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Failure rate prediction for feedback terminal units based on the

improved stacked denoising autoencoder
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Abstract: As an important component in smart grid, the Feedback Terminal Unit(FTU) occasionally
faces the unexpected shutdown due to the extreme operation environment. The failure rate prediction of
massive Feedback Terminal Units(FTUs) is investigated by using the Stacked Denoising Autoencoder
(SDAE) failure rate estimation method improved by the Dropout Regularization operation to prevent
overfitting. Adadelta algorithm is employed to optimize the learning rate. An accurate failure prediction
is realized with satisfied learning rate. A series of experiments are conducted to verify the advantages of
the proposed method in solving the FTU failure estimation problem

Keywords: Feedback Terminal Unit; Dropout method; Adadelta algorithm; Stacked Denoising

Autoencoder

A Ay #7750 BB TG H ) 1 R R RIS, B A SRR A R U B BB C L I OB Y s AT IR AR L R
W C FL R 0 Wl e A TR R RE B S AT AT 55, HZ e TAEXM TR REAE TR E L., % g3 K EE
1 & AL ) Rt iy st i B0IR,  H e i W A K Y H L Ao fE s A7, R AR . FiRfE B iRik S
T i 0 XURS: 5 HARE 5 R iz A7 78 v I DG B 0 A Y T Pl 2o AT A LA M B2 R, AR i o ] S 308 A, % i
BATRCETM, I35 5 7 RE 8 A6 B & AR Wi 6] B P 2 g R AT A B A 4, A I 53 3 DG TR I

Jc L [ 2 b 28 i 1 A8 9 32 T RE R N I H AR O G rh i fE B EEAT R L AR, IR B AR A
g L PPl D B . R A ke B (FTU) 2 B H sk e om i 2o /F, FEE 4776 10 kV BT HL B iy
AR 7 S A FEE T . A SCUAFTU i LS4, e C H 28 i 1) 38 A7 2 R0 F000 [m] 0, 552 300 4% 1 o 46
TR S RCHEAT 08/ B A T R TR S AL 4 H B AT R 8 A R RN RT BB A T AE B BT X HL R A Y
RACRTM , IAT W 5 3 B4 vh 78 4 BDL ST R vk R 1 4l 3K 3l i N T R 2 AR R T Uy vk o A AE A 7
AT RN R L U e . R ARIE IR AT, @ MR R s AT 4 5 an R D AT S MR AR R, JF
3B R ALY, S B T S G R AR TN . SCHR (2160 BE R B R PR BEAT BE Y, B
K EHEE: 2022-06-07; fE€EHHEI: 2022-07-14
EEWHE: EMNILA FIRHL B H (520144200017)




38 AHEMNEESRTFERER 52 %

T ] R T i 6 D T 9T T B A RE HLBE R R FE R U I S B, S TG T HL AR ] R A A v ALV A
il KL o B R B 2 R Oy gk n] DU S B T BEAL B R T OC R R BCREERL, JF B —E R TR, (EOR
FE Y A Ak DR S92 B A ™ 7 P o 22 ol WL B A2 52 00 B R G 25 TR A QAR BTN (] A . SR DT A 9 AT R TR L AT A
JEVEREPE o BEAE THI B RO A R 0 B RR B T S R BN L N TR RE R R B R SR, I AT 3% i 4 1 )
FHON T8 BE 1A TR I S0 B et e 10 o 08 v B B i ML, SR 20 28 L BB IR L ORI A A i 0 4 2
AED . SCHR[4)Z8 39808 1 AL 4% 56 T LR 7 > BORTE N #Y 2 Bl N R RE BORTE it ) 78 TR 4% 5 0 G5 A7 Wl g e
N0 U4 18 T 55 R R SCHR (SR I AL A8 AR B 12 AR 4 b S ) P A0 50 25 A A S5 1 o AR b, S e ) o A A 12
Wi s SCHK[61 4 1 5 1) #4 46 (Back Propagation, BP)-5 4% [i] 2R 1R & i 48 0 45 45 A RSO HE B D7 vk, X4 e P 3R S
M ZR SR AT IO . FEARZ N TR BEHOR T, HEF B0 (A 90 65 4% DLCE m AR L 23 28 J00RS o 2 A
B I SR (8] W 51 T WSS B TED . SCER[8]HE T BEAT AR5 5 70 R AT 55 F, BT 11 R 1 25 B0 4 ) % 2
A5 R 22 10 2 9 07 B RO Fe 5 SCHR [O1RI I ~F M B XS e 11 4 80 48 552 B 1 2 20 6 50 R 355 T A8 9 00 % o e 1001
SCHR {10 e PR 2 M 1 20 Tt 35 o 78 P 45 €5 338 o e ol 5 5 R T 0 L 8 5 E AT Bl T ok, R T i iz
£ W RS RBIRE Ty o L AT UL, N T B AR A SR A 3 i O AR B 45 O TR AT R G A T R SR o A O
o [ MR ) A% A A i DR 3 S TN 1) A b R B — e A, (RATIA7 A SO B8 | s AT e 00 2 ) R A R A )
A, O HH B B 2 2 e G R SR ) LA i = R N TR BE Y BE X BT IE OO 9T, WA SRS HIE R
SHETLAF R AR FTU B AR R ROCR BN

AR ORI AR 2 i B A5 (1 25 JT IS 1T S8, R T Adadelta 5507k BOE (9 HE S FE M 1 20 A0 25 I 25, OF RS0 2%
BRI AL, 38 5 B T 0 2 3R B S AR R AR TN S 6 6 kA SO 2 G A

1 REZXREEEFWRINEDN

FTU 1 57 FC L R0 H ) i sl G B9 B 00 L f A R B AR . 48 SR 55, BT =1 (GE(R . 8 W Al 2E 4%)
DA R 5 B A I 45 D BE , TR A 0GR N A as AT B 4 O T, AR E 128 AT A0 N s R4 S B4 9 0 e 0 R RE
W RS E s AT A B AR Lo FTU E Bl DUR LB . @ AL | @ AL | st | JEfEH
B R LS, E A AN 1 TR, Kl PLC(Power Line Carrier-PLC) iy L JJ £ #00% «

upper—level communication
node of distribution network

measurement

\ ted switching
regulating circuit po c-mounte | operation |

switch position

capacitor bank
- - switching
A/D signal protection trip
) ) . energy storage
transform signal initialization
analog switching control signal
signal information

external induction
acquisition module

!- communication module power management |
| module .
. PLC
| 4G/5G wireless IEC61870-5 b:i/kiilghz(\),\:rer I
. fiber optic DL/T634.5 |
| communication i .
resonance protection I
. v v |
- I
I .
- FTU cpu I
| .
- 7 y I
! t :
i remote remote signaling telemetry I
: I
| 3
- I
| g
: I
I g

pole-mouted switch

Fig.1 Model structure of feedback terminal unit
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Fig.2 Structure of the stacked denoising autoencoder
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Fig.3 Flowchart of SDAE with improvements of Adadelta and regularization
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