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Methane Premixed Flame Equivalence Ratio Measurement Based on Feature Engi-

neering and Support Vector Machine

CHEN Changyou', FU Yuwen®, TU Peichi', SHU Wen', YANG Jiansheng'

(1. College of Electrical Engineering, Guizhou University, Guiyang 550025, China;2. Department of Logistics Engineering, Guizhou

Communications Polytechnic, Guiyang 550025, China)

Abstract: Flame equivalence ratio measurement using flame color modeling method, is an emerging
research direction in the combustion diagnosis technology. At present, the modeling methods mainly use
the blue/green color features (B/G) in the RGB (Red-green-blue) model as the modeling input, however,
the color equivalence ratio modeling by single color ratio fitting has large uncertainty and measurement
errors. Therefore, this paper proposes to use the multi-color feature parameters under different-color
models as the modeling inputs. Firstly, the digital flame color distribution (DFCD) technology is used to
process the methane premixed flame image and obtain the region of interest (Rol) of flame images.

Secondly, the flame color feature variables are comprehensively analyzed, and the multi—color features

ELTH : St AR = RIS (BRHE HERI[2018]1030); 529 48 & T BIHT AR BIF 57 2 42 (B #0E KY F[2021]012),
5 B #3:2021-03-12; 1817 H#1:2021-07-24
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under different color models are designed and extracted, which are 36 color features. Then, the Spearman
rank correlation analysis and random forest (RF) algorithm are used to screen out the deeper color
features, and 16 dimensional high-quality features are selected. At last, the optimal support vector machine
(SVM) parameters are selected using the grid search method (GSM). Furthermore, the equivalence ratio
measurement model of premixed methane flame is trained by SVM using the feature subset constructed.
The algorithm is compared with the traditional BP neural network and the extreme learning machine
(ELM) algorithm. Experimental results show that the algorithm has better regression prediction effect,
and the mean square error (MSE) decreases to 0.023.

Key words: equivalence ratio; feature engineering; support vector machine (SVM); Spearman rank

correlation; random forests; grid search method
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Table 1 Color features of flame image

B (0,75 [i]

S {0 R
o P R AIE
RGB R.G.B.R/G.R/B.G/R.G/B.B/R.B/G.R/(R+G+B).G/(R+G+B).B/(R+G+B)
HSV H.S.V.H/S.H/V.S/H.S/V.V/H.V/S .H/(H+S+V).S/(H+S+ V). V/(H+S+V)
YCbCr Y.Ch.Cr.Y/Cb.Y/Cr.Cb/Y .Cb/Cr.Cr/Y.

Cr/Cb.Y/(Y+Cb+Cr).Cb/(Y+Cb+Cr).Cr/(Y+Cb+Cr)

2.3 HHEEEF

FEAE JE B2 A 22 Bl REAE o 38 8 10 0 A AR AR AR, BB 42 0 SR AR IR TR A P i G A T 2

PR Sy A5 iE 1) 228 36 68 R 08 0T 7 R 6 40 6 L i 45T 8 1) 36 I P R B AT R 2 s ), 2 AR A A
’iﬁ“%i CJEMNZALRE S 2 D5 T . R I, A SCOR LT SpearmanT A ¢k 43 AT A1 B HIL 2% AR B vk
(Random forest, RF )" 145 & F- Be 52 BURRF Y [ 2k Ab B
2.3.1 T Spearman # 45 £ £ 4%

XF T REAE B2 IR 36 2 KOUA B0 RRAE SR G 1127 2] B8 v ) Spearman AH JE P 43 BT 51 BR TOARFRAIE
RI32 2 5 AE i A 5 B A7 2T DA JHG Al R A v 4 e of s A7 R — SR RR AR AT I A % 19 A5 R H A AR
PE , Spearman AH 5 28 B0 3 3 T RRAE 22 18] (19 AH 56 22 B0HE 17 077 28 1 AF DG PR 55 /I A R AE G BE AR 5T 38 oy

637
pSZI—m (D
Ko d, RORFRIT s NRIRHE AL & ; DL RGB B8 25 8] 524U (% 531687 AF 4 1), 18 55 0 12 4 506 R 4k
Spearman A 3¢ F ¥, 15 ] JCIA B RF AR 22 18] A 56 2 B0 FE N 3R 2 B
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Table 2 Correlation coefficient matrix between RGB color space features

-
%g R G B R/G R/B G/R G/B B/R B/G RIS G/S B/S
R 100 096 094 —022 —051 048 048 —048 021 051 —0.17 —042
G 096 100 098 —022 —032 026 030 —026 021 030 —002 —0.30
B 094 098 100 —007 —025 026 022 —026 006 025 —013 —0.18

R/G —0.22 —0.22 —0.07 1.00 0.53 —0.11 —0.56 0.07 —0.99 —0.41 —0.67 0.82
R/B  —0.51 —0.32 —0.25 0.53 1.00 —0.87 —0.98 0.85 —0.49 —0.98 0.19 0.89
G/R 0.48 0.26 0.26 —0.11 —0.87 1.00 0.85 —0.99 0.07 0.93 —0.61 —0.60
G/B 0.48 0.30 0.22 —0.56 —0.98 0.85 1.00 —0.82 0.53 0.97 —0.15 —0.91
B/R —048 —0.26 —0.26 0.07 0.85 —0.99 —0.82 1.00 —0.04 —0.92 0.64 0.56
B/G 0.21 0.21 0.06 —0.99 —0.49 0.07 0.53 —0.04 1.00 0.38 0.70  —0.80
R/S 0.51 0.30 0.25 —0.41 —0.98 0.93 0.97 —0.92 0.38 1.00 —0.32 —0.82
G/S —0.17 —0.02 —0.13 —0.67 0.19 —0.61 —0.15 0.64 0.70 —0.32 1.00 —0.20
B/S —0.42 —0.30 —0.18 0.82 0.89 —0.60 —0.91 0.56 —0.80 —0.82 —0.20 1.00
#:S=R+G+B.
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Fig.6 Importance ranking of flame color features based on RF algorithm
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Table 4 Comparison of performance results of different algorithms
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