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Characterization and identification of static and dynamic hammer tail

characteristics in infrared temperature field of leaking steam

Wu Tao, Xiong Cancheng, Li Cong, Xu Yuanyuan, Li Shengping
(Department of Mechanical Engineering, Shantou University, Shantou 515063, China)

Abstract: To make intelligent identification of leaked steam in complex industrial field, a temperature field
characterization and recognition method using infrared vision technology is proposed. The steam leakage process
is simulated to reveal the occurrence and development characteristics of its temperature field, including diffusion
characteristics, hammer tail characteristics, dynamic characteristics, and centrality characteristics. The
temperature layer of steam temperature field is extracted, the detailed characteristics of temperature distribution
are analyzed, and the variable scale gray processing method is proposed to realize the high-definition image
representation of steam infrared temperature field. To improve the identification speed and accuracy, the MASK-
RCNN model is established to make deep learning and dynamic mining of hammer tail image features of leaked
steam. In this way, the recognition accuracy of single hammer tail is about 90.71%, and that of the overall
algorithm is up to 99.93%. The algorithm is tested with leaked steam recognition in power plant equipment
operation. Results show that time consumed to process 5 consecutive frames is about 0.50 s, and steam leakage of
various particle sizes can be identified quickly and accurately.
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Fig.3 Influence of leakage pressure, leakage amount and leakage direction on temperature distribution

—04-02 0 02 04

0
-04-02 0 02 04

0
—04-02 0 02 04

—04-02 0 02 04

—0.4-02 0 0.2 04

X X X X
(a) 0.02's () 0.04 s (¢) 0.06 s (d) 0.08 s (€)0.10's
1.0 - 1.0 1.0 1.0 1.0
0.8 | 0.8 | 0.8 | 0.8 |
0.6 | 0.6 | 0.6 0.6
=~ B~ B~ =~ o~
04 04 | 04 | 04
02 F 02 F 02 F 02}
0 0 0 0 0
-02 -0.1 0 01 02 -02 -0.1 0 01 02 -02 -0.1 0 01 02 -02 -0.1 0 01 02 02 -01 0 0.1 02
X X X X X
(£0.02's () 0.04 s (h) 0.06 s (i) 0.08 s () 0.10's

P 4 it TR SR B A B
Fig.4 Influence of turbulence scale on temperature distribution

IR E 98 B A 10 mm BF, 7R J7 2R 0.15 MPa, 0.2 MPa
PAJ 0.25 MPa 25750 Y . ] WLBE#E s ) 148 7 3

FLFEH LR, 2R TR AL BE 2 Y i e R
AN, BB RYI AL . T S(a)~(c) 73 s B

20220179-4



s Gk A2

%124

www.irla.cn % 51 %

(a)0.15MPa (b)0.20 MPa (c)0.25MPa (d) 5 mm

(e) 15 mm

(f) Horizonal

(g) 45° inclined upwards

P 5 ATl I L it e LA R i 7 1) R 2R oA O

Fig.5 Temperature distribution of leakage steam under different leakage pressure, leakage volume and leakage direction
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Fig.14 Frame diagram of Mask R-CNN
(1) & 3 R A A 25 ]
B 2%l B TR R AT —AE AR AL B, RS iR Oy x1 BBREVHER
200 pixelx100 pixel, RHE 377 5K 2 EMGAE b kR Tab.1 The results of data set segmentation
ﬁzlg%, ﬁi JH labelme j:]‘;ﬁ;/ét’ g&%ﬂu@ 15 7R o Label name Total Training data Validation data Testing data
data (70%) (20%) (10%)
Total data 377 265 75 37
Hammer-tail 349 244 70 35
Not a
hammer-tail 28 21 3 2

(2) Mask R-CNN [¥ 2% 4244 55 i F& R fiE 7R

e ResNet50-FPN 2H 107 T 0 X i A 1) U &8 )2
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Fig.15 (a) Binarization processing; (b) Dimensional adjustment;

(c) Labeling
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Tab.2 Main relevant parameter settings

Parameter name Parameter setting

Number of FPN network layers [256, 512, 1024,

and output layers 2 048], 256
Transform scale parameters [0.25,0.125, 0.062 5,
of FPN network 0.03125]
Number of RPN channels and threshold 256, 0.5
Positive and negative 0.7.03

ToU confidence

x3 IGER
Tab.3 The results of training
Model The number of iterations Learning rate Accuracy rate
Training one 12 0.00125 0.9071
Training two 12 0.0025 0.8307
Training three 20 0.00125 0.9045
Training four 12 0.00062 0.8975
Training five 12 0.00080 0.8790

(2) (b)
K16 (a) FIBTAEERE; (b) HIWEHER

Fig.16 (a) Judged as hammer-tail; (b) Judged as not a hammer-tail

5 FERBEZWIEXZSNK

(1) &R B A HHR R AR

el X B ot ] 452 w0 e A R R A P LA R G 8 22 i
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Image acquisition,
temperature field extraction,
thermal noise processing

Variable scale
extraction processing |

Mask R-CNN model
identification N

6 adjacent hammer tail
frames are accumulated

Identification of diffus
ion characteristics

Identification of hamm-
er-tail characteristics

Iden tification of dyna-
mic characteristic

Y

The result is
not steam

Prediction of steam
leakage direction

Output result

K17 ZERIRE R AR AR

Fig.17 Flow chart of steam temperature field identification algorithm
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a,, a; Ml as, ¥ & 20(a), 20(b), 20(c); LA K& B % &2
3 NEIEZ b, byFlby, X & 20(d), 20(e), 20(f).
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Fig.18 Steam experimental platform
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Fig.19 Original image and two consecutive infrared image
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Fig.20 Variable scale extraction processing
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Fig.21 Results of Mask R-CNN network model identification
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Fig.22 Judgment results of diffusion characteristic
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Fig.23 Judgment results of dynamic hammer tail characteristics
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Fig.24 Prediction results of steam leakage direction
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