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Flame height measurement of transmission lines wildfire based on
YOLOV9-SOEP and binocular stereo vision
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Abstract: To address the technical challenge of measuring flame height in wildfire monitoring and risk early warning for transmission
lines, this study proposes a method for measuring wildfire flame height by integrating the YOLOv9-SOEP algorithm with binocular stereo
vision. Based on the YOLOv9 network architecture, the method introduces a small object enhancement pyramid ( SOEP) module to
construct an improved YOLOv9-SOEP target detection algorithm tailored for transmission line wildfire scenarios. To overcome the issue of
weak texture features in flame images, a phase consistency method is adopted to achieve high-precision feature point extraction and
matching in binocular wildfire images. Finally, a comprehensive flame height measurement model for transmission line wildfires is
established through 3D coordinate transformation of feature points and pixel ratio calculation. Experimental results demonstrate that the
improved YOLOv9-SOEP model achieves an average precision and recall of 85% and 89%, respectively, representing improvements of
4% and 19% over the original model, effectively addressing the issue of missed detection for small flame targets. The phase consistency-
based stereo matching method effectively preserves the detailed features of flame targets in depth maps, achieving a matching accuracy of
92% while ensuring sufficient feature points. In simulated wildfire flame height measurement experiments, the measurement error was
controlled within 6. 48%. The proposed method provides a reliable solution for flame height measurement in transmission line wildfire
monitoring and risk early warning.
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Fig. 1 Overall framework of flame height

measurement method
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Table 2 Performance comparison of different

object detection networks

ENFRLI] P/% AP@O0.5/% R/%  Paras/(x10°)
YOLOv5s 69 70 68 9.2
YOLOv7s 77 74 71 11.0
YOLOv9s 84 81 70 7.2
YOLOv9-SOEP 87 85 89 7.6
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Object detection results of some images

Fig. 11
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Table 3 Performance comparison of different

stereo matching algorithms

s

RGN R Lo Right P/ % T/s
NGMM 805 841 74 35
ORB 344 313 51 10
ORB-PROSAC 361 366 62 19
[lGiiA=RES 652 681 92 17

F 52 56 485 SR AT 0, ORB 4 i 4 BP0 A A1 o B0 35
D TR B TR 5 R AT AR B 4 AL, BRI
D i Bisf 8] 45 %6, {H DT B2 o B % 48 I ; ORB-PROSAC &
ORB B35 Rkt RUAS , 78 J5U 5335 9 3L Atk A PROSAC
AR X DC I 5 AT D, 3 b O 3 A AT o5 3 T
Pl 5 H R AR 5 7 A D G A v e %6 L Pl T LA B R

REOE SRR 0 R, JIT AT ASTE B 4 Fi e B 1Lk g 5
AHXT T ORB-PROSAC #1 ORB %45 %: , NGMM 53 % 3 4+ 1%
TIVRFAF £t £ BOAC i 7 DG e o i R A T4 o (RS 80T
VC RS R A EE G0 o 5 A A A — B0 1) S R DR i
J5 B AEARIEVC BCACR I (R, SR 3 1 488 i (9 D e v

SRy S0 UE SCHE ST AR DG e B9 A MR 2F— 20 AR BROR
(EIDOEER 7S et s VI e B a7 (A ST e e a e R (=R DI
R S 0 %5 2, SR P4 {1 0 0k X 5 A0 R B iR AT
PEARAL B 1717 A2 J R 25 R B AN 1] 12 13 iR, W
ST ZE ST A TR A — B 0 SE AR VT BC 5 ik BE S 4
T PR B AN S IE A O B 1ok 5 5 A — Bk
HORRAE SR 5 R AE 34, 42 T T S I e s 4 S Ay IX.
Sl P W R DC JCAS B

K12 BREZIEAN T
Fig. 12 Details of depth maps
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Fig. 13 Overlay of the original image and the depth map
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Fig. 14  Matching effect of feature points in simulated mountain fire images
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Table 4 Experimental results of simulated

flame height measurement

AH KGEBEES/m SERREEE/m WEREE/m MXHRE %
1 11.5 1.45 1.36 6. 21
2 11.5 3.42 3.40 0.58
3 11.5 4.84 4.65 3.93
4 15.0 2.36 2.30 2.54
5 15.0 5.67 5.36 5.47
6 15.0 9.36 8.78 6.20
7 20.8 5.25 4.91 6.48
8 20.8 7.89 7.45 5.58
9 20.8 12.22 11.90 2.62
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