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Fig.1 Original image of water wall tube
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Fig.2 Inverse image
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Fig.3 Gamma transform
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Fig.4 Image with enhanced contrast
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Fig.5 Schematic diagram of neural network structure
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Fig.6 Output structure of deep neural network
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Table 1 The meaning of each part of
the loss function formula
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Fig.7 Output of image
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Table 2 Test set prediction results

S feBir: IR Z M
FEA K 50 50
RN AS 52 4 B 3 0
AR 5 2
R R 8 2
HER 2/ % 84 9%

22 R RGN AN S A R DA Bk T LS ) 215
3V R DR, (ELAN BB 2 A L AR 4 DX I

FEAS S DRAVRCRE D B33k 58 4 A R N 3 R R AR
B, B RBON AT A BH Z A

S0 R SR FH B A2 G T % 2 R R A DC TS 5 4R
SRR DX IS, AR D iC 2 3 S8 N AR — e K/
5 DI MR, SR I A WO Sl R A L A TR (R ik
A HCAE , AR 5 ZR K R m) DX A 4 X

M2 T LAE R RAEA SR T IR
P28 S B 7 FE AN A 58 A AR AR T AL 5807 7
FEAERIN AN 8RR, TR JEE o 22 190 208 31 AT
1R O RGUE 1R 19 AT S s FEBRABOR: | TRBE M 2 )
RERBRARCR /D TR GO R RO, B
B VR A o TR RE P 2 ) 2 SR A TN R R R
ARV R TR G 3k, A5 DN A b i FT00 of it R 0K
3 96% , SLBL T AR 4% DX I AR A ME TN , 5 2 M B
SR

5 #iE

B ST T AR DX A AN R, %o o e (%]
F AT E AR TR B (R] | A SHURE BE AR Y a] 8, S
$i H T R R A 2 IR 245 ) A DX SRR I O 1.
b (NS ARG R H 3 N TR Y A A 1 5 O el [
PRI FURE , $i o BRI R B2 o AL LS 1Y (]
B A TR FE 27 > 2% AR i A5 i s 7 e 5 56
F PG AR AR, R 0 5 A% DX BT B AR XS T
MR VC i 2 A GE (0 PR A AE 48 R 7 vk, 3 T IR 2 2]
) AR5 DX 45 2R ik EL A B vy ) D T o M e Ak
AR, SCH IR AE B A A Je R I 45 T 2
AT RB N TS, Re A S = TARRCE . H3cH
R B BIR R BN, AR TR Y AL S
HER R LIRS 5T o
S 230k
(1] 3KIRIE. 1 000 MW R PR G A LA TR A4S s JGB AT
SAHLT]. L H TR R ,2019,38(2) 1159-162, 168.
ZHANG Sumin. Engineering characteristics and operation analy-
sis of 1 000 MW secondary reheat ultrasupercritical unit[ J]. E-
lectric Power Engineering Technology,2019,38(2) ; 159-162,
168.
WAE , BN AL, 55, — i B 0 d I B 132 7 1) # £
AT T]. M) TR AR ,2018,37(3) : 1-6.
SHEN Qian, XIAO Jie, YANG Hongquan, et al. Method for de-

[2

(R}

termining heat load distribution of boiler in width direction of
furnace[ J]. Electric Power Engineering Technology, 2018, 37
(3):1-6.

/NEL ARER R, Ehak e, I TR AP 7K v BE N I 7K 3 1 ¢
HeAMHTLT]. TR R4 ,2019,40( 10) :2334-2339.
HAO Xiaohong, XU Peiying, MA Dafu. Analysis of hydrodyna-

[3

[}

mic characteristics in water-cooled wall of supercritical boiler



195 FALNE A BT IREE A 2] I R L 1V K RS I R AR

[J]. Journal of Engineering Thermophysics, 2019,40 ( 10) .
2334-2339.
[4] Fk—1, £%, A3CHI, 4. 300 MW il 5t — A AL i b <
I RERR AR [T]. P E LT AR ,2019,39(6)
1700-1706 ,1866.
ZHANG Yifan, WANG An, BAI Wengang, et al. Aerodynamic
characteristics and wall temperature distribution of a 300 MW
supercritical carbon dioxide boiler [ J ]. Proceedings of the
CSEE,2019,39(6) :1700-1706 , 1866.
WRIGEW] , E B, 48 T HEA I 2l A s ORI i 8 ik [T ).
FRRP A 4 AR , 2018 (2) :59-60.
CHEN Xiaoming, WANG Jianshe. Method for accurate determi-

[5

[}

nation of welding root or residual height of pipe root[ J]. Special
Equipment Safety Technology,2018(2) :59-60.

(6] X5, 5/, b v, JET9 5% 22 70 5 Wita) 22 70 19 F bz

Rl ek 50k (1], A s kAR 551, 2018,37(10) - 89-
92,96.
WANG Mengju, WU Xiaolong, DU Haitao. Improved target de-
tection algorithm based on background difference and frame
difference [ J ]. Techniques of Automation and Application,
2018,37(10) :89-92,96.

(7] wemeng , X ki, o4k 8. 456 1 5% 28 0 506 L i AR

ABGAK [T ], WL R 2= R (LE ) 2018,52(4):
649-656.
GAO Penghui,ZHAO Wufeng, SHEN Jizhong. Mutation detec-
tion of crowd status based on background difference and optical
flow method [ J]. Journal of Zhejiang University ( Engineering
Science ) ,2018,52(4) :649-656.

(8] S, 2 B, 55, JETXIFRIWEFI 3T SRy

T NP 491 8 h Al [T]. R A Rar 24l ( B AR
i) ,2017,47(4) :685-690.
PENG Bo,CAI Xiaoyu,ZHANG Youjie, et al. Automated drone
video vehicle detection based on symmetric frame difference and
block background modeling[ J]. Journal of Southeast University
(Natural Science Edition) ,2017,47(4) :685-690.

[9] WANG Lihui, YANG Yu,SHI Jiachen. Measurement of harvest-
ing width of intelligent combine harvester by improved probabi-
listic Hough transform algorithm [ J ]. Measurement, 2020
(151).1-7.

[10] ZHONG Lijia, LI Dejun, LIN Mingwei,et al. A fast binocular

localisation method for AUV docking [ J]. Sensors, 2019, 19
(7) :1735-1740.
CUL] AP BRAT RS, SR 4T A1 i X0 L8 2 % 5E AL F 5
[J]. 7 5 {242, 2018,32(3) : 1-8.
FU Peng,CHEN Xindu, WU Lei. Research on absolute positio-
ning of binocular vision based on corner points[ J]. Journal of
Electronic Measurement and Instrument,2018,32(3) :1-8.
[12] SROCH:, BRte 2k, 55, T 20 A PABUIR 0 S A I 5 vk 1)
INE R RDTF[T]. R MR 4R, 2019,50(4) :36-
41,48.
ZHU Wenjing, CHEN Hua, LI Lin,et al. Classification of wheat

leaf rust based on infrared thermal imaging edge detection al-

gorithm[ J]. Transactions of the Chinese Society of Agricultural
Machinery,2019,50(4) :36-41,48.

[13] ZJbAi, PG 2. ik T4 B 228 190 2% 1y A A G 00 0 i
PUIRGELT]. LS BRE,2019(12) . 72-77.

LI Zhaotong, SUN Haoyun. Ship detection and ship plate re-
cognition system based on full convolutional neural network
[J]. Computer and Modernization,2019(12) :72- 77.

[14] OPROMOLLA R,INCHINGOLO G,FASSANO G. Airborne vi-
sual detection and tracking of cooperative UAVs exploiting
deep learning [ J]. Sensors ( Basel, Switzerland ) , 2019, 19
(19) .4332-4359.

[15] . X SPE i LA IR A Sy im [T ]. IR 5E L1t
BL,2017(3) :50-59.

HAN Jianguo. X-ray equipment working principle and develop-
ment direction[ J]. Concrete World,2017(3) :50-59.

[16] HEEMOON C,YOUNGJIN L. Preliminary study of total varia-
tion noise reduction algorithm with highenergy industrial X-ray
imaging system in nondestructive testing field[ J]. Results in
Physics,2018( 10) :348-352.

[17] TEJBAHADUR C,KESARI V. Analysis of quantum noise-re-
ducing filters on chest X-ray images:a review [ J |. Measure-
ment,2020( 153) . 1-23.

(18] Whcse, #0718, SOM:, 45 B6F B 7 B U8 e o v
RN R T]. &R 5T % ,2019,39(9) < 141-145.
HUANG Youliang, SUN Guangtong, ZHAN Sheng, et al. De-
noising of blast furnace slag particles based on adaptive median
filtering [ J]. Mining Research and Development,2019,39(9) .
141-145.

[19] Ihess, B0 B0, 45, — FhBCHE S (B 10 B3 7 P (B D%
PR T]. M2zl ,2019(3) :53-56,90.

SHUAI Murong, LIAO Xiuying, CHENG Hui, et al. An impro-
ved mean adaptive median filter algorithm[ J]. Bulletin of Sur-
veying and Mapping,2019(3) :53-56,90.

[20] &5, Bbest, 5T, 45, 46T NSCT Al CLAHE 4 FL iR §H 4

X 2GRS g 3 1 [T ). S HR , 2018,44 (1)
6-12.
GU Yu,LYU Xiaoqi, WU Liang, et al. Microcalcification point
enhancement method of mammary molybdenum target X-ray
image based on NSCT and CLAHE []J]. Optical Technique,
2018,44(1) .6-12.

[21] &%, RZEWM ,MURPHEY Yi Lu . #:F YOLO #1 RRN fyiz
S AR REE T[] RIS ¥, 2019,40(7) ¢
2019-2025.

GAO Jun,ZHU Honghui, MURPHEY Yi Lu . Moving target
tracking method based on YOLO and RRN[ J]. Computer En-
gineering and Design,2019,40(7) :2019-2025.

[22] BAfl%e, AT, XU e, 4. BT YOLO ¥ B2 & Bl 22 M)
RIS A R T LA RN E NI [T]. ARl TR,
2019,35(3) :164-173.

ZHAO De’an, WU Rendi, LIU Xiaoyang, et al. Robot picking
apple positioning under complex background based on YOLO

deep convolutional neural network[ J]. Transactions of the Chi-



A LBRA

196

[23]

nese Society of Agricultural Engineering, 2019,35 (3) : 164-
173.

RRAET, GAE, X, 5. 455 YOLO 6 Fig 3431
e bl I [T ). TR B T S EDE 224k,
2019,31(1) :126-131.

WU Tianshu,ZHANG Zhijia, LIU Yunpeng, et al. Driver seat
belt detection combining YOLO detection and semantic seg-

mentation[ J]. Journal of Computer-Aided Design & Computer

ramic multi-target detection based on improved YOLO algori-
thm[ J]. Computer Engineering and Design,2018,39(10):
3259-3264,3271.

L MEC1979) B L #EE W LA S
Ui, A 55 1) R SRR B s Ak L BE 45 Ak
ST A BE 2 (E-mail; wlhseu @ 163.

Graphics,2019,31(1) :126-131.

com) ;

] B, B, XU TR, % BT R YOLO 533k i 42 i ZEUN (1994) , 55 WL AR 38, W5 05 1l

Z HbREm R ], AL TR 5 53t,2018,39(10) ¢
3259-3264,3271.
CAI Chengtao, WU Kejun,LIU Qiufei, et al. Real-time pano-

P TR | [ (R AL 2 5

RN R S R AL PR AR

Image detection on welding area of cooling water pipe

in power station based on deep learning
WANG Lihui', QIN Chengshuai', YANG Xianbiao®, SHEN Qiucheng'
(1. School of Instrument Science and Engineering, Southeast University , Nanjing 210096, China;
2. Jiangsu Frontier Electric Technology Co.,Ltd.,Nanjing 211102, China)

Abstract ; Aiming at the problem that the weld area of the power station cooling pipe ray image has low contrast, the features are
not obvious, and the traditional method is difficult to achieve an accurate search, a method for searching the power station
cooling water pipe weld seam area based on deep learning is proposed. Contrast-limited adaptive histogram equalization
(CLAHE) is used to limit the amplitude of the statistical histogram of the image and suppress the amplification of noise to
obtain the cumulative distribution function( CDF) of the histogram to correct the low contrast of the image. The 24 convolutional
layers of the deep neural network are used to extract the features of the input image ,and the 2 fully connected layers predict the
image position and class probability to achieve the detection of the welded seam area of the water-cooled wall tube and overcome
the problems of the traditional template with low accuracy and high time complexity. The 100 refrigeration tube ray pictures were
divided into training set,validation set and test set according to 4 :1:5. The training set and validation set are used to train the
deep neural network , and the position of the welding pipe area of the refrigeration pipe is predicted using the trained model. The
experimental results show that the method of searching seam area based on deep learning can realize the precise search of the
weld seam with an accuracy rate of 96% and high search efficiency and accuracy.

Keywords : cooling pipe of power station;weld area;deep neural network ;ray picture ;deep learning
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