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Abstract: It is of great significance to realize the accurate prediction of the temperature of power equipment to ensure the safety of the
power system and to improve maintenance efficiency. Traditional forecasting methods cannot meet the requirements of high-precision
forecasting. A temperature prediction method for power equipment based on an improved long short-term memory ( LSTM) neural
network is proposed, which uses de-pooling convolutional neural networks (CNN) to extract local features of time series, and then use
the recursive layer designed by LSTM to extract the long-term features of the time series to realize the temperature prediction of electrical
equipment. Experimental results on the Power monitoring temperature data set of Capital International Airport show that the prediction
accuracy of the temperature prediction value is better than 1 °C within 20 to 60 minutes, and the root mean square error (RMSE) 0. 12
is smaller than other temperature prediction models.

Keywords: CNN; LSTM; temperature prediction; power equipment

SR ESR SR T A R A R R e B 3L
JEANTIREGRIR R HL T A RATE 1o g B (A E 13
FRAFAERRE X Pk e W 4 5 X TR A B S

0 3

[l

MR E R R RET R Ak AR TR [ 22 5% A
M B H RGBT e K HLAS M S 2% ANIR] IX S 1) 4
IR ALK B BX 5, XA L ) R SRR 4 axas e R

Yk H 4. 2021-03-18 Received Date: 2021-03-18

I, B a DR LB ™ L, s i ik . R AETE
AR AR IR I, A9 B T ) 5 mT A A A e e A M B
B JFREHEAT T XL R T e R AT S50 DA sl ) o



- 168 - LSRR R e o

535 %

S5 A AR R AEAE T AR R ARAE AN 2 St E A5 1) 7]
A, DRG0 F, T 38 8 2 A 7 2 T R 5 s M 3000 R 53000 7
JEARRAAE S, AT LI B AR S S s 2 4, A 280 1k
ML A i AR RIOR 2B T ) R TRE T ek
FHFEAR A4 A B B L

I T 5 g 0 Ty 32 3 A B[R] O 3 4 B
Bl EEFREHL(SVM) R 25 o g £ Shirvani
SEUUE 2203 B A 2545 8% 20 7 AR S0 I8 39 128 g 3
THRLEE S8, 4 Hh % 7 1 6] T B ) P A v v 9 )5 91 LA
ARGF R TIN5 [ PP 9 S A% 8 5 i e B v i A 7
LTI, BT SO B R TR A - SRR ) AL (PSO-
SVM) 33508 i A 0 Sk TR AT U0, 4 o1 /NS — 1Y
HEAR A 2308 PO 25 50K B B WA, AL~ 07
2 BARBENS AL PRI 2 Y A 2R T] R, (ELJ2 7 Ak B R AL A6
BRI —E RME . PN R AR B R S B 22
PO 2 i Ay A8 A A R AT T RE T i 1 A B b 28 0
25 (CNN) £ 27 2] A 2 M 5 30 ) 5040 1 1 % O v
SR, G HCHE e S PE R AR E PEBCR I, B — I B R 28
) 245 ASTHUME LA 02 20 B i AR A B . A i g 2 O
FREHHEIZ M 4 (LSTM ) #57 [) EGT By il 55 | 3
VLW T LSTM J7¥E7E EGT AT [A] R HOAE 24 pf 28 1 2%
(RNN) 5 3¢ 1) s AL B e, 25 R $2 s 4 R
2228 55 S I P 22 ) 28 455 7 ) 20 AL Dl i 8 2 [T 1)
JL S B TV v i IO P I A [ A R 45 TR VI
JEADAROR F2sR T 5 CNN B LSTM Fi8Y

H, ) B A IR R AR A LA 52 22 R TR 3R 50 e ] )
N EALGE )y IO R TS R T . ML= ) O i
ARBEAE AL PRI J (1 AR e 1) R, {H 2 7 Ab BE R RS 4L
7 AFAE—E RIXE, B— Y CNN B LA 4 27 >
I PR B S AR . MR ] LSTM F) A6 28 30300 i B A
PRRAERT i AT HN K25 50 B R AF B T — 5 TR

SR TN VA R BT X LSTM 45 T 1k A7 AE 1Y )

R A S A o A il PR AR AR A SR — R R 2
PO 24 TR R S 12 28 IO 45 AR5 5 D ok v e O 5 00 A
B e I S oA AR SR T iR S Ry vk
A3X5 b, i AR SO $ 5 ¥ HAT S o P OIS 2

1 HiERERTALE

1.1 BIEXR&E

FET LT AL IR A T W R 5 2 - W e
RGN AR g JF AR REHESE 32 B4 i TR AR R
B, WHEEOLT B RGE T R ZEUE s 5 I A 25
My CE, BBCR D B LGHE F SRR TR A 5 T AR N
PRI E 6~9 AN BE WS o, BEHEE H RO EE R B
2, Bt LIl 2 R o0 A0 SO EF 15 8 22 A TR W o5

ARSI R A 1 AL 50 B R I Pl it i 4
B A PRSI T F A4 T W IR G I R DT
TR BRI ST IF R T 8 SEH A 23 T
LT R A R AR e AT B T3 fiiuhbg
FrZE it i RGBT 2 A AR I, DE2T etk
TR ARG 2 G LT I B AR A DGET i I A K I 55
fr EOUAG AnTE 1 BT, 32 S0 R AR f R Y
A TEIRA i A8 s e TRUEEAR 20,5 C

B Ol P 5 28 ERL R

DM%IW&:E

ZES

Bt H KA
BT I RGeS

Fig. 1 Temperature monitoring system structure diagram
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60 min [ 5 % T Hsf ]

120 min [& 7  1H 5000 A [iE] 180 min [ 52 & 1 000 B i)

B4 20 30 40 20 30 40 20 30 40
A In B sk % RMSE 0.14 0.13 0.33 0.21 0.23 0.43 0.24 0.25 0.45
KRB AL RMSE 0.13 0.13 0.35 0.16 0.21 0.45 0.21 0.25 0. 41
£ HHE 2R RMSE 0.12 0.14 0.29 0.14 0.15 0.36 0.13 0.13 0.31
SRR AU RMSE 0.13 0. 14 0.31 0.15 0.16 0.39 0.20 0.23 0.39
P LSTM A2% RMSE 0.12 0.15 0.27 0.13 0.12 0.32 0.1 0.13 0.27
2% 3 AT R AR AL AE 120,180 min AY & & # B By TN SR W

F4UET, TCie 78 B0 B ] &7 20 min, 30 min 40 min
B, R TR AL RMSE 4/ F HAY 4 #F :0) RMSE,
BTN AE 60 min fY [ 22 B H 5% 44 F B 30 min A,
RMSE 4 0. 15 KFHA 4 Firik iy RMSE, BA K E R
JE FOMAS Y AR B A 4 B %, TR B X REHE Y
TR TN AT R, v AKX A AT T e

5 & it

-l

B e [ 22 0w A v D RETRUR v 2 R R
T AT A 38 B4l R I b ke o U W LA R
IR A AT A DL Sl s | R B 22 TR G . AR ST
FORIATH ) AR e B A S B 247 3 M A 4, F —
ol TR B 2 o B4 H ) 8 il FEE S AR R Ay 3k 8]
TR JRE B RO, , AR SCSE B CNN 5 LSTM BEA T4

ASC LA AR E PRl A 1 A s A IR A W I
T S B R 38 s BT SO A R R A Y AR
TRARE AL, B IR ENEE i 2l KT, CNN ME LLHERA 27 2] 5L
PERAE s ki AFA K LSTM & K A R FH 4, i
PIASSC {8 ] CNN 5 LSTM AH T 45 45 3 % 75 0 A5 70 £ 47
et - S L S PR HE SR R 9-2-9 1) S s W I S HiE
PEATRERIYN G IR, 45 SR e 0, REHETY IR Aok
20 ~60 min 1435k T (B BE A AR SR 2 S

AR SCHE A L T LSTM 4 150 8 T8 00 A5 284 7] LA
TERL R K A 2 B ARAS 15 45 A FOUIN SRR i 9000 445 SR wT LA
WAL F 5 N SRR 2 i 2 56 1% B B R S, D
A6 % s i i b T I0 55 e S FUI TT R 4 A R A R
JER 3306 A 35T Bl 2R BUAT A58 it o HE B B IR, 1 2 46
e, NS PO TR R W 2R G ) AR 22U
KT A8 0 T T 25 SR ARG B T 1]



<172+ LSRR R e o $35%
& 3Tk prediction based on LSTM[J]. Aeronautical Computing
[1] BT AT, R AR S S ST R Tochnology, 2018, 45 (4) 10569,

(2]

(3]

[4]

(5]

[6]

(7]

(8]

HHX,2019(34) :177.
YANG J,
monitoring and fault diagnosis [ J .
Technology Wind, 2019(34) . 177.
XU KR 5K, S 3k T iR 22 IE ARMA-GARCH
Y (1 S 150 XU HE Sy AR FI [ 7], K BH B 2 4k, 2020,
41(10) :268-275.

LIU SH, ZHU Y L, ZHANG K, et al. Short-term wind
power error-corrected  ARMA-
GARCH model[ J]. Acta Solar Energy, 2020, 41(10):
268-275.

TR, BRI, S BT 2 NEHESI K PSO-
SVM )i i 2 Sl FRel ] [ 7] F -0 i 5 {0 4T
2019,33(7) :173-180.

NING Q, GENG D Y, WANG CH X, et al

Transmission line fault diagnosis based on multi-scale

ZHAO W ZH. Power equipment status

Science and

prediction based on

Journal of

2019,

permutation entropy and PSO-SVM [ J].
Electronic Measurement and Instrumentation,
33 (7). 173-180.

Mo, s , X . T it i LSTM 149 24 it it Y
JETN 5L ], T I S AR 44, 2019, 33 (1)
106-112.

CHEN L, ZHANG Y Y, LIU Y T. Prediction method of drug
temperature and humidity based on improved LSTM []].

Journal of Electronic Measurement

2019,33 (1) . 106-112.
SHIRVANI E. Analyses of the persian gulf sea surface

temperature ;

and Instrument,

Prediction and detection of the climate
change signals [ J ]. Arabian Journal of Geosciences,
2015, 8(4):2121-2130.

B, TS, AR BT SVM B PSO HIEHIH
Bk R R W AT [T ). T IR R, 2019,
42(21) : 53-56.

FAN H, NING B Y, HE S. Prediction and analysis of
cable joint temperature based on SVM improved PSO
algorithm [ J ].
2019, 42(21) ; 53-56.

INIE], JARR. BT B 22 I 285 14~V T S 1) i Tt
MLI]. FHEHLRGN T, 2020, 29(2) :248-253.
SUN W ZH, ZHOU ]J. Surface grinding temperature

prediction based on convolutional neural network [ J].

Electronic Measurement Technology,

Computer Systems & Applications, 2020, 29 (2).
248-253.
ik, BIREsE. JET LSTM Mfiias & shilHE< R E

HONLT]. A THEEEOR ) 2018, 48 (4) :65-69.
YANG H F, JIA X L. Aero-engine exhaust temperature

(9]

[10]

(11]

[12]

[13]

[14]

[15]

ZEAIN, 2. AL R B HERR T .
Rt TR, 2005, 32(1) :1-5.

LI H M, LI J Q. Summary of temperature calculation
methods and applications in electric motors[ J]. Journal
of North China Electric Power University, 2005, 32(1) .
1-5.

e ale s RUHR W, 45 3 T 6 AT AL IR Y i e 2R I
SR G D A MBS [ )], e S A g
#2,2020,34(3) ;81-87.

ZHOU ZH, ZHANG ZH K, ZHAO ZH G,

Research on wind deflection

et al.
angle monitoring  of
transmission line suspension insulator based on optical
fiber sensor [ J]. Journal of Electronic Measurement and
Instrumentation, 2020,34 (3) . 81-87.

TRAR BN, AR, S5 FE T 2R 55O6ET Bragg Yol
G BRI IE W R GE [ )], L0550 T 72, 2019,
48(6) :379-385.

ZHANG C, TAO Y, TONG X L, et al. Railway track
monitoring system based on identical weak fiber Bragg
grating array [ J]. Infrared and Laser Engineering,
2019,48 (6) . 379-385.

PR RKe T, WIRTT, & B TR YR B M
]y 370 S (B RGO 7 3k [ 0] ARG AR 2441, 2012,
33(9) :2080-2087.

SUWX, ZHU Y L, HUK Y, et al. Model-based outlier
detection method for process industry time series [ J].
Chinese Journal of Scientific Instrument, 2012,33(9) .
2080-2087.

SKHFG A, 2R, S T R A DN R 1
JGIN PR AR T B TR (T ], 2LAN SO TR, 2020,
49(8) :89-98.

ZHANG HT, TANGR F, LI ZH L, et al. Laser ranging
data preprocessing method based on array detection
technology [J]. Infrared and Laser Engineering, 2020,
49 (8) . 89-98.

JEE WRARCIEL. B T TR B2 A BR M 22 190 2% 1) B 7l 9 12
Wior ik (1] A7 W 5 AR 2 i, 2020, 34 (3)
88-93.

TANG B, CHEN SH SH. Bearing fault diagnosis method
based on deep convolution neural network [ J]. Journal of
and Instrumentation, 2020,

Electronic Measurement

34 (3): 88-93.

SPF R, TR T BRI LML 1 JE 1
AT AZBE AR ,2020,44(11) .34-38,44.

WU D, LIANG Q Y, WANG M Y. Spoken English

based on convolutional neural network [ J]. Information



12 3

[16]

(17]

(18]

[19]

Technology,2020, 44(11) . 34-38,44.

TR BEERE, B BR AR, 5. KT & LA 2K H AL T 4
TR TS MR ] XA R4, 2020,41(5)
242-251.

YIN SH, HOU G L, HU X D et al. Early warning and
identification of front bearing failure of wind turbine
generators[ J]. Chinese Journal of Scientific Instrument,
2020, 41(5) . 242-251.

SR, VUSRS T AE AR . 030 3 I 25 7 o0 46 XA 58
TAT B[ T]. 2050 5 3O TR, 2020, 49 (5) -
211-216.

PEI X M, FAN H J, TANG Y D. Two person interaction
behavior recognition in multi-channel space-time fusion
network [ J]. Infrared and Laser Engineering, 2020,
49 (5) . 211-216.

T =, 1 TS J . — AR A 43 B = 43 A 4
R SVM BB HO L[ T]. AL S 80y TR, 2020,
48(9) :2179-2184.

SHI H CH, XIAO H P, ZHOU J J. A bilinear piecewise
bipartite grid search for optimal parameters of SVM[ J].
Computer and Digital Engineering, 2020, 48 (9 ).
2179-2184.

KRETF IR0, Bk, TC B AR e PR AE I [R] 7 51 £
PEAZ I B R [0 ]. XA AR 4, 2014,35(4) :
834-840.

ZHENG B F, SU H Y, LUO L. The application of
unsupervised feature selection in time series data mining[J].

Chinese Journal of Scientific Instrument,2014,35(4) .

BT PR LSTM 1 B, g B s T J 2 F 5 173 -
834-840.

[20]  BRpRaE, R—9R EEIR. JE T ARMA R 01 72 4k

SR GRS MR [ )], AL SRR
2015,36(5) :1014-1022.
CHEN Q T, SONG Y R, HUANG Y J. Accurate
modeling and performance research of magnetorheological
vibration system based on ARMA model [ J]. Chinese
Journal of Scientific Instrument, 2015, 36 ( 5):
1014-1022.

[21] A, sk—W, B, S =S ECF ki o)
BRI [)]. MACH FH A, 2020,43(17) .
147-150,154.
HUANG W J, ZHANG Y F, HUANG Y. Research on
power generation forecast of thermal power plant based on
dynamic cubic exponential smoothing method [ J ].
Modern Electronic Technology, 2020, 43 ( 17 ). 147-
150, 15.

EE®E T

3K 39 7%, 2016 4F T AL R R A
b, O AL RUE BAHOR 2 i L A 5T
A, FEWEFE T 1) 09 N TR RE B A KU
73T,

E-mail :1921747075@ qq. com

Zhang Yufei received his B. Sc. degree
from Hebei Normal University in 2016. He is a M. Sc. candidate
at Beijing Information Science and Technology University now.
interests include artificial intelligence

His main research

technologies and data analysis.



