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Video Flame Detection Algorithm Based on Improved GMM and
Multi-Feature Fusion
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School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China

Abstract Aiming at the problems of incomplete foreground extraction, low accuracy, and high false detection rate
of the existing video image flame detection algorithms, a video flame detection algorithm based on improved
Gaussian mixture model (GMM) and multi-feature fusion was proposed. Firstly, for background modeling, an
improved GMM method with adaptive Gaussian distribution number and learning rate was proposed to improve the
foreground extraction effect and algorithm real-time performance. Then the flame color characteristics were used to
filter out the suspected flame regions, and local binary pattern texture and edge similarity features were used for
flame detection. Based on support vector machine, a flame fusion feature classifier was designed and compared.
Experimental results on the public datasets show that the algorithm proposed in this paper effectively improved the
background modeling effect. The flame detection accuracy reached 92.26%, and the false detection rate was as low
as 2.43%.
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Fig. 2 Frame capture of flame video sequence. (a) Indoor flame; (b) outdoor flame; (c) forest flame
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Table 1 Comparison of algorithm processing speed
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Fig. 3 Original and foreground renderings. (a)(b) Original image; (c)(d) traditional GMM foreground extraction map;

(e) () improved GMM foreground extraction map
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Table 2 Comparison of false alarms

Algorithm  Fig. 2(a) Fig. 2(b) Fig. 2(¢c) Average
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Table 3 Comparison of missed inspections
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Fig. 4 Feature extraction flowchart
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Fig. 5 Original images and LBP histograms. (a)(b) Flame images; (c¢)(d) fire-like images; (e) histogram extracted from

Fig. (a); (f) histogram extracted from Fig. (b);

(g) histogram of extracted from Fig. (c¢);

(h) histogram of

extracted from Fig. (d)
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Table 4 Target similarity comparison
Target 1 2 3 5 6 7 Average value
Flame 0.7020 0.7764 0. 6986 0.7356 0. 7204 0. 8016 0.7932 0.7468
Sunrise 0.5075 0.5108 0.5596 0. 5845 0.5655 0.6019 0.4912 0. 5459
Headlight 0.2301 0.2422 0.2499 0. 3047 0. 3881 0.1963 0.2943 0.2722
Candle flame 0.9457 0. 8536 0. 8983 0. 8203 0. 8915 0. 8294 0. 8231 0. 8660
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/s BTS2 B AN S D BRN R 5 AR P S A AR
JELY N 0.5 5 W Jeb KCHEHRR IR 7 A AR A 24 30 el

LA A i DRSSP 2440 0D RZ o i 5 200 5 A DL JRE R i

A LA 7355 R AR B 1B 22 ) 50K A 26 K H A

P Bl i 44T &7 BHAE ) L (H T 12 X 73 4 o K8 45 5
AT SRR BE (AR 3T A 26 2K H A, O I AR SO 46
B HEAb R A N SRR AR A S R AT X 2
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4 LY LR Ko b

h TS UEAS SCRL AR AR R BOR AR 1
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AR S KR R0 ST 36 feft P % R R ok B i S
B K% CVPR L &7 + B H /R & K2 SPG
TARLLY RIS E NIST 9 58 50 56 2 45 B
AR [ BB 455 8 43 DA TR A BB A A0 00 5 0 L A 9 K
OB 39 Bt (9764 frame). T 40 ML H 12 B
(1825 frame) , I H L &N ZI AT =T 5
Eﬁ%ﬁu\ﬁ/ﬁmﬁlé’akkau&ﬂ%kﬂ\iﬂ\ﬁjﬁn
J7E RAE TR E AR

AR B8 AL K DX 34 B3 €2, | Btk LBP 4
BRI 1 AR AR AT, B 508 30 Ao B 0 R A B 4
KKz HARW T, IR G B0 LBP S 3l
SRR BE R ARG 11 e X =[H,, H,, -,
H, .E,. 1./} SVM E’J%A%ﬁﬁ%:ﬁﬂdﬁﬁ
25 BEBEAR ) F A R B AR 5T DR A S B0 G
K 728 o uE v 4K 13, e & C =17. 2318, p =
0.0817, ML % B 800 frame KA, Ho il 2k
4E 480 frame, )& 260 frame KIFFEA, 220 frame
AEKIEREAR s MK 4 320 frame, & 180 frame K
YEREAS , 140 frame FF KIGREAR

R T VA AR SO A B S 1 AP L R
Z AT T B0 E 8 3 UARAE A T ] 6 i

6 gL,

Ca) ZEAP KM 5 (b) 3 N KM 5 (o BRAR G s (DT BIAT A5 (o) TR RS 24T 5 (D TN R Y 52 0 4T

Fig. 6 Experimental videos. (a) Outdoor flame; (b) indoor flame; (c¢) forest flame; (d) walking pedestrians;

(e) flashing car lights; (f) flashing neon lights

X OB I A 4 SR L6 1 0t J2= W 3R 26 i AT K
YA TN 05 SCHERLO 1 22 AR Rl 19 e TR B30 3
SCHRES JCodebook B M J 6 R 30k, 6 ML 6 B
SR A B TR 4 SR R AT X B R 5 A6 TR,
Forp MF A T A T80 B KO B R A 00 A I KO0

RS KM

s, TP AR 2 e TE W 20 28 S KM B9 i 5 A
WIRCR o . 36 AR OB A A T 45 5L L FF
PRI TRAG UK, BRIV AR K e 8 52 ARG Ay I )
FN AR SR BER 73 28 S R 10 TR o s it 2 iy
"o,

BRI

Table 5 Comparison of flame video detection results
. Video Fire Ref. [6] Ref. [9] Ref. [5] Proposed method
Video frame frame MF TP /% MF TP /% MF TP /% MF TP /%
Fig. 6(a) 208 198 6 92. 31 9 90. 87 10 90. 38 4 93.27
Fig. 6(b) 368 350 5 93.75 4 94. 02 8 92.93 2 94.57
Fig. 6(c) 217 199 14 85.25 1 91.24 15 84.79 6 88. 94
Average - - - 90. 44 - 92.04 - 89. 37 - 92.26
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F 6 AR SIS I 45 2R X b

Table 6 Comparison of non-fire video detection results

‘ Video Fire Ref. [6] Ref. [9] Ref. [5] Proposed method
Video frame frame FF FN /% FF FN /% FF FN /% FF FN /%
Fig. 6(d) 148 0 5 3.38 3 2.03 4 2.70 3 2.03
Fig. 6(e) 187 0 9 4.81 12 6.42 10 5.35 3 1. 60
Fig. 6(D) 273 0 15 5.49 5 1.83 18 6.59 10 3.66
Average - - - 4. 56 - 3.43 - 4. 88 - 2.43
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