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HEALTH STATUS ASSESSMENT OF PV ARRAY BASED
ON GREY RELATIONAL ANALYSIS AND FCM

ABSTRACT

With the introduction of the "dual-carbon" policy and the promotion
of new power systems, the application of new energy generation
technologies is becoming more and more widespread. China is rich in solar
energy resources, so photovoltaic (PV) power generation accounts for an
increasing proportion of the many new energy generation technologies;
moreover, PV power generation has the advantages of low environmental
pollution, short construction period, and low marginal power generation
cost. However, PV power generation systems are generally constructed
outdoors, so the performance of PV arrays is greatly affected by external
environmental conditions, such as the solar irradiance and the operating
temperature of the modules; in addition, the performance of PV arrays is
also affected by factors such as the abnormal condition of system
components, such as the aging of EVA, and the failure of the adhesive
between the toughened glass and the batteries. Therefore, the health status
assessment of PV array is of great significance for the safe operation and

efficiency improvement of PV power generation systems.
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Firstly, the working principle of PV power generation system and
various types of PV power generation system are analysed, and then a 3x3
PV array simulation model is established using MATLAB/SIMULINK. By
simulating the PV array under normal and faulty states, the simulated [-V
characteristic curve and P-V characteristic curve of the PV array under
different states as well as the data of voltage and power at the maximum
power point are obtained. Then the grey relational analysis is carried out
on the simulated [-V characteristic curves under different states and the I-
V characteristic curves under normal operation state to obtain the grey
relation degree between the two; the grey relation degree obtained is
matched with the health level using the triangular affiliation function, and
the health index of the PV array is calculated from the fuzzy affiliation
degree, which can be divided into four kinds of PV arrays, namely, healthy,
sub-healthy, abnormal, and faulty.

Secondly, for the PV arrays under the sub-healthy or abnormal class,
the fuzzy C-mean clustering algorithm is used to cluster and analyse the
corresponding characteristic parameters of the PV arrays. In order to
eliminate the influence of the parameter changes of PV arrays in different
states on the output characteristic parameters, so that the fuzzy C-mean
clustering algorithm can correctly diagnose the type of faults of PV arrays
under the sub-healthy or abnormal class, the characteristic parameters are

normalised, and then the processed data are clustered to obtain the

IV
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clustering center; and then the clustering center is used to diagnose the
specific PV arrays using the test data substituting into the Gaussian
subordinate degree function.

Then, the probabilistic neural network is used to train the maximum
power point feature data of PV arrays in different operating states, to
establish a PV array fault diagnosis model, and to compare and verify the
PV array diagnosis results obtained from the combination of grey relational
analysis and FCM.

Finally, the results from the combination of grey relational analysis
and FCM are used as the basis for PV array health assessment. The grey
relational analysis only needs to analyse the [-V characteristic curve of the
PV array, and the calculation volume of the algorithm is small. Although
the FCM algorithm is relatively complex, it only diagnose the faults of PV
arrays with sub-healthy or abnormal levels, which greatly reduces the
amount of data required for clustering, and at the same time, it can
accurately diagnose the fault types of PV arrays. Therefore, the fusion of
grey relational analysis and FCM algorithm has high applicability and
achieves accurate assessment of PV array health status while reducing the
workload of PV array health status assessment.

Wang Chuan Zhi(Electrical Engineering)

Supervised by Wang Shi Nong
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KEY WORDS: photovoltaic array, [-V characteristic curve, grey
relational analysis, fuzzy C-mean clustering, probabilistic neural network,
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Fig2-1 Schematic diagram of PV power generation
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Fig2-2 Oft-grid PV power generation system
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Fig2-5 Mathematical modelling of single diodes for PV array
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Table2-1 Electrical parameters of the PV module ASMS-165P under standard conditions
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Fig2-8 I-V characteristic curves of PV arrays under standard operating conditions
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Fig2-9 P-V characteristic curves of PV arrays under standard operating conditions
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Fig2-10 Maximum power point data for standard operation of PV arrays
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Fig2-11 Local shadow simulation model of PV array

Block Parameters: Solar Radiation
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Fig2-12 Input data of PV array local shadow simulation
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Fig2-13 1I-V characteristic curve of PV array under local shadowing condition
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Fig2-13 P-V characteristic curve of PV array under local shadowing condition

Q)ZZMIRTS

TARFES — e AR HI IR S5 A i, RAIAE 25 2] 30 SE A f7 . T OBARRES
WAL AN, FEGAREEZHIIRIAE T, SGARBE S v 25 4L ) da B AR
A SR BE I EILR, S ER E N AN, A
BEIEAN: FRF . #h 55 SRR PR B G AR AL AT Rhis B ot AR
HZA  SGAREE S e A AAEAT O AORRE 51 oyt D2 PRAR, HLIA B BB AL

KIPAYES 238 OGRS R B AR AT iy B A, 7™ A 2 2 i AL A Py i el
PP 8] PR REL %

22



i N 4 e R VAT

FEARBES 2 ARES — R I R BCHPE Ry (B K. ATTE I 7ES IR
SR RIS 4 QEBEEOB R RS AL, %07 FAEAL NP 2-15 R, HAA
RN E 2-16 B, 07 BAR O RAE 2 31 H R FE N 1000 W/m?, T
TEIRE N 25 °C.

2-15 JARFEZIZ AL AT HAR A
Fig2-15 PV array aging simulation model

Block Parameters: Series RLC Branch2

Series RLC Branch (maszk) (link)

Implementz a seriez branch of ELC elements.

Usze the "Branch type’ parameter to add or remove elements
from the branch.
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Fig2-16 PV array aging simulation input data
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Fig2-17 1-V characteristic curve of PV array under aging condition
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Fig2-18 P-V characteristic curve of PV array under aging condition
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Fig2-19 Simulation model of short circuit fault of PV array
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Fig2-20 1-V characteristic curve of PV array under short-circuit fault condition
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Fig2-21 P-V characteristic curve of PV array under short-circuit fault condition
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Fig2-22 Simulation model of open-circuit faults in PV arrays
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Fig2-23 1-V characteristic curve of PV array under open-circuit fault condition
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Fig2-24 P-V characteristic curve of PV array under open-circuit fault condition
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Fig3-1 Flow chart of health classification based on grey relational analysis
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Fig3-2 I-V characteristic curves of PV arrays under different local shadowing states
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Table3-1 The results of the health classification of the PV array in the local shadow state
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Fig3-3 I-V characteristic curves of PV arrays under different aging states
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Table3-2 The results of the health classification of the PV array in the aging state

TAERA  GRD ui 1 s Us fRREARE RN
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Fig3-4 I-V characteristic curves of PV arrays under different short-circuit states

35



i N 4 e R VAT

SRR GARBEF B FF BEARZS , 4 AR K51 1) — A2 e 50 A4 A AT T it
SKASAUTF B b, FOGARAARZ 20 H IR GRS TAEIR )4 1000 W/m? 5
25 °C.fdi i MATLAB/SIMULINK #4 & T EIRZS  BI07 AL 4] 2-22 o,
BN PIPEARBEF T 2% 1-V Rtk 2 an & 3-5 s

FLIR/A

2| |- — —HLE T KA
-------- 4L T B 3

I I 1 I
0 20 40 60 80 100 120
BEN

3-5 RRIFFEARA T IARFES] 1V B2k
Fig3-13 I-V characteristic curves of PV arrays in different open-circuit states
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Table3-3 Short-circuit and open-circuit state PV array health classification results
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Table4-1 Description of the working status of the PV array
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N T WERIARFEIEA FIBAT 264 T IR IE S B 2, AT T AT XD IREE

FI C FPEIT S, TSRS 1A 20 TARIRES TG IRFES BRIk 2 Bkl
PEREA, LT TRRAE S HOY A IRFEA SR 4R X K dda sk X nsl(4-9) .
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X = Uli\lORM Ili\lORM FF' (4-9)

n n n
_U NORM I NORM FF

XA X NERPIFHESEEIEE; n AN CREEFIFEAR S .
4.3 SEREERESHESHAIE

FCM Sk iA% O B ARAE T @ AW KB ACTE 5, 2 e A Bdls i) S R 36
o MRIE A (4-2)7H1, FCM PARK P 2 R A A A e P b i 5% R AR BT A
IR SR B AR L, EIXMITVEAE AL B SRR I FAE A e S, =
BRI TRIFR IO T, FEOX LA 5 (0 3 8 TR e S B 5 AR
BRI RIR K ZR o AEICIRFES ot AORAIE S B v, i H s 5 5 i A
TCAFIRLEE M52, AR FES a1 R R 2 By W 2 e, HL 5 B A
TR PRI 2 AR Y R SHRAT — RE ISR, AT B A 1 BRIACR 5 TSR HE
FEo L, ARGERRORE C BIMEREAA AL — S e — AR AL B R B BRI i
FAOR, BRI s SRl REF N R fe /IMELIT CVA RS =2 R PR T Ak Bk
EAREE, SRZ W& B DL SN 5 b 00t 3% 2 i iU HEAT O o

W0 B AR B CREE SR IE S BAEA R APIRES T 2 T AFKEE A, A%
32 FH e 0 SR e L R BRI IR 5 o S5 SR 2 PR BRI B 5 TP K — A B BT
b AT DL A S AR 1) J5 — AT AR Hi a0 6 AR B 2 AN [RIR S TR BBt T2 R i 5%
RIRHIRJBRESL . mrsR e L ek Bt 2k 0 B 4-4 B
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Fig4-4 Gaussian membership function curve
TSR R R AU

(x-n)?

p(x)=e 27 x100% (4-10)
A )R E e x KISRIEIE; o N A SME, R E A
BN E; o NbRHEZE, R E.
MR = B e B R o BT R an A SRS
Phnax ~ Hrvin

o = o (4-11)

KA ptmax T pamin 9 VCARBE FVRFE S HUR 5 KA A R/ ME
JCARKE S B2 W i A2 dn 1 4-5 Jhos
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B 2O IR SR BRI, T EEN AT B AR AR B AT A — AU 3, AT A5 2R
AREAREE s TR CARBE D EAT SO 3 A i 8 SR 284 C, R Bl R ACES 4 R Rl
by 2R C AN

Q)F FHR C M8 SRR BE R R AR 4R HEAT B RAT B R A Kl ) SR 2%,
BETMTAS BIEEAS RRFR AR R Pl s

Q)i =R R RS, AP IRQ)SRAFHI R0 5 7 E R 2
PEBEAT OCARBE D SRz W, B8 H I U 5 %A SRR A B L 2 1) B SR
JERN

(4) IBCFE) T EAS 22 B s B SRR B, IR B 5 & Al
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4.4 FCM BRLER N4

4.4.1 FOM B{FAE ST

HH 4.2 5] DU HH A R AR e i) FCM X S AR B 71 5 R T 26 n B8 AT 5828,
FEAR BB 1) & FOIRES 2 MAZTE AR E B ISR, M DX 7 SR BE B i f— FeR A
1717 HL 75 208 G AR BB i — PoIR ZAS OB AT B (R FE G, 10 J5 HEATUHBE, AEAE A IX
TR, AR 9 KR IN (F) R B a0 HU SRR R . ASCEE 3 &R H 1-v
2 R 2K € SRR 7 ARl 2 G ARG B A B AE 4, JE I o) {g RS R A T, % T
AT A R B8 S A2 RO G AR R 21) EL LA A [ fide R 4 R Ak R i 25 AR AT I
FEXIAH L G AR B HEAT e K D3 i B 52 R, o0 k4T FCM 2828 R AR
ORI TRZE 1-V M2 07 B A AN 2 40l , RIS T &=/ FCM
FOEAIXS R, (RN v &7 K ORI TS, FCM BT i 3 &
SN IRZ , T e RS M2 B e IR B 51 ) i e 7

HH56 3 TR RN AL 2 SRR IR 2 RS T g RE S el o A e, HL{g Rt
HUUMZE 0.008, & FEARFDGREEZPIRAS HITEHL N 75 2k — B2 W OGRS 1
W& N T LW HOBREES 280, FH K] 2-5 s B0 BB AR, T AR T4
A H BB B2 5 AR B2 R OGRS, Hodh HBESR L 50 W/m? AN 800-
1000 W/m* 224k,  TARIRE DL 1°C K 25-40 °CAEAL, .

WAL T MU AR FEE 2T 1 — G ARBE SR MO ARFE A, 120G AR B 51 B btk
B TFERREAREANRESE . FIH FCM S5k Wl aloe iR M 21 1 b 28 7
AR ESRIUE S, R 2 2l 2 IRESMR KT R S3HE, FHLL Unorms
Inorm M1 FFAENRHESEO Bk 3 MRS #E4T 3R K. BRI K 4-6 PR
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Fig4-6 FCM clustering results

BT big 3 MUIRES, B REEH C=3, PR m=2, SIS

L=1000, fF1EIERBI{E e=10°. FCM RRFEMMALIE N Bk 3 Mok 105
HAE, FIFH FCM RBEFILIRE R

R, FEREEP O RIME 42 Fios.
R 42 ANEPIRESSARFES I Lty

Table4-2 Clustering centers of PV arrays in different states

fREEH  TARRE RBEHL
(i85 1IEH  (0.7680, 0.8494, 0.6524)

WAEEE  JREBER  (0.7728, 0.6424, 0.4963)

VA Zih  (0.7674, 0.7422, 0.5695)

4.4.2 BEFRREDE

Rk 5 RANFERESOCIRFEFI R R 0 5 e B S e L SRR 2 &, T 5L
P 5% RRPOIIRIEE, T2 W HDOCIREES RS R . 2 E-1D) ks

HEZE o TPV, T 3 IO ASERE S BT HE 22 g CVvom =0.0124, Thowi=0.0515

F1Orr =0.0456  H A5 215 755 s B ol K i = (4-12) BT
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(U Norm AU Rorm )2

,u(U li\lORM ) —e 2x0.0124? %x100%

7(';\IORM *%”SORM )2
()= 2 oo
(4-12)

(FFi—,uFFQ)Z

u(FF')=e 2005 x100%

=3 (Ui e )

A A Unorms Inorm F1 FFNER @ ARSI 3 — B R D3 fUHLE, 5
— B R T Z S HIRAIE A 5 Uf%orms  Pnorm M wFFQ 9 FCM 5545 211
RRFOAE, o TR %558 FE IR 4ME
K MG AR B F1 (1 B K T S HARN R (4-6)-(4-8) TR B — AL IR IES:
H Unorm=0.7572 Inorm=0.7795 FF=0.5867 FK 1L IR AE AR 2 (4-12)
1335 BREREPOHRIRE, Wk 43 Prog.
% 4-3 MRBAR 5 & R 0 2 A 58

Table4-3 Affiliation between the test data and the clusters

TAERZS 1(U'Norm) U(I'Norm) W(FFY) AT
1B 46.71% 39.81% 35.42% 40.65%
Jri i B 5 26.88% 2.89% 14.01% 14.59%
ZH 9.53% 76.93% 93.13% 73.20%

H13& 4-3 0] LUR AR Bl 20 11 505 15 20 00 5 3R AR 2 ARSI 2 ik
18, PO GRS B T2 AT AL T A HEAE 20 T o FrBClO6IREE A1 112
Wrek RS R —2, IEB T FCM Ref% 2 th e R IR 51 i i 2

FHE 2-5 Fros i BORRLAE H R G BT AR IR 26 AF AN RIS 0 T Xk
IREEZIIES « RS . ZHIRES AT, AL RO IAREA, FExt AT
W XA B IS B A e, 13 2RSS R ANE 4-4 Fros.
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R 4-43 M TARIRE 245 R

Table4-4 Diagnostic results of 3 operating states

TAERAS MR A IERIZ I LWk
1% 10 9 90%
JRER B 5 20 19 95%
ZH 20 18 90%

M3 4-4 v LUEH, BT 50 DA RINRE, 47 4 DA IR 2 W
ZERANMER, HERRIB R T 92% 31X —Z5 R UL, £E D SRIUCR S 0 (1 2 A
e TSR 2 BRI R RE S A S R A HEAT AE R A A BERAS VRS, A AR B AR5
BRI IS, X AT eSS T AT A O AR A B R e RIS, S AN TR S 2R It e
FERR O R AT RO EGE . AEEAT KRBTSR o, XA VERS N 1
AR RENE . BN, BT IGREES P IR TARIRES . R RS E RS
VMR BUE A EBA A, S MEERIEA S W, BB 1oy Ik
RIPLE

4.5 KRB

AT EES A TN C BMEITIZ W HOBIREES R sRE SRR . B C 1E
SAEAFAE BRI ME AR, AR TR Bt 58 v sl LUK 21 R IR SRR, = 4R
Pa AL BN ME S 1. DRI, SHRFIEECEREAT 0 AR AREE, T RR 1 R Rl
1 68 o B AT 2L AP P AR 2 e s iy SR LI AR 2R AR A s JFAE AR E S Bk 3 B kil 7
S OR B 471 i RS 2 (O B At b, X U f R B S S5 20 T R AR AIEAT TR, Ik
AT IRHES AR FORE BN, SIS R, Dy K TR
FFAE, b TR EORREE, IF HA2 W O IRFESI I SR8 R, RN B45 2
SR IETER .
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%58 ETHEREMENALRETIEN

ARSI HE T IR AR 73 T 5 FCM ARG ARBE 7 BROR AV PR e, F1
FIER 2 8 O A FEPRZE N BOGIRFEZI 07 AR, BEvhEE TR ph e X 2% 16 AR
BBt i 12 W S

5.1 HRMEMLERIE

A 22 0 28 ) 254 T B 5 B, S8 Sakcsett, A Eebbse 17k se iR
2otk >, AR RUUEA T IZ N . /£ MATLAB ', newpnn bR REWS {4
PR P 22T, PNN & T RIS M4, I T m k8, BT UUH-Hr
TREE AR RN 22 85 52 R B A T H P K ERS . T2 TR0 4 S, i 2 I 25
SKIARLANE PR Hbr. PNN Rl 1 DU e 0 ok SREERAR T R B A TH AR
[ SR o L€ 2 AF N, H SRR 5 DU de L R ST AR A« R A 22 I
25 R B4

(DE5 R i, IR PR, 548 UIZRIN (] o R 22 J 28 AN 75 0 S5 1 1 52
M SH, FIRGFRIZALRE ST, XD AR LA 1] R 5 2L

QLB R BRI R A R 8, T H RS R IR R [ 1, 3K
FEAN S LA 22 I 2% L UL 0 i /)M ) AL

(3)i& IV )2, AT AR S Bl DU AT i B4 ok 0 45 2549, T e EBr VIl 5
H R AS NSNS o

5.1.1 DIMENRIRIBIC RO 5 % iR 3

(1) DUt A7 e S 2 1
DU o SR B R A SR T — RIS A SRR RO DL, SR A
BOMER AL TR AT DUk SRR 2 S0 s(5- D s -

P(A)P(B|A)
P(B)

P(A|B)= (5-1)

X PABYNEIMEE, RIS B C&RAEREO T, TAT M4 A K
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ERER I EFOG: PA)AGIRMER, RERFEFM B RAEZH, ETHA
RN EM A REMENAGT PBIA)Y PBYATREMEREL 22— M RER T,
AT R, W R B R AERAE IEBA T FE A RAMRIMGT
Ao B T SRR IE
(2)E 0 5 FE R 4
1R 25 25 55 R N 0 37 88 1 BB AT AR 8 7 — R X3 9 IR R 3 A ). AT
BN R TU(5-2)MI(5-3) 25 1R BR KR o) BB T AR TE S AR 2 T R
j: f(x)dx=1 (5-2)

f,(X)20,—0< X< (5-3)

BENLAZ & X AR A EMEER AT DL MR % s B e AR o, ana(5-
4)5(5-5) A7

P(a<X <b)=|["f,(x)dx (5-4)

X

F()=P(X<x)=[" f,(p}g (5-5)

A Fio) X B RE R0 A0 R 5L,
5.1.2 BRERMEZMEIERILE

WAL WX 2R AR R ZERE A ] 5-1 Bl o R A 22 R 2 A TR 3 o el DO A 2 TR
o, WUGERINZ . &R RAZE. f bR,

5 SRR
Y e “

B )=

B 5-1 MR A2 2 AR Y

Fig5-1 Probabilistic neural network models
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B RNRMANE, AR, BRI R STHRICAS R R E, JF
R FL Ty — AN HE - SN JZ 1 32 A R b AR A Sl ZRFE A 2 Ta] 1) 22
5t REETE R PR BRI T e A I AR R P AR AL . XA ZE S R
7R TS 5 I ZRREAR 22 8] BRARACAE o TR HS B3 8 72 Rl 23 Wl 18 AT X 2% 11
T—F, WREE.

BURARER, MK REZe A A, BE W
IR Z 5 RS EMER. RS RS RAE SIS SE XM,

Be 2 2 08 it eR B g(Z) B X AR G0 S RIS iR B g(Z)) BRI (5-6)FTn -

9(z)= exp{(z‘sz_l)} (5-6)

L ZONEE i METTHIEIN, s N8 %
BT ERME o E RS R X SEUE R E W irER, FrEi
KR a=(5-7)FR:
Z =X xW (5-7)
X Z AT AR RIS T, 2 XA W RS A O S K R, oA R R
o (5-8)

f(x,wi)exp{—u—wif(x—vvi)} 55

567

b W Z RIS R IBUE, o/ Tl IR, AR AR 1] AN I i/
of THUE, — oy 0.1,

S DL PR R L R 3 Ao e ] 2% m ke R SE PR P S ST RS 22 R 45 1) 7
RS WARTI B 7 H BUE D 2 3 BUS R 22 2 B 25 AR 1
R IS K2 3 BB A 22 I 2 SN, A B T VE R e B8, (E B 7T BRI
WZRR IERATE

F=RRAR, AR R IR, oS F-— IR 1 oo
o MRS, B RRAR 58 RS R ST A L
X 5O BT RIS B G, I HBERR BIRANJON R, SRANZ 1 5 0L
-3 PR HE T RIS T S R &, BB =2 0TI B A —EREE
e e, RIS RS H IR, PUETRA RS

53



i N 4 e R VAT

FVZ MR, 125 LT A SRR 5 5 pR Bofili 1 e
BAT e m bR M el v &t o BrBL, YOMIINRFEAS A7 Al e R T 1A B
EMER IR R, A 1 T HARCRA RS e 4 oo
4t 0.

KDY= Pt Ok TR A 22 N 45 RE S MO A AT REFR S0 Rk %t — AN e n]
BEMISBIE NAEA I 0 SR E5 R o (R, SRR A 22 0 24 8 v RO U3 Y6 AR B
HIFRAFAE SR, JF X B Rh R AT RS K X 0 AT 2K

5.2 BETHRMEMEHLRETIEIEIZERE
5.2.1 ETMEWHEMBNRIETIIEILWITRIZ

MR A WY 28 W BRI W RE A 1] 5-2 P

R ZRpEAs

Y

W2 A Y

Y

YR P 2% - REEET o

# A

WA 28 1| 2 52 1

izl

IEf#%>0.9

EPNGRINEV N

Y

i 2 g

] 5-2 ME e 2 X 2% g o 12 W A 7Y

Fig5-2 Probabilistic neural network fault diagnosis model
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BRI IS G . R HER AL T 90%, W75 S A v (P IE R 1, DLER
IR HERR 2R, 21k 20 S I AERA

BRI A5V — A AL B 5 A IR A AN SR AR R AT 2
Wi, LASIERSR 2 WTRE 1, IS Bl IHRIZ W4 2R

5.2.2 ETHERME WA SRMET P2 1T

FT 18 2-5 BOGARFEZI7 AR 55 4 TR R 11 FOGREESPRA MY 1t
170 ORI K Th & s et F R 3(4-6)-(4-8) XS SR ERUHS (14 B30 K Th 56 s e dfe
BEAT A — AL, TR B R EEE H TSR 512 . RSCRECIRFES & FRAS
HIE 3L 550 4. HAIEFAREA 50 HidE, RIS ZHRES 150 HE
i, HrP R ROIRAS Y F2-F4 M & 50 4180, ZACIRESH F5-F7 B & 50
HHHE, DA E/SMURES PRSI 40 HE3E H T4, FR 10 AR T2
Wrs JEEg ST HCIRE S 100 A8, AR GRS 1) F8-F9 EFh#% 50 414,
TFECIRAS I F10-F11 &:702% 50 AR, BLEPURRIRGSEERCIRA SEH 40 445
TR, FA 10 HEEEH T2

AR newpnn bR I HER AL 2%, HA newpnn pR EE A% 2N A0(5-9) B

newpnn =(P,T,o) (5-9)
X P AREFNGHEARE, T REGFZHREARRAE, MR L%
T3 R 7
of MBI M 0 IEM B IETCT K. BEE of il T 0, MERPHE L1255k
BB T B A8 K4, FEAKE 5 15 7 FERE AR IR 5 i (M RE AR 34T W T
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B, RAHERIIGREARIZAN CEFEE N PNN A d . 58 st R (1)1 2R B
JG, EFFEWIFEARIE N CAEVIZRIF I PNN BIAL R, SIS AR B 51 e 1 1
2o P58 F1AREOBIRFESAE T IEHARES, P50 F2-F4 AREEIRFESIAL T
JIBARCARGS, 7508 F5-FT ARROGIRFESIAL T2 AR, #5508 F8-F9 ARt
IREEFNAETHIRES, 7509 F10-F11 ARERJCARFEFIAb T RES . MR fh 22
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Fig5-3 Probabilistic neural network training results
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Fig5-4 Probabilistic neural network diagnostic results
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B 5-3 FRN, YIGRER S A MEEURE S E S, LRI RES, &
WIRAS, HER S5 ECRAS I 11 B AR gl A Em . Bl 5-4 W],
PNN 512 W R 6] 3~ K80 7 i bl e SE A R9F iR, B5 A £ 28 T FL1-F7,
Hrr F1 MIEHIRES, F2-F4 NRESHRCIRGS, F5-F7 NZACIRES, 1%tT F8-F9
AR 5 F10-F11 I IFECRS GRS 100%12 W7 1IEH .

SHUREAR AT R A I 2 2 W7, 49 B RS R 2R 5-1 BT

32 5-1 WS ph iz I 2% V5 WTRS 1 2 AW

Table5-1 Probabilistic neural network diagnostic accuracy analysis

TARIRS M FEA LWz L WTHER
F1 10 8 80%
F2,F3,F4 30 25 83.33%
F5,F6,F7 30 26 86.67%
F8,F9, 20 20 100%
F10,F11 20 20 100%

I 5-1 A1, PNN 2 WA (8 A HHERE BE O 90%, % T IEHARES, R
FSCIRSTERES T HOGREES, 2WikEE 73 109 80%, 83.33%A1 86.67%,
X IR LIRS T B GARBED BEAT 12 Wr R 25 55 & B A o 3 22 JR RAE T3 =
REHDEREETIXT T 3%3 JRBES MR 5SS, 1 H e AT e RBE S 5%
M43 AL, SRR AE AN B S, AT S BOR A AR o SR AE J0 2% 5 % i pebR
AT, PNN B F2 Wi Rk 2 100%. 25 LArid, PNN GARBESZ Wi Al g
g 47 2512 W AR DG AR B 2 R R SR T . (B 5 AR ST R Kt R Bk i 5
FCM MEVEMLLEL, IERR LA SR E S, 1 HHEXFTE 11 AR
FIRPIRASBAT ISR, 500 7 3R BB 80 DLAGH R 2R 2 .

5.3 KB

AR EARYEEE 2 W ADCRBEZI7 FARERY, i85 07 HSRBOGRFE TN A PR T
WAL S B 5, 2 SRR AT I 28 AR S RS Wi A, I 45 8
XA FEPARES DGR SIBEAT 2 Wr . SRR, MR A2 I 281 ORI A7) sz 12 T o
Rt Jed i 55 T AR X Y AR FE S EAT 2 B BESE B 100%1E7f, T IEHARAS . R
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