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Relative PCA with Applications of Data Compression and Fault Diagnosis

WEN Cheng-Lin" 2 HU Jing? WANGC Tian-Zhen® CHEN Zhi-Guo?

Abstract
system, the selected principal components (PCs) often fail to be representative. For this problem, an improved algorithm,

In traditional principal component analysis (PCA), because of the neglect of the influence of dimensions on the

called relative principal component analysis (RPCA), is proposed by introducing some new concepts, such as relative
transform (RT), relative principal components (RPCs), “rotundity” scatter and so on. Firstly, the algorithm standardizes
every variable’s dimension in this system. Secondly, according to priori information, it analyzes and determines the different
important levels of different variables. And then it allocates weights for each variable under the criterion of conservation
of system energy. Finally, the algorithm utilizes the relative-principal-component model established to analyze system.
Meanwhile, its functions are illustrated by some numerical examples such as data compression and system fault diagnosis.
Both theoretic analysis and computer simulation have shown that these selected RPCs are representative and their
significance of geometry is notable. So we can say that the new method may have extensive applications, together with
the flexibility of PCs selection.

Key words Data compression, fault diagnosis, relative principal component analysis (RPCA), relative transform (RT),

dimensionless standardization, “rotundity” scatter
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Table 1 Simulation environment and parameter setting

BEAIEFERA REARAIKIE (N)  AWA (n)  FHELTE ¢
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255 - - 5
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270 280 290 300 =5
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(a) JRAGHAE
(a) Original data

(b) R (05

(b) Dimensionless data

0 5 -5 0 5
X} X}
(c) M = Ao W[ PCs

(c) PCs for Ay = Az

15 -10 -5 0 5 10 13
X
(d) AHX A
(d) Relative data

(e) p1: 2 =2:5 B RPCs
(e) RPCs for p1 : po =2:5

(f) g1 : p2 =5: 2 B RPCs
(f) RPCs for pu1 : o =5:2

1 & PCA. HAbrUEl PCA Je RPCA Jr ik oy Ai
Fig.1 The distributions of data based on PCA, dimensionless PCA, and RPCA

*2 PiEgiR

Table 2 Simulation results
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A 2477 CPVi(%)  95.24 A 109 CPVH(%) 5435 AR 2504 CPVR(%) 86.33
X 124 CPV(%) 476 A5 091 CPVy(%)  45.65 AR 397 CPVR(%) 13.67
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32 T e oriR e AH R, W3 2 Fros. IXAEkh

EXR:E{ T wiwez (22)T ]} _

w2w1$2(m1)T (w2)2$2($2)T

. { ()N ppl{zi (23)") ”
MzulE{a’;(xT)T} (12)>N

PreiAT

AT = Sxn] = ()2 = [(11)*N + (p2)
(11)?(12)2N? = (p2)* (p2) "E* {27 (23) "}

METTEN, ZFFETT RS o MO IEOE, B
%:U'l::UQ:kl:kQ EJZ/M:,UQ = ko : ky BTPT152
(IR 5 A AH 7).

5 RPCA FEHEHEES P RINA

RPCA J5 ikl AT B REE MR AE | Gl h A2
BRI P LUK R G AR R AR P 51 R ) e 1R AT
A R B A AR AE SR IR AR i o o L7 B S
2R 23 M A AL L = A = MR B T, BB
AT (B ON R 48 u AL R S R S, I RIE
L4 PCA AL, RPCA Jy V75t F 4 v it A
R, 7 BB BB WK 3,

®3 IEAE

Table 3 Simulation environment

(w1)?z:(21)

NIAR+

FEARER R (n) FEARTIKE (N) ki ke ks ks
oM s 4 100 05 2 3 10

MR 4 ATLUE Y, 4 NEE 100 RSEHLET
4 RS TR i s o BB B 7 2 R TR R A A A 2 AR AH 45 1,
Mg PCA Jridiat B 88— 1 oM ok 7 43 e AR
4 33.54 %. PRIk, X LT EE L 3 AN T TuRAE IR
KHy 4 MR, b TR 300 B AR,
PEPEEE IR T gt o s 2 g = 0.5 : 21 3 2 10,
HRH RPCA B 5 0 R I 500 B 34T 40, AH
XA AR 8 i B 7 2 O ) AR AR A A Y 1 2 e
T, HMR A OPVE 5TEk 54 ol 88.37 %.

Rk, fE45 & Z KNI, SCH A A
oAt AT DA B ARORE S5 4 A B v K KR 2 AR AL
2 AL PCA Jik i Esci A, B3 0

# 4 1% PCA 5 RPCA JiiIS 4K
Table 4 Parametric comparison for conventional
PCA and RPCA

14 PCA RPCA
A1 948 CPVi(%) 33.54 AR 100.08 CPVE(%) 88.37
Xo 7.83 CPVa(%) 27.70 A& 9.29 CPVE(%) 8.20
)
)

As 6.91 CPVs(%) 24.45 A} 3.65 CPVR%) 3.22

)
X 4.04 CPVi(%) 404 AR 023 CPVR(%) 021

*
* First RPC
-3r N v Second RPC
. Third RPC
4 ) ) ) ) ) ) . Lo Fourth RPC

0 10 20 30 40 50 60 70 80 90 100

Sample number

PCA
K2 Fsusil
Fig.2 The distribution plot of PCs
30 T r T
* First RPC N
25t X v Second RPC

« Third RPC

* | o Fourth RPC

Score

Sample number
RPCA

3 X EITAE
Fig.3 The distribution plot of RPCs
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Koo H, B HERI G, A L0 K
A HE ) ELLE T TT M I 4 e J7 9.

Litegs PCA ML, b 7 RPCA J5ikiE
#y77, BATE SR kT MR IPERESRAR,
G RIS HE R ¢, B

AR BRI A A AR e 2 I, R AIE &5 Rt sl AR
PR S, DRI SN 7 (3 7 32 G R4, [ IR K
KA T 4%

2) 5B EAE R, FoE R RS
bG DY 1 B ) 0. BIAE R (15) Hh, 2
WHES A = {k k- kolk; € RYY, R4
ky > ky > oo >k, Mk € Ajio= 1,2, m
HUL {k} =AW, #7AF:0 AR = k2
k2D X o = 0.5009, HYHERE TR/ A

N 2
SZ}:M%Nzc:Hsz [0.5,2,3,10] I, —FIuoilkE N 88.37%, ML
P 2 X2 TR/ (2,10, 0.5, 3] I, 85— L 70 SRR

XH AR A LT R me AT E R R
F7 R 25 R EE R e, R B ARG
RS, 3R 5 MRS T AEIE e AR IR 2 oo H N IX
P AE N T4 F A I ) B 45 2R

#5 154 PCA 5 RPCA HIEMAE ST L

Table 5 Comparison of restructuring abilities for
conventional PCA and RPCA

1 88.53%, HELE R 7 AR/NSAL A [3,0.5,2,10] Y,
F—EICTTIRE N 88.34%, i 4 L H K7 K/ i Ar
4 [10,2,3,0.5] I, 25— 3 ootk E A 88.56%

6 ET RPCA HIEFEHN 5 #%R

— LR, 5T RPCA [ R 5 90
T PR AN D ROk S0

1) SR8 E & A= b B v i o B B, R
RPCA @I t T2 M SPE #HIFR.

B oA B EM L EWRETR M ERER

14 PCA 12.8313 0.3335 2) 4%%)?3'7&1 E(J ﬂﬁiéﬁﬁé}t EEI RPCA *ﬁiﬂﬁj\%ﬂ
RPCA 0.0106 0.8837 B 5 BIAH AT 327012 AL FUAR X Bk 22 7 5 (0], s 4
4 PCA 0.4804 0.6089 T AT 18 07 2 38 ST AH N 1R 4 v I AT (B e A 56
RPCA 1.9403E-004  0.9657 EXA T REF, BTSN T ER T, 15 RPCA
5 14t PCA 0.2461 0.8520 B I e 2 MR RAE M e K05 S, Wi A
RPCA 3.6550E-006  0.9980 AHHER R G R, AR 7 B S R I IE

o nea 0.0793 09943 RpOA Gy MR SRR AR,
o soemm o A S ARG, SRS Ty R

DL | gE L. R3]

1) ANl PR v, N F 5 A R 5 38 Bt
TR e H B3 21 B

2) LU R 5 TN AR R T AR o6
RFERES. Kk, MHEME L OB E K ER S
i, RPCA J7 ik W T MRS B et i T2 401 PCA
Tk

® 6 TAEX A AT BN REREAT
FRAEFE U, AR EL R A5 RT i R A AR R 5 i,
MATAT LAE

1) T RPCA #iy ik RE 78 70 M % re
FIAS IR 43 5 AE 92 B B A ARG SRR, A, JR

A

lans

—0.191
0.847 ’

s |10 201
0.264 | 3.0 —4.0

z(k) € R* JR& &, y(k) € R* & &,
u(k) € R? A, & XH
u(k) = Gu(k — 1)+ Fw(k —1)

26 CEE T AN E AN F G TR S 0 S A R

Table 6 Parameter comparison of contribution rates for RPCs with uncertain proportion factors

[ T AR AR AR AR COPVR(%)  CPVR(%) CPVR(%)  CPVE%)
0.5 2 3 10 100.0804 9.2890 3.6490 0.2316 88.37 8.20 3.22 0.21
10 0.5 3 100.2651 8.9413 3.8139 0.2298 88.53 7.90 3.37 0.20
0.5 2 10 100.0465 9.0733 3.9088 0.2214 88.34 8.01 3.45 0.19
10 2 3 0.5 100.2897 9.2797 3.4349 0.2458 88.56 8.19 3.03 0.22
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Fig.4 Comparison of statistics for fault detection

HEHCFEIZATIN 1000 AN IEH LA AEA
T, AN [y (k),uT(k)]T, K HAHN
T M SPE fHIR, BRI RN 95% Hl 99%.
PR SRAE S AR R 200 ~ 500 AN X )0 |
KBRS, VR R e i AR s, 8 23 mR FH &2 20
bRt PCA J577%LL I RPCA B i AT 588, i
FLAE AR 7 K 4 thgah.
pa =0.5:2:1:10 KFr#EfL PCA LK
RPCA S HLLH
Table 7 Parameter comparison for standardization PCA

and RPCA with p1 : g2t ps : pa =0.5:2:1:10

T oprcpeps:

PREILZ S IS 5L RPCA 3%
A1 16417 CPVi(%) 41.04 AR 100.0144 CPVR(%) 95.03
Az 1.0135 CPVy(%) 25.34 AR 42113 CPVR(%) 4.00
As 0.7494 CPV3(%) 18.73 AR 0.8055 CPVR(%) 0.77
A 05955 CPVy(%) 14.89 AR 0.2188 CPVR(%) 0.21

M ESR 5 BLE5 R, w34
1) wNFRAEAL PCA J5 V275 U8 Dt U B 4
SER LA b, AT RELE N T R G IR,
AR ME S O A AR YE R E T, At AN 2 S K I
[

2) N T? gt T UR H, fEEAE RN 95 % 1
RIS B2, PR35 ek th R 48 Rk A S, (R
S HIASRERR W I 1 B INE[R). 32 T
T? J710:4% 5 F 0K J7 A B B R 07,

3) W EHCEE BN A iy 2 ot opz oy =
0.5:2:1:10, g4 RPCA By k475001, M
RPCA-SPE K (K 4 (b)) nT LA H, 200 ~ 500 I
ZIM G v 5 ) R PR S TR T Ok T
AR ER TR, B 4(c) BT wy:ops :ops
pg =10:2:0.5: 1 BT EEE R

Bgt—, nLLs i AT EN SPE 4
T R TR e ke i B AR R, LS 300 ANSRAE R
HBIEEAT AT, B 5 KT RPCA Jr ket it
TN HH 2 B8 AR RER AR T .
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