WAz 3 2/ M xR % W Vol. 43 No. 3
2022 4F 3 H Chinese Journal of Scientific Instrument Mar. 2022

DOLI: 10. 19650/j. cnki. c¢jsi. J2108460

BT E RS 5 B 455 I B R
ok R T T T

REAR Y Fx25" 2FFE & B2 5k g2
(1. b T R RE IR ) RS R S S000 s Jbnt 102206, 2. Aedb iy SR Syl TRSEr  dbaT  102206)

O OE NI T R SO BRI b e e M S RAE JT SRS TS BAPR A AR R I iR, 48 1 —Fh B T TR
53 H iR ARG R e M S e i RAE . T S AR E SRR T T B A MGG AT A 2 BT ARAS 43 H S 4
15 BIFE MR BRI = AE VS TEME SR 0 A 1 SR AR TR X o7 1) B A B A A RPAE , TR 0 A S A i IE 2840 70 Z B Y KL B,
FIAZ KL B8 SE IR beda e PRI a8 5 AT, 7E0F ELIGUE AP | 38 4 X6 BE U BA B 1 A8 43 W 200 T 458 o A28 % ek s FEl 4 1) o
R, B S ETS B AR IR 22 0. 005 48 ; 38 o B SREAIL 45 L B R 2 S0, Ak 3 AN [ i B8 )RR s A e L I00 | B0niE T 3%
TR I 5 A WA P RO 50, PR MER 2R R 3R 92. 1% 5 38 i S IR TN 25 SR A9 LU, Wiy i B A B XA RGExt T I Y
SEFIBT T BE , FLBEAE 1 50 i S48, BEFEBRBERR JKHT 167 s 45 R BE R R BT, B — & B T RE R AN E

KR SRS BB ;2551 1 GRADas ; Fuh B s kg e v

FE 4SS THR9 TK227 XERFRIRAG . A E RIRAEFRS LD 470.20

Combustion stability judgment of power plant boiler based
on image convolutional variational auto-encoder
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Abstract ; To realize the quantitative characterization of combustion stability based on boiler flame images and overcome the training problem
of insufficient unstable combustion samples, a real-time and quantitative characterization method of combustion stability based on the
convolutional variational autoencoding model is proposed. First, the model is trained by using the flame images under stable combustion
conditions, and the high-dimensional latent probability distribution of the stable combustion image is obtained by using the convolutional
variational autoencoder. The distribution characteristics of the latent variables corresponding to the model are recorded, the KL divergence
value between the distribution and the standard normal distribution is calculated. The KL divergence is used to realize the quantitative
characterization of combustion stability. In the simulation verification, the comparison experiments show that the introduction of variational
inference theory can improve the reconstruction quality of the model for the combustion image, and the root mean square error before and
after image reconstruction is 0. 005 48. The accuracy and effectiveness of the evaluation method are verified through the experiment of
adjusting the coal feeding amount of the coal mill to artificially create the combustion conditions of the burner with different degrees of
stability, and the evaluation accuracy rate is as high as 92. 1%. The comparison results with the coal fire inspection and evaluation show
that the method has the quantitative judgment function of the coal fire inspection system for flame, and the sensing ability is more sensitive.
It can give the warning of combustion instability in 167 s before the burner fires, which has certain engineering application value.
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Fig. 1 Schematic diagram of the variational autocoding model
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Table 1 The architecture and parameters of

convolutional variational autocoding

effem ZHUE R LRE: 1
Conv2D+ELU k=3x3;d=32;5=1;p=1 (128,128,32)
Max-pooling k=2%2;5=2 (64,64,32)
Conv2D+ELU k=3X3;d=16;5=1;p=1 (64,64,16)
Max-pooling k=2%x2;5=2 (32,32,16)
Conv2D+ELU k=3x3;d=8;s=1;p=1 (32,32,8)
Max-pooling E=2x2;5=2 (16,16,8)
Conv2D+ELU E=3x3;d=4;5=1;p=1 (16,16,4)
Max-pooling k=2x2;5=2 (8,8,4)

Flatten - (256)
Linear+ELU Fully Connected (30%2)
Reparameterization Get z (30)
Linear+ELU Fully Connected (256)

Reshape - (8,8,4)
Conv2D+ELU k=3x3;d=4;5=1;p=1 (8,8,4)
Upsampling k=2%x2;5=2 (16,16,4)
Conv2D+ELU k=3x3;d=8;5=1;p=1 (16,16,8)
Upsampling k=2x2;5=2 (32,32,8)
Conv2D+ELU k=3x3;d=1655=1;p=1  (32,32,16)
Upsampling E=2x2;5=2 (64,64,16)
Conv2D+ELU k=3%X3;d=32;5=1;p=1 (64,64,32)
Upsampling k=2%x2;5=2 (128,128,32)

Conv2D+Sigmoid k=3%x3;d=3,s=1,p=1 (128,128,3)
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