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Evaluation method of metering device condition based on fuzzy matrix
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2. School of Electrical & Information Engineering. Changsha University of Science & Technology, Changsha 410114 ,China)

Abstract: In order to evaluate the operation status of electric energy metering devices (EEMD) more comprehensively
and accurately, a state evaluation method of the EEMD is proposed on the basis of Fuzzy Analytic Hierarchy Process.
The data of each state variable of the EEMD can be obtained by the Internet of Things, and are further used to con-
struct a fuzzy judgment matrix for solving the weight of each layer element. The final score of the target device is cal-
culated by the weighted summation of the weight and the index scores of each layer, and then the interval of the score
is used to determine whether each part of the EEMD is normally operating. Through qualitative and quantitative anal-
ysis, the proposed method can systematically and effectively reveal the relationship between the final evaluation target
and each level. Finally, the effectiveness and accuracy of the method are verified through realistic cases.
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B2 22 0O T T AR REE B Colectric sUAOBEK, 7ERLABTHILE TLE 17 A b L 7 ALK
energy metering device, EEMD) #9408 T 18 4 oINS K 7 N 2 1 W e - S S R

5 H #7 :2020-10-29; & [E] H #§ :2021-03-10
EETB :ERARB2EIS (51977014) ;W1 M A B SRR 2% 55 4 7 PRI & 5 42 (2018]J4025)
BEEE E 968, 5 48+, 2082 A B W, 2Rl ) A FH R S H R ST ; E-mail : 307351045@ qq. com



5537 B 2 W

B W, A5 R T RO I 0 T S R S IR O Tk 165

BT B NS AR T R T BOR R & 3%
AT HAF ARG 7 A 22 A R ), BT DL A0 e 38
TRl 2 VR S IR R R T A AE AT RS
I EE

FIAI . [ P 03 H BE T 4 2 B s AT RS W Y
I I A EAR Z - [ PN B 3 225 A X 7 T A T 5
i FURGE 2P By B, %o L BE T s AT RS AE L
i 77 1 F2 A RBAR BT EE T P SRR TR
B 2 A0 P A LT IR AT AR AR R DL S i BP
e 251 R G IS RN LR LAR 2 RN A

SCHRCTL A A A5 B R 4R R 8l i o 72 R
A FIHLAR Bk 23 B Pl BE T AR Es AT A0 L (5
e AR R SR A AR SR A 1 Bl =2 1] g BB
ISR IF HoRE R A T2 5 W R AR 2 B
2% IF A REAR b T BN BL AT 20 A 5 SR 12 ]
18 3 S O AR A X L B T o AT R ST A
LRI 5 1% A R - TR ) o A G L o T
CE Dy AN IR A A R A of A A i
5 2 PRAIE s SCHRL 13 2R = Uk o3 A 125 0] v BE 31 4 2
BB AT RS BT VAL, 8 i e S E R o M A A
B TR AT RS VAl L BB A 2 2 A 0 H AR S
FHRRZ I O ZR L 255 4 N 3R 2 1) 1 A G
RIBFMERIPA I H A, FR AR R A
FAUBT AR 4 1) — BOME 4G 36 B 2 4% SO A, I H SCHik
L1311 B0 45t — She A 3 72 [A) AR X T AL )
AL B AT 25 1 52 PR B TH T 3 L s 2 Bl i B R
et

DRI L A SCFRE R RSN J2= U 0 ik X R E I
R BB AT RS AT VAL R R R W BT IE TP Y
R [ 850, BE A% 28 8 A7 RUCH 43 A7 e 2 3FAif H AR A1 4%
JE U Z 8] 5 28l gk 52 651 o A 96 0k 32 07 vk 19 A5 3K
PR 1

1 BRI 2 R ik 1 A
R JZ YK 43 M7 15 (fuzzy analytic hierarchypro-

cess, FAHP) J& X J2 Ik 43 #1 7 (analytic hierarchy
process, AHP) i — 2B R A B R #1985 2 I 4

Wik S &  BEA 20 DR J2 TR 43 i vh B — )2 Ik 4R
brad Z it (4 A~ DL S GER B — S0 Y )

FAHP ) 54 0 3% .

1) 28 45 4 # 57 22 J22 U o 445 # A5 AR

2 g FEASTR — BOH W B 5

DA R R bR A 7 EL

A) 3 o IECSR R, AR UK 3o A5t X R 28 H bR Y
BRAEE

FAHP 5 AHP iy B P BRI A — 3, (U A 2
SRTA D AHP 438 J0 W5 B L 1 FAHP 44 3 RH
— BUHN T RE 5 @ HE B o SR 4% 0 2R oF B PR A
Y EARETY,
1.1 HEH— B B 6 BE B ST

SR FHASTR J2 Uk 43 BT 12 Bt 5 B2 4t 37 22 2 3o B 485
RS, RIVAf 2 2R G0 1) )2 U B LA R A J2 WX R 1Y
TCEA R, 225 LIS b — 23 b R Sk v
iy T SR ) T B R AR AN A S R C R A
P={P,, Py, P,} B 43K/®R P,, Py, P,
T TR 19 DT 2% T AR R LA I AR I A

|—7’11 T2 Tln—|
a1 a2 Ty
R = (D
Lron 7a2 7]

FEWE P iy ey O BB AR BE G HLMR B SC nER 1
N

R 1 BEMAFER L LA

Table 1 Fuzzy scale and its description

BEOWIBR L (r i) uim

0.1 PIDCR AL 5 25 LT & A i 22
0.2 MR A L, )5 & T AR 2
0.3 WITEF AR L, )5 & e ) e
0.4 PIDCRE AL J5 25 O T &5 1 o 22
0.5 WITC AR LE, P (A 4 T

0.6 W TE AR LE L T LE S R e 2
0.7 PITCER AL 7 & LU R & B 0
0.8 PITCRAMIL HH R EEEGS
0.9 W TE AR LE L T LU A s o 2




166 W B %

5

i VN 2 Eite 2022 4£ 3 A

PR SR - RN ) DRI o o 5 A 2 L 5 il A —
BV S5, L W AR A R A BRI AR B R = (r ),
WY, j ok =1,2,.nF
—ru+0.5
DU R AR 2E [ R S ARy — BOH T S I

A I AR B A2 =X (20 A5 R Wil AT A O
B AN DU 5 S A5 R I R S BORY — B
P, SCHRCL6 T B 7 — b e A50R I 7 6 1 — 3
M 7 % 1 SR AN T R — B W IR AR BE R AT
FIWT A HIE A H AP — B (35 r, >0.5, Yk,
Borarpstrriy =0.5,Vk, A ra =rpstr rij <<
0.5, Vk A1 ry<<r  IFR R BATFF —2tk) 45 B
W — b, WA M R R B AT R 4%, T LB
Fe o 2 FOR M A 5 5 A B A U — B0k, A5 25K
fiff A B R RS L R O 22 6 B O 0T RO#EAT R 3%
2 — Bk A 1F BUASR i 72 22 ek 16 ] .
1.2 BLEWNEHKRE

SCHERCL7 I 2 i 7 BB — BCHI W A6 BF R b
HREXR:

(2)

rij =T

n—1
2

X w, (w;)) HICE  GHX R AL EAE 0 N IERE
AT E s a S S T IR IR 52 1) 25 S 1) — o
5 PEAN X G AN HOM 22 5 R A G 38 H G U (e
IMED ARSI S o WIBGA R .

2R AR — B0 U B B a7 2K (2) L (3D
EEE

ri =alw;, —w;) +0.5 ,a = 3

1

1
w =y — ) bwk €K (4)
a 2

T B R R R T — b P D e, =1,

GEUR

1 1 1<
W :**7‘#727’% i € K

L_
n  2a na;;; )
n—1
[Cl > 2
4 (6)
1 <y — < 1
L n—1 = W =

2 3 A6 R R A RS — SO W R [
R 9 R 0T — P I 0 T e () AT A SR
fift » FRE S ISR A4S B E— R A IR Z5 2R

2 HT FAHP fH BT &2 B IR A
AR

HLRE TT O ke B Rl Rl RE SR L B R T
(PT) L i IR (CT) |, R [m] 6 0 7 42 K3 5 4>
AT AL AR L TR AT Al — A g S A
FOLRRIM R B SRS R O 2E A
SR £E 1R 80U AR OGT HiL RE T 2 1 A AN iR AT AR
AVPAR o PR, A SR FBSORA J2 0k 43 M7 12 00 L RE T
BB IB TR A5 T 2= 00 1 B0 HEAT 1T AL

380 V

1 ST FEE_RIR

Figure 1 Diagram of secondary circuit of

electric energy metering device
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Figure 2 Multi-level hierarchical structure model of

electric energy measurement device
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Table 3 Table 3The relationship between status score and

health status of electric energy metering device
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Figure 3 Flow chart of state evaluation of electric

energy metering device based on FAHP

3 SEB ST

T B UEA SCHR D5 vk 0 AT RS M
B R i B 3 Ak R g0 b 3 SR AUT H S Al
VER AT PR A =R i 3 8 &
15 min RAE— B, — KILRE 96 K, i RE
TEH B I TEL B A 2019 4E 10 H 2 H 00:00—23:59,
FLRE T i 2 B 1 25 RS AR S EE an 3k 4 IR
H1 2 (7) L () TR AR SR A T IE 40 I 3R 5 B s AR
i 2 A>F b nEE W] LATHEE A5 28 S I DL IR S T
Vi

PAHL R SR I B 0, 2628 4 b, 5 AR IR L R S+
B BUR O AR S AN B IR Qo) B E



837 BH 2 M

B W, A5 R T RO I 0 T S R S IR O Tk

169

Jr R A A A LB R

R, =
[ 0.5000 0.5745 0.5192 0.7941
0.4255 0.5000 0.4444 0.7407
0.480 8 0.5556 0.5000 0.781 3
0.2059 0.2593 0.2188 0.5000
[0.250 0 0.3103 0.2647 0.5625

R4 BEFFHAER

0.750 07
0.689 7

0.735 3
0.437 5
0.500 0 |

H1 3K (5) SRAR AR 0 0 6 B4 Ry 19 45 RS i AR
N w;=0.263 8.w,=0.230 0,w;=0.255 3w, =
0.112 1.w; =0.138 8, MRIFX 1D A RS & PF
3 FIALHEE B SR A4 WL TR 5 0 1% 00 IR S0 4y X
0.243 4, FIIRIFE Y J7 2 3+ 58 F At 5 3 1% 00 B IR 25
PEAr, W3R 6 Fir /R 0 TR 5 AR A 1 % A DG 1
G OL CHL U S 3 R ) iR ME ) 1,

EEFF

[ B & 2 8 R #K

Table 4 The number of simultaneous occurrences of various abnormal conditions and state quantity abnormalities

RS LIRS S
N BIE R R MR S% UN L WIE R R M BW
SWORW  OR¥ OR%W  EFH4 SWOBW OR¥ SW  H
HUR SRR 27 0 0 0 0 ||AER G LA IR »
0 0 0
SRR TR 20 0 0 0 0 Z A A R
A K P 28708 il B 0 0 0 0 0 HLRE R A HL T LA . . . .
BHBEREME o o o0 0 0 AT RAFER
—y {f H S 3. i ok
CHMEREMIE 2 o0 0 0 0 HARAYERR 0 0 o0 0
A < 92
HLI K 0 0 0 0 0 A HIEIN 10 H 3 0 0 0 0 0
AR 2=
R R A Y A R R 0 0 0 0 0
— BAEMGELH e
A FH HE g 58 7Rk PR 0 0 0 0 0 W
V2 A% AR &
B AH HL AL 58 A5 il fR 0 0 0 0 0 R
C A H 37 28 75 il R 0 0 0 0 0 AR R 2 9 0 0 9 0
1E 187 Ty e, i i R 0 0 27 0 0 2t A 2 38 PR 0 0 0 0 0
S 1) T M) Ly % ik PR 0 0 23 0 0 F, fiie ¢ I b i 22 A8 B 0 0 0 0 0
Ly R BR 0 0 14 0 0 BN U RN =R/ 0 0 0 0 0
AS[a] [ fi% JR A7 Ty 3R H E /e T 0 0 0 0 0
0 0 0 0 0
P& {H R Kty / B 0 0 0 0 0
RS MARZIZALKRZTS Fx6 BEFFHARSHES
Table 5 Related status variables and the Table 6 Scoring of various abnormal conditions
corresponding status scores
UL LIS S ) UL S S )
AR ZS wibefE  BE A RS : —
W R 42 0 0 0. 286 R S 0.243 4 AL 57 0.2295
SHEEARPAEERR 002 0.1 0.08 0.250 HL LS 1.000 0 SIS i 1.000 0
C A1 FLE 2 725 i PR 42 80 50 0.211 R FH 0.370 6
EMAY AR EER 8000 12000 10144.8  0.464
REEHmHME  —51.6 0 —96.4 0,000 XN R RS X % Z, #E AS TR B AL e ok &
EAE : .71 .85 .77 0.75 N S N 5 g Wil M
AU TR O-TL 0B 07T 0750 5 0 P2 L) e O ) — S50 7 6
AE R A ) ) e 800 1200 1056.3  0.359 — S
P (K S R : oY mE 7R EEXMNNPONE), &5, HX QD
BRI AT 3 T 0,000 SR PEAS GRS I3 402 8 T/
A R S QR EO e . ”
C HABER L 5 L . s 260 o108 Zm\%%g ﬁM%g EF'EJ‘LJ\%thaEEHB%\EEE;EL
AL 22 JRAS A R Il AL T RS A L R B E AR




170 H, Vi # 2 5 i VN 2 Eite 2022 4£ 3 A

FURY C A b v TR R T DR B 22 0 BT, i OB R R BESR TR RS R [ R L B S, SRR
JE SRR BER T R R C M AR R R BAEDRAETRAN R 45 R A AT R HARZSIE A S AR
22 J W TR K B OE R, [ IR T M P B AT R AR R AR R A A By MO R ER g, R LA A ST
BN MHEL SR TR T ORI 220 . & s HEA

FRT RAEAXZEEAL B GHEM— RIS

Table 7 Priority relation matrix and the corresponding fuzzy consensus matrix
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