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Multi dimensional diagnosis and fault-tolerant mechanism
design for failed distributed photovoltaic flexible control
testing
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Abstract

With the rapid increase in the penetration rate of distributed photovoltaics, the failure problem of flexible control testing, which is used
to ensure the stable operation of the power grid, has become increasingly prominent. This article analyzes the case of failed flexible
control testing for household and non household users of distributed photovoltaic low-voltage public transformers with a capacity of
30kW-60kW and above in a certain region, and proposes a comprehensive governance system that integrates protocol optimization,
equipment status prediction, and dynamic fault-tolerant scheduling. Designed an adaptive retry algorithm based on sliding window
for communication protocol anomalies that account for a large proportion; A hybrid prediction model of LSTM (Long Short Term
Memory) and GRU (Gated Recurrent Unit) was constructed to address offline device issues, and an innovative hierarchical fault-tolerant
architecture was proposed to achieve millisecond level fault isolation through edge cloud collaboration. Actual verification shows that
this scheme can improve the success rate of flexible control testing and shorten the time for abnormal recovery.

Keywords
distributed photovoltaics; Soft control testing; diagnosis; fault tolerance

AR L ST % 4 V0T 5 R AL 18 1

VL PE L DA FRA A Bk A ], HhIE - IPH _E15¢ 334000
=

K& A KRB S R ek 291, FIEMRX — B TR S WA B0 R T T RENRMFIAM A A0 2, A4t
3o X 30kW-60kW & 60kW A L oA X ARAKEA T G p R A=dE 7R A P 42K R M E0 AT 04, 1B T —&@ms
BURAL, EERETRN . SHEBAE PN EZAEE AR, AT bR XGBE NG FETTEATEIDT o A& R TR
ok, & B LPAMETLSTM (344 “Long Short-Term Memory” , % X% “K4ALILML” ) #2GRU (&
L AR “Gated Recurrent Unit” , PXBE “TT1HEMBEIHREL” ) RATAMAR LI B AL, R R T 285
RN, PRAG-Zu M RAER TR T EVRKERSE , FIREERY, ZH5 ETRGFEIEMNR R E, ETHEFF K
A ek,

ES |
ARk FIEMR; BB SALE

W, &R IS = R TIHENG A R

2 SFAEMIK K WA & 24 B2 B

2.1 SRR FHES 1T
X} 4030 SR ZR I SE TR R B RR R,

1 5]

[l

b

o3 A1 TG IR M 2= 12 o ol s EL B3 B T 4 LT H,
WOVATTRE DN R A% O F B, X A s OB IREEFTSE M I
M, A ARCHI R S) . IR R, R, K
A 2025 FAEBOEIH HIE TR, FEWHKBER S

21.4%, HAsEEE S 50%, TRERIZ T R, HT

AT, RTES, AT ERRROSCEL. MR X SR S & 1 AREREAR

FRf) ARG aE s % U, ASCRBES S LR, M pi-esi SHAUEERAD /4 kb
WEPHSE TKO13 - 3/33, EPO10 3978 98.71%
BT ESLR EL001/003 41 1.02%
S E R EP004 11 0.27%

[fEE-T] A (1991-) , &, PEILIRBSZA, M
T, SRIREh, MBRTEEINR.

Hrp TKO013 -3 (4E401:5 ) 5 TKO13 - 33 (&K )

119



BASHEEIRATE - $£03% - 5 06 #1 - 2025 £ 06 A

MR EEFE, ERARREY: (1) pERS A LI
FIARRE, SR 1% Queries Per Second, % &iFK“QPS” )
>500 INFEAARRENY, FaHA s N iERS ok ik
HREIEK, FEEBIE KR, SRR T,
(2) 4G ML EIRIE ( Round-Trip Time, #SC{EHR “RTT” )
W SEGEIE,  SEAATHBIX IHETS 120 + 80ms. AFRiE R
LS IR SRR BRI, T Hs A ]
5k TEK TR
2.2 REZFIIHEENSHT
2.2.1 BAh AR

AR B M IETT SR B S EES B R, ASMIEIL,
Pkl (B 1) shaidteok 7, a1 S8 A e mEik
T A SRRSO E, RSSI (FRESRETER)
SRS SN EETER, EXPRBE REE SR
BRI e S n B E B, (5 SRETEMIN
15, HUEZRMFSRIEEN, MifTseiEE A% sl T
B, SNR ({E¥ett) FkfiEE S, AESEGH
EEMMEELLER A, EREENESEW . BdRGhiE
I L R B e R ) 1Tl s

WEHTRA
RSSI: -70dBm
SNR: 20dB
FE3R: 15ms
RSSI: -68dBm
WTRTHB SNR: 22dB
I FEiR: 18ms
RSSI: -65dBm RSSI: -72dBm
SNR: 25dB SNR: 18dB
FE3R: 12ms JEiR: 20ms
WLEEETRC ‘
RSSI: -75dBm
SNR: 15dB
HER: 22ms
WL TIRD

B 1 fRiEEE

2225 5%73]

AT BT I N IEREAR A SR A SRS SEIN AR AL
TEPIEIES RS E IR, PR R NS R B AR 5]
R EBREZE S, PRI A E S M FRAERE AT
KR, RATNAWEESALHPR ISR A5 >

' =0( 3 anWOD)
u€eN(v)

WD AT v FEE 11 EIORFIE R, Forimid 24 ml
EEIENHTIRE . o 4 LeakyReLU & pEEL, 51 AZ70.01
fOTRE, f# ReLU 19”7 FRZSICFETS" (AR, HERA(EX
[BIEESIRE o @, MIERIREL, SRR ETI S u Xt
EFRTT AR, wO RE | BTSN ERE, H
TN AT SEHE . RD W ARIET S Sus 725 SIS 2 HOF

120

EATE, TER AR ALS B, NO) AT v BABET S
Elr, ARAI I A o T IR A

TEX—HLEI, o, HEE DR, HOCHERE T
RETT S w R v (O ETERREE, ESE R, BT
RIAET SRR AR, B R E S R
RHEIIE, MR, P SRS R TR T
A MBI R B R AR E A, A
BRERSMERBEIX Fh 2 5, LeakyReLU % EATHGATE o
‘Bt H ReLU pRALHES | A KA 0.01 ZA TR, £G4
ReLU FEIH Ah (8RB0 2 0, X FT B2 e rE I
G “FET" MR FENAR S SIZAE, LeakyReLU #U%
RO AR SAEERANAE, ] HROR7E (X A1 5 B
TKRE R, MIfiRETEIT M STRER R A b= RHE
223 FHIES

RCHiHY, = MLP(hD), 85t £ B R A8 B A T
PURHES TR, RISy £ R RIS R Rl
LWL, A . S EEERREEMR . A,
PR WL T 5 95 JSURHE AT MLP #E—25 JELk A
e SEHFA AN EGRR BN S B, KRSk
RT3 E R R T % B A 5 L Fl-score i
#1092, HT Fl-score E47a HefisfI 3 M58 TR HEHR,
FL{EAEER 1, BORER ST B IR (SR )
HIRBIRE bR, BLIE S AR B AR
KRB HRD , AT T e ST A O FT SR
Btk
3 EEENENZ T
3.1 BEHERSE

TENRILRTIE AL, BB E
TR S RO TRR I %, AR SCEFRT 3 LI TKO13 ( #54
HUTZIK ) FiTEPO10 (HIZUSRLHRFILEES ) PSSR
TEWENLE R PGB RIRI S A 1 = e
B, TR GEEER SRR

(1) PEER: SRR *

TEPD Nt 28 B B e 1 B HE A e st )
Aty :

Aty = min(p - e, timax)

Hrh, p=2s HEIAIAINGE, A=0.5 H1BMEALL, .. Vi
KIRIPEEIE ZEERR T HREGR B LR G P4 HHZE, 52
IR AT KT R IR 63%. &5 A RN shE R R fEiE—
HERAR IR, LEEIRIER OO E YA,

(2) PMVIERD: AFN AR

FRFAERRIR SC 0x9000 25 EP010 £ 1411 AFN 34 2
S SRS A -

R SCHRENT: FFPREHUEZLIR S 0x9000, 0x501 Z54E
FR AFN WSk HHRECE &k

M AL FF bR B kR DL/T 645-2007 #12Y
shty, HArss SEURBEIHEIRE.

SRR NIRRT IR ST 4P B R DR 0 B



BASHEEIRATE - $£03% - 5 06 #1 - 2025 £ 06 A

FEFLRE.

(3) =UfkM: Redis 84 EM

TE A Redis 1542 17 it L SC BB IHE 55 H sh#h
. 7 REMIE$E A Redis, TTL %8 A(E5EHE,
1) Watcher Z8FRIRIZTSIRES, R MZELEIbR GRS
BT 5 R A Raft NSRR 2 19 MR E AR S — 2,
W EE P TGN
32 EBRERE

S RIEIR ARG IS B ARG BRI TR &
HIPI TR RN o fa e . SR — IR, AR T—Fb
F=T LSTM-GRU (R AR 45 SR AR AT, mxd
A A TR R SR AR, S TR AR X
RO REAETIN . 12 SR PN AE ), AR AU s Lt
HE Vi, CHEMELE ) o BRI 1, OBRAER) | IR
BE T (BRI ) DIMAEARHRECS5, Hrh, i
H R [ A RE RS I FE AR, YRR RAE LR A5
WA ERED), RIS T oo ERE, mfEZiT A
TS s T NG, XIS b VR S
AR, N ST R AT SR OB

TEMERI A5 T, LSTM @it B A i sl
RS AR K RS, e R R Nl
WIHRIEE L ; GRU B NIE i TR SR
Besh, WLREFRE = B B4 1 53 Bh P 28 (b i i B I
A SEO R PEEA L. PIEE I BRER Al B R R R
BG, S4EEREER Sigmoid (BHEREL) BRI B 4AT
# poffline ( BILHER ) o RRAIYIZ: R I AZ IR e RECRN
Adam ( HIENFE(HTHLLES ) (ifbes, 5 A Dropout (fifi
BUAREE ) F1 L, IENMEBE IR A . B shds Do
¥R (B0 60 43%h, B 5 98 , BRIREIS A8 Sk
FARE A AR

SFRMER R, ZIEEZE 10 AR EIE IS dET
FUE R MEE AUC (HBZE FEIFR) B3] 0.89, B
TH— LSTM 5§ GRU 124, fEGLHERT 30 O ph il
LR HLUERR R 85%., SHEZ ARG, HREGETHE
M 92.1% FEFF = 98.7%, [BELE S T RSN SRR E M .
X —FRHR A 2 A SO R ARG HR S W R S PR F2 3 T
BREAIHEEARTF B
3.3 EHIEEEE

IR A G IR EE RE D B B I e
PERTRTEME . ASCREH =R BRI, MINASE
AR R A e B = v SR ORI E R A
3319 mn k. EHRENRUEES

SRR, R AW S RE RPN, BRORAE™ B an
FORg . ThERL) KAERT, BETE 20ms DUNPGEEIWTEES, B
BRI B2, ZEENREE R,
R O ORI

TENSE, FIR% % Docker (%) 250V,
CEAR BRI, SRR 55 R b b s S Y
(<ls) o YFEFBREFHE RGN, DETET A HaE
JEBTRERSS, KBTI RS 0] Rt

o=, 5T Kubemetes ( Fesswfbla ) SR 5
AR S5 ) E 2R 5 ok, 4 5 BT ARk,
Kubernetes [IHRE 282 HEK Pod EHTECEIMEETI A, I
CEE/ICEY R (HPA) RO A, FlriisiR s rkes:
BT,

332 MR S Haake 5 oA X iR

BRI 5T, RF MQTT + OPC UA (&%
/AT BIPNY + Tl B E S 48— 22ty ) isiE
MLEl. MQTT thill et iz A . (Reh#istt, &R T
HASERIEARISLE(S 1 OPC UA (B TAFRAENY,
TG — IR e EARRE ) . SUBE AT T P
TR BEHE, MRS AT RE &

FERBEYNBS T, 51 ARSI TR IR Ah 5 B
AR TS N LE], SRR (Aniiasgs | e )
PRI Tl H E B RIFTIRE D, =omiiAbE: (g
BEEERIS S ) BRAE RN %, REmRF A%,

TERESIRTTH, R Raft (SEEESEHNL) 4
A EENY, BRI SRR S 5 RE PR R
—5bE, Raft 185} Leader (85 ) dk25FH HE HINLEI,
FEARIER ] MR, B R, AGAER D Tk
SRR e BT

4 SEUES T
TERHRTEA TR, SRS T 2 Fior:
%2 BRI REDB LGSR L

fabr U R UGS G Tt
MR (%) 78.6% 94.2% +15.6%
TKO13 - 3 LAEE (V) 1960 402 -79.5%
SEPRE TR (min) 8.7 1.6 -81.6%

ATFRIET ZHE IS SRR R T Bk
IR T AR, (MR BT

5 #ig

ARSCHEH I 2 48 VA TR AR 22 08 Al R Fedas il O g ]t
T AFMTE, MBENY., SRS ST T
R E, MRS RN RE RIS
E SBRN FIEIIE 7% 7 R L R E . R
ARSI E R . N —2¥ 9T 5G Y 4~
FURIHE AL, 89 FIH 5G MEEHOMRIEE . mi Tiks
P, PRI RGN N S A S DS TR T AR A
FIMIETEROR, B AR R BT T, FEETR
IBEEERRE, ARFNWIRRER THRUEE IR,
CESa
[1] i, DRsE. FLT 24 BUR I FOCIREDZEIT]. #r

TolkAk, 2020, 10 (08 ) : 63-65.

[21 Bk, Mk, A, % =S4 T YE S U IR R BB IR

PHRPERENT ST I R, fERAER SR, 2023, 51 (09) : 2254-2270.
[3] MREFER, 1RIBIE, BRI, & U R R R — DI

REIBYE B IR A FL 2 B SR T A B [T]. S AR ST, 2022,

39 (04) :178-180+185.

121



