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Error assessment of protection measurement circuits based on RPCA-GELM data-driven method

LI Zhenxing, GONG Shiyu
(Hubei Provincial Collaborative Innovation Center for New Energy Microgrid,
China Three Gorges University, Yichang 443002, China)

Abstract: Protection measurement circuits are the cornerstone of power system relay protection, and their error
assessment is crucial for the stable and secure operation of the power grid. Aiming at the risk that the static hidden errors
in protection measurement circuits may lead to protection relay maloperation or failure and are difficult to monitor online,
this paper proposes a data-driven error assessment method based on recursive principal component analysis and extreme
learning machine optimized by grey wolf optimization (RPCA-GELM). First, using historical and real-time data of the
power system under normal operation, RPCA is applied to update the principal component feature model online, reducing
the assessment time. Then, four classical statistical algorithms are introduced to generate four types of error monitoring
feature quantities, and a comprehensive error evaluation method is constructed to optimize feature selection to improve
the accuracy of error assessment. Next, considering that the model assessment accuracy depends on the key parameters C
and o, an infinite folding chaotic mapping strategy is introduced to optimize the gray wolf algorithm, improving
parameter optimization accuracy and convergence speed. On this basis, combined with the ELM algorithm, an error
assessment method for protection measurement circuits is proposed using the GELM algorithm. Finally, multiple sets of
comparative experiments vilify that the proposed method can optimize the model performance and effectively improve the
accuracy and precision of error assessment in protection measurement circuits compared with other methods.
This work is supported by the National Natural Science Foundation of China (No. 52077120).
Key words: protection measurement circuit; error assessment; recursive principal component analysis; grey wolf optimization;

extreme learning machine

HEWMBE: BRaAHFAEAR F8H(52077120)



J+ RPCA-GELM H5 KAl ) OR 57 0 5 0] 6 48 22 VP Al - 25 -

0 38

4k i ORI R ORI L ) R L B E BT AR
—IERTL, ARG EERL b, ISR R IR
S TR AR o A O [ i 15 2 LA i A
PRI I8 0] % 2 5 I 5 5 I ORI AN IR BIE, fE J
HL I 22 4202730, A7 i B FL AT FE 2 0 DAY [2]
HEfREM, W) REZeREEBIT. R
A R IR ZE A L AR ERSIR B BRI, 0
AT SIS R B R0l (] BRI AR AR, ) b
BN R LR EOR N RS 4E 52 (i 2%, R
D B R 22 KT ORI R Vria B, S P4l DAgE
I Ak B 3B G 8 1 5 S U Bl

Har, EWCH 207538 0 2 R &
[] B 25 VA, IS AR, B Bkl SRRt
TRFFHEE. A/D Bl VERRAL IR ZE VP, . SO
(6142 t —Fofr 5 T~ AH 4B £ 2% 46 41 ¢ F2 0 O APl = [m]
HHEIZTT %, BB H SR TR A S
[ VRS SEIL R BR 12T, (HiZ 75 B R R A iR 2
I 22 B VR 5 R B (Y R AP L, ORE T
ARG BTSN B TE I %, AL — € R R
SCHER[1]192 i 7 SCA B R IR 1R R 4 0] & [l
B T, BAZOTE R LR T E T ST
TPAEZ 2K R IR, BRE HARZ VP S —
PRAP I B [ B I A7 AERE A o

W& i) RGBT H R 4R, — 7T
I ORAPAS IE# AR 3 B0X 8 oK AR5 F S )
JA U, 5 — 5 TR 4 B N T (artifiicial
intelligence, AT) AT 72 J7 V530 & 51 A 08 B AR
L) R Gk F R B ) TR e A RS, BN AL
PR B ST 1 56 B ORA 0] 8 ] i S Hs 0

2 AL NHITRIRE) 3 Y S B R R A (1 [F] I, 5k
T HHE R R 22 B U AT 9T K R 224 B A AL
SCHER[16]4€ H — i T 4% 32 oy 70 Hr 5 ek PR %
AL R 25 I HLI AR R A i b 12 W 77, (H PR
SRR IR0 B AR LI 1) e ME LR UE S 3I04SR i
L, H 9225%MHER R A FHRT. STIR17152 H—
T LT REA Y 78 MR L D0 FA R 5 22 SR S0t IR
Hi%(improved grey wolf optimizer with multi-strategy,
IGWO) AL S FE R = A L(support vector machine, SVM)
A AR I P2 W EOR, A 2T 1 iR )
BRZ AR RS, (ERERY i ff DREAS . SCHR[18]42 t
— i T 3 HE T 70 0 M A SR A A TN
%, WK 1Y IS S [ A7 A s |), AH LG
% 32 B3 o3 B S T 22 R BUE SR G VA ) ek R
TELRIRM, JRERIL 0.01%, (HEHHFEAGEFE .

BT BB T, ASCR BRI IR R R
2, R —Fh R T 3 o o M R ek AR SRR
AR PR 2% 2 Bl (recursive principal component analysis
and extreme learning machine optimized by grey wolf
optimization, RPCA-GELM) ) ¥4t 77k . B, 4
AT ORI I [ 2% 5 PR TR 22 AR ML, SR RPCA
SEHL A PR HHE R 2R AE, FET ORI 4 K&t &
FERHIEER, JRIE IR ZE SR VA FIFE HEAT FRAE DL
Wy ARJE, B AT [ B G R 4 25 VR L Ak S S
(international chaotic map with infinite collapse, ICMIC)
IR Ak (grey wolf optimization, GWO)Si%, FHF
FSGERIRACELIEXT ELM A G 5 50 -5 5
efifs Heha, #Ar3EF RPCA-GELM (ARSI & [H]
FERZEVPAGIEAY, It 2 40 0) o SEI0ud B i B U7
TRRESKBLVEAS TEI R SR B L IR . Jr kR
EEYpiliLR

1 ET RPCA RYRIPINE Bl B FHIE S F0iE

308 I AT DR AP DN B [ S PR B AR i, A3 AT % FE
TRZEE AN, Y R 2E RN E S I A R
FRRE, ORI [a] B8 1R 22 VPAl B2 E 25l . SRAEH
NRGIEFIBAT TRy 2 B, FH R
43 ¥ (principal component analysis, PCA) % 7 H] 46 =+
TR, THE 4 KGR LB ETEEREE
SRE=AHSEIN 2 dE, R RPCA R4 i 9)a6 37t
B, JEEET 4 KRG EIET EARZERFE, WELR
HRIEVHG RIS, DGR ZERHE.

1.1 4RI E B BEIRZE - EHIE

HAT 2 A8 B 4k B OR 37 6 B 2 55 T L i R
P, 0[] 2% 4 R 2 PR LUK s i L AR
AR HR B S  H  F E R R R E
WEB CPU M E 2 AR AR R
LI ELRER R AN, W] 73 AR SR L O )
[ S AN ES A B AL ORI = (Bl B R, LA At ]
1 7R

HE 1 AT AR e ARGl ey i & B ik rhg
M SifEs, FRmsaK. 2R ETH, N~
A HARRZE s CIE PR T LA AR S B
S — iR %, HRFEORFFHRBREHE R, H
PRV SR B B A A R 2 R BORE; 2 B
FERTREGI N —E PFEHR %, A/D FHPA 1R
TEAE 2R 22 AW RS 1R 22 o B A AL R 0 & [
pe, R S R 2 S TR, B
SRS HIE L2 ERE; BIRRERGE T
P B 2 o N7 FH IS T FL 255 1) i i, OEL R R 2850 7
Sy IR ZE, B RS2 T PN 2 AR fih R R



-26- W) R GRP bk

% IR T SR E, R fE szt
TP (55 B A AR S B R 2, Jeerfeimid
REPAMUAAE IR IR IR 7, U R IR IR rh 2 e ik
JCIFM NS . RBPEER R EMBAEIRE: &
I B TR v ) K A B 2 T REAF AR (R IR 2

L
EANREARET
P e [ s [ %

(a) TG BHLORIF I B ol 2

AR RERG .
FTTTT T T T T T T T T T T T T I
@ WUy |l T |y [ B |y ) . KNEEE ;‘g
Moo | | |k | | s W |
'k L

BT[] [BF
CohmEthalt ‘1:_ Bt

(b) BT AR A
1 GRIPME B BB A

Fig. 1 Basic structure of protection and measurement loop
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Table 1 Feature optimization for comprehensive evaluation

of error of protection measurement loop
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Fig. 3 Current error evaluation flow of protection measurement loop based on ELM
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J+ RPCA-GELM H5 KAl ) OR 57 0 5 0] 6 48 22 VP Al -29 -

3 {hEMIE

SR I IE FIT AL R AR A ) R G T BE S T B AL
VE RGO, MRS v SeBRAR 4 S H L S 28,
#F PSCAD/EMTDC “F&#EF BEA, Hindh
iR 5 R
LIT

—_—
1B I

500 KV 2M
500 KV IM . 0 kf/()ll; wm
E 5 REubRFNER EHHERR

Fig. 5 Simulation model of protection measurement circuit

B S, I N FBEMIESR . ASCETF 1,
NAEIIEALIR ZE . LI A AR FE Rt AE v 5 35 BH B
FERR ZE KN B AR, IR 2 5 I s an i 6 i
Ne fHEIREL 8000 4 IEH £ ds, o 7000 AH T
FIEINZREE M , 1000 4 THIBEIEEN . FKIE
HL ] RGN 50 Hz, BIEERD 50 J&3 . & H 1.296
{CJEW BRI 20 A RFE A, R B e DU IR,
R A BEALAMEL 9 N A B DA b 2R B R ZE A

N T AT MG

RR
2
« 1
= 0 j WQ %
‘2 100 200 300 400 500 600 700 800 900 1000
B
(a) R EUE 4 R
}ﬁ::ca:a:;;a:z*j:::pz
151:54__|_._‘__|_._|__|._ |1 _ N o
E{%::‘ ‘:..:‘: ¥ T
e o e R L
1 100 200 300 400 500 600 700 800 900 1000
FA
(b) FF PP At = 358

& 6 TR A BRI

Fig. 6 A-phase current waveform of the data to be evaluated

HE 6 nfLAE H: la@ﬁ PR ) A M
HIRAE, WZNIERE, 5. M. 22885 R
ZEH s B 6(b) 32 N IEHIRAS N 1000 2H iR 454k
PEEE, AR AN 15 22 1 IE 5 s 7000 ZHAE Nl
GAEM , HTESHET PCA MIVIA L okM, =
LT H IR 1000 4AF VPl B, LAAE IR UE
£ N ARG ORI E B EE RS 461 MR 2125 1000
ANEE ] P2 AR R ZE (RO R I — 2 M 2 iR E S

BEHLIRZE), Wk 4 s,
x4 HITHEBIRRIRE S RN MAPRES
Table 4 Error of the data & the loop state to be evaluated

B IX B RE% [B ] I i R 1
461—520 3.4 8
521—580 3.6 9
581—640 3.8 10
641—700 4.0 11
701—760 42 12
761—820 4.4 13
821—880 4.6 14
881—940 4.8 15
941—1000 5.0 16
HER 4 nTLUE H: fFPPA R0 hixZz 2 461

B4, RZEM 3.4%0L 2%k E 4 K &
5% JHEIEOU T ORI I [ i E L/ E R 22 Y
RAEHIE 5%LANEY, A SO IE T B TR (1 56
HESE N, KRS0 & (o] i 2 B fo Ve vs Bl ) s
HEAT 5%, xR fovr e B SE gk AT i, M
T 156 BH BT 3 7 V2 R VPA 8RS
3.1 ETIIFE N BIREFEM &

BT EREAFRNRZEX B N, K5l
A RPCA R DU HR ZE & FISET 4 PR HIER
4 MHRERMES . P T+ H, FIH Matlab F&
X% 4 PR ZERFEREAT 0 B, ARYER 117 5 FhlkfR
EOLERHIE IR, HOT RS R K 7 Fioc. B 7
*%\ﬁ%%ﬁﬁmﬁﬁﬁﬂWM%ﬁ%ﬁ%@o

60
B a5t
ii'E
a4 30
& 1sf ]
0 300 400 500 600 700 800 900 1000
FEA R
(a) STHPRARES
1.0F : i i ; : ; ; -
" 0.5 l ‘ ! | ! i |
& 0 AR R A i i ‘
0 IR IR T
s 0 Hl ' | | ‘ if't
%*0.5**1**r**|**\* h\‘l‘ Il{\‘
71'01 160 2(I)0 3(I)0 400 500 600 700 800 960 1000
FEA
(b) PIEEFRVIRZS

TR EFFE

1 I 1
O 700 200 300 400 500 600 700 800 9001000
FEA R

(c) THEFRARZS



W) R GRP bk

-30 -

R I S S B
& S S S SR
5 30 : | i |
M1.96 F=—==—=="=r=—=={I Nkt
oK : : : .
& 0.90 i =

70.16 il il | il l I 1 1 1

1 100 200 300 400 500 600 700 800 900 1000

(d) HBFRARES
E 7 REFHEMIEIFR

Fig. 7 Error feature optimization

HE 7 7/ LAEH: (a)- (b) (¢)s (EFS. P
T. HGEHVIRSN 1. 00 1. 1, XSNE 1 HE
RRPRAEDL 1, MURIES « T« H ENRZERSE, %
AFET GWO-ELM LRI I & 7] B 158 22 PP AR
Blr=3,

3.2 &F ELM iH R B A9 &% L R 2038 IE

BT BRI IR R, YA N R R0 B
B 5 A [RIAZ R BT ORI 2 [ B 5% 22 PP A A 2R Fr
Ae, DAIGIE 2.1 WRIES AT, IR T Rl sl
1T IR B AL T ICMIC-GWO iR Z 1AL AT St 5
G FETASFE AL R O IR R 22 VP A A Y
PERERIUAIA],  FLPEA5 HErf = SRR I ZRis [R] (1015
HARWE 8 fis. Kl 8(a) Ak 2 il 5 KGR
FOCHR TR PPk vHE A 2R T LL SIS, T 8(b) 5 281K
T BRI AR VA B 1] (5% B S5, P 8(c) A ELM
FEETRY B J2 A 48 TGN RO TR 1A Y T R R Py
IR sz, 1 8(d) AR 3 i 3 284% R BT EL

K o

M | I I,
& - A e sig
= - ! ‘ ?mlim
pud (R EEEk St Rkt ISR i el b 7
ey A i i qa:dgesls
35 40 45 50
R TN
(a) A [FIRG R B A 2 0] LL 4 #T 2
B =
I — = E
= 0.02 Y FIDRCIPPIS (P L I PRSP NS PP, SR oy s, | S & 4o
= i i i i i i i iharlim i B
'E 0.0k A . . |_ _ —tribas | E); 5
= 0 ' = : — (i : 1 1 =
0 5 10 15 20 25 30 35 40 45 50
METEANEL
(b) IR bR HE 20T A
g lin pol rbf
b (OENEEATE
E PRGNS L b7
=

WA
(o) I TEA S R L AT
[El 8 AN[EIEE R IHRATAE 14 RERIRZID

Fig. 8 Influence of different types of functions on model evaluation performance
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