 8RB 45 505 2.
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F
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W H S REA [ 43 A o 4T CSTH ZEUERI XML RS, KR
H 5 — Sl ek T VEEAT T PERE LR

4.1. TERE T S BUBURNE Sty

4.1.1. ¥t
ANEBUEE FiE AT T 525, DURAIEA SCEhHLIE
B R RE . B BB A AL R .

X, 0.5768 0.3766 e,

X, 0.7382  0.0566 e,
x=|Xx,|=]08291 0.4009 [‘}-+ e, (21)

X, 0.6519 02070 |- |e,

X, 0.3972  0.8045 e

P, X=[X,,%,, 55, %, % | R AR WA &5 1, Ailg,
TR 7 B P NSNS B ey ey, e T
HRTASE TG RN AR B e 7 o Dt W, Bl
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Algorithm 1. Sparse matrix optimizing algorithm.

Input: Data matrix X, MMD matrix M, LDA-like matrix H, parameters a, £, and f3,
Output: optimal sparse matrix .§
Begin optimizing algorithm
For each s; in § do
Step initialization:
5,=0,0=0, active set 4 = { }, where 0 is a vector that represents a symbol of s, 0,€ { —1,0, 1} denotes sign(s}’”)
Step activate:

From zero coefficients of s, select p: = arg max % g(s;)|. Activate sj(.‘”) (add p to A) only if it locally improves Eq. (15); that
P

is, if V?g(s;)>a, then set 6, = —1,4={ p} LA; otherwise, if V" g(s;)<—a, then set §,=1,4={ p| uA

Step feature-sign search:

A

Let 13, EQ, and DP be a submatrix of D, DQ, and DP that contains only the columns in 4; let §j h, and éj be sub-vectors of

s, h, and @ in A, respectively

2

> %)

Compute the solution to the resulting unconstrained quadratic optimization problem (QP):
min /(§;)= b, = DS\ + ;= DQS,[7-+[|DPS)[+(8, M+, (I~ H), )37 8+ 57 by + 03,

If we let &f (8;)/0s;=0, we can obtain the optimal value of s; under the current A:

Anew AT 1 =T =5 T - AT =57 A 7
5= {D"D+ D' DQ + DP'DP + (M, +fo(1-H) ) 1} (D"x+ DP x— (o, +1,) 2]

Perform a discrete line search on the closed line segment from §; to §7°

Check the objective value at §;°" and all points where any coefficient changes sign

Update s, (and the corresponding entries in s) to the point with the lowest objective value

Remove zero coefficients of s; from the active set 4 and update @: =sign (s,)

Step check optimality conditions:

. o iy o) N )
(i) Optimality condition for nonzero coefficients: V¥ g(s;)+asign(s;” )=0, Vis;”#0

If condition (i) is not satisfied, go to the step “feature-sign search” (without any new activation); otherwise, check condition (ii)

(i1) Optimality condition for zero coefficients:

V(p)g(S/) ‘ <a, vs;p) =0

If condition (ii) is not satisfied, go to the step “activate;” otherwise, return s, as the optimal solution

End for
End optimal algorithm

R AE IR H ARIEE PR RS o BEAIRES AL N
A M, g, MHETH (e, e, ...es) FEURMZ 7
B IR R, KPR Nu, o’ ) RRBER . T E
N MEi A Ulw,o) RonitFE M o 2l o 5] 5
s EQ)RARSECNAMIRES AT, FO.p) R B HE Ny
Fp I F A3 S 50E B bR B4 2 il 8, e x,
YEPE b RAE T N b
XFTUNZREHE, FRATIE IR A B MBS W AR 1 100 2%
IR HOE, 7 H AR A WOER 1710 4% 08 i .
X T E R, FRATIE R AR AR 50 5% IR W Sl 1E

H bR 300 2% 55 il «

4.1.2. VEREATILAL S0

WY AR, MMD IE A6 AT LDA-like 1F 04k AT DA
AR Ff BT bR o A AR o D T BRI A S84 T B o A e A
MEeS1, BAVFREGIANFF—A, BB S —NIENME S5
NE, EUHOESAEA I 30 YISREHE R R 2] —
MAFER I, SR E I A ST U OMP BE1S 258
B H br R AN S O 1R R ARARS . FRATE i
PCA KR HARRS T Ak . B2 R T Al AL 15 00 o

K2 () BRTHREHBRISAM. HTHRET,
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Algorithm 2. RTDL.

Input: Source domain data matrix X, =[x, Xy, ... x, ], target domain data matrix X,=[x,X, ...,

Begin RTDL algorithm
Step 1. Initialization

Structure data matrix X=[X_,,X,;, ..., X.. X,

sl» scr et

x, ], parameters a, 3, and j3,

.o X s X, ], MMD matrix M by Eq. (4) and LDA-like matrix H by Eq. (8). D

and § are initialized as random values, where X and X, represent the data sets of Cth mode of the source domain and target

domain, respectively
Step 2. Off-line training
Obtain D and S iteratively
To fix S, update D using Eq. (14)
To fix D, update S using Algorithm 1
Step 3. Online testing
(i) Process monitoring
Get the RES limit by D and the OMP and KDE algorithms

Conduct process monitoring by comparing the RES statistic and RES limit

(i1) Mode classification

After the testing data is detected as normal data, conduct mode classification using Eq. (20)

End RTDL algorithm

RL ST AEBE AR

Variable
Mode

t t (er.ey,..e5)
Mode 1 in source domain N(5,0.8) N(15,1.3) 3E(0.5)
Mode 2 in source domain U@2,3) N(15,1.7) 3E(0.5)
Mode 1 in target domain N(5,0.8) N(15,1.3) 0.1F(5,10)
Mode 2 in target domain UR,3) N(5,1.7) 0.1F(5,10)

AR LT AR, HREHEEEAHER. B
2 (b, (o R, FERMEHIH—NERLE, 246
W ARG I W bR, RS Bl B ) JE AR R
Ko B2 (D Bor, JEEHEE PR T ARE, Wil
PR IE A D77, RE S BARAE SR ml . $5itk,
SEIGEE LIRAE T A SCIBINL (5 2.379).

4.1.3. ZHUBURNE 53 H S5

S o T WMEH—AEEWTESH, cEhE
SHIFRRFERE o —RERL, o AT LLIE I W 22 S 175 i FE E
KIEFE, SRR R R R AR F s R BT b L
ME 3R, UFEE (SPR) H20%~50% i, A LIS H]
TR AR AR WIS R PRIk, X SPR S AU 2 AT
IOUE T BT TV SR

BNk, WHEIUS B, AN B, 2B AR s I R E
M. A B, 10 B EI 10°, 17 B, N 102845 70, 4
RIRE R (FAR) FIHFERNZE (FDR) #0822 i

>

WAV Fabs . SR B RERAFESH. oA
H, Hp Ap, A, FAR KT 3%, FDRAZKT
80%. S BB, AR IE IR O, AR A Ml ) 3
REI R 2 B, B, E L /N, 2 ] (=7 S AT DA
TR T P AR A . R, IR AN A R R SET
M=y, M4 Mp, WD KN, HirmHA
SR I B 1 AT 2 e, 5 o) B SO R AR e B
RRHE, R ERTE E R, EdE Oy E B
BBtk o IXPIAG 015 2 IR 5 S A R s b s L)
BEGEENRE S, SEOIRENMREA . AT hixet
SRR N EERE, AT LIRS R IX A R AL
Jiike

4.2. MERE ELE s

42.1. BiiEtE

HH - RTDL 7E 20 7 F A 1t R e bty 3RAT]
DUAE 2 FEILAEILSE T3 e (e B . ARSEIRHES T A
G/

(1) CSTH. CSTH IR —MAE&rm- &,
CUHE 2 FAE VP A5 A R i R 0 7 v () S5 1k [39]. CSTH
(O JEFE A0 & 6 T~ . 76 CSTH I FE A, 75 75 AN BE~F- -
JR BT RGP o A KR BOK R RN KR AT e
[F] I 43 2RI # 40T R B AN SRR A, Horpi
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Q_@ Flowisp
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EMH. E 3% CHR[40], £ Elsevier VFAl, ©2008.

K2 CSTHMEERERHERGE S RE S

Liquid level sensor Temperature sensor Water valve position

Mode

current (mA) current (mA) sensor current (mA)
Mode 1 12 10.5 5.5
Mode2 12 10.5 5.0

Hbrid. PR LR 4. IZREH B b AR S 1
350 AN IE i i 4E A Ay 3 b B RS 1 50 4 1E 5 HoaE 4H
BCo BEAMEAS I 50 A T B A H AR 300 7 Hdis
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B A S0 R SAIEAT T AR HEAG AL B
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sition (LC-KSVD) (S+T). LC-KSVD (T). Fisher dis-
crimination dictionary learning (FDDL) (S+T) . FDDL
(T). moving window PCA (MWPCA) FIRTDL. LC-KS-
VD [41]. FDDL [31]f1 MWPCA [42]75 %2 F T3 72 )
[ = Ff S 3k 1 77 9% . LC-KSVD M FDDL [&] I B A A A7
SIIREJ1, T MWPCA 2 55— T Rl I i 1 3 R 7
. XH, LC-KSVD (S+T) M FDDL (S+T) 4 %l4&
LC-KSVD J7 VA1 FDDL 752, H B AT H BT A 581 2k
el A H PRI R E v AN BE, A BB A A
[A4F4E. LC-KSVD (T) MIFDDL (T) 43%l#§ LC-KSVD
JiEANFDDL 7%, H RS A B ARSI SR B A i AN 2
#i o MWPCA 77 7% B A8 H T VRS I 2580 A1 H ARl
SRBARAE M NERE, A IR (8] (AN [ FFiE. RTDL
HE U ZRE0E A B PRI I 2R B3R G DXl N
. T AT, T RN At 2 H bt 5 A [R] .
N T RS HERRMERE, ATS% TN EAR: FARAI
FDR.

SEREORERTMES . KR, EXHAER
By, AOTIECHESE S TR TR . AL
A 45 RAEF3ER, ECSTHH, LC-KSVD (S+T) [
FDR #if T-LC-KSVD (T) [fJFDR, {H;&LC-KSVD (S+
T) MIFAR MR KT LC-KSVD (T) fIFAR. X—45R5
WAV &, BRI 4y Al A, B4 ]
REEA DN ZRE RS REELRE, SEGERE RN
GERT

4.2.3. BRI B sz g
AT DA 2 A, R B B0 S E R

P 7% B4 label consistent K-singular value decompo-

R3  RWLRG S PR AE

Pais, WTUABEAT RSO .

PRk, fEASH, i 5t

Serial number  Feature Serial number  Feature Serial number  Feature

001 Active power 006 First phase current 007 Second phase current
008 Third phase current 012 Motor speed 026 Rotor speed

035 First phase voltage 036 Second phase voltage 038 Third phase voltage
038 Average wind speed 061 Gear shaft temperature 065 Gear box temperature
068 Engine room temperature 069 External ambient temperature 098 The stator temperature

|4 LT RWLRGHR VA4

Model

Domain
Mode 1

Mode 2

Abnormal data

. Normal data in January 2011 in
Source domain . )
wind turbine 20

) Normal data in July and August 2011
Target domain
in wind turbine 20

Normal data in January 2011 in
wind turbine 70
Normal data in July and August 2011

in wind turbine 70

No

Abnormal data in July and August 2011

in wind turbine 70
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CSTH Wind turbine system
Method

Mode 1 accuracy Mode 2 accuracy Mode 1 accuracy Mode 2 accuracy
LC-KSVD(S+T) 96 98 92 74
LC-KSVD(T) 0 64 76 84
FDDL(S+T) 0 100 18 88
FDDL(T) 0 100 48 42
RTDL 98 100 94 88

THE M BRSO A Rk . % E i I 2480k
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