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Fig.3 The recognition effect of “cross” after enhancing the constraint condition
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Table 1 Experimental parameters

Parameter Numerical value
Experimental shooting height 13 000 mm
Camera parameters —
Resolution ratio 320X 240
Frame rate 30 frame/s
Focal length 18 mm

Surface parameters —
(line)30 mm X 200 mm
(dot)30 mm
(0,0,1),(4574,0,1)
(0,3788,1),(4574,3788,1)
Simulated explosion point coordinates/mm (2260,1129,1)

Cooperation marks size

Coordinates of cooperation marks/mm

Cooperation marks
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Fig.10 Overview of the infrared imaging platform and ground marker layout
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Fig.11 Experimental image set pattern

31 SERESKNKE

Oy 360 U A 3 0 249 A P R o A RS I Rk e SR SECR | 23 o) I 58 B B0k AR AL S YOL OV X 4x
b ot P45 0 A7 A 900 Bl A5 AR RS R I o A s o R R« T — TR A o A s B A R DS
— UIE B P 5 8 H A — b i R B A RO, BT B S Zpn i S AT AR

TS g, X331 1666 5K R Z — sE A7 A, B 9k BB G Tt — WU 4 58 o A PRGOS I 58 1), 7
Fe 7 A R AR T 2 1 RO AR B GE T A SR . IS AT A R L 12 R AR SRR S TR 2.

0110004-8



FREAR A5 LT LT A G K s o 0 ik T ik

100 - 98.2% 100.0% 99.1% 100.0%
88.0% 89.3%
79.3%
c\\o 80 - 766% 750% 789%
g 70.0%
s 60
2
E 46.3%
an
Q
g 40+
20F Enhgnced
Traditional
YOILOv8
0 1 1 1 1
Cross L Line Dot

W12 A SN HExkSE &5 HE % YOLOVS &l 4 Rt th
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Table 2 Statistical table of the success rate of recognition of marker points in motion

Enhanced convex hull ) -
Method used ) ) Convex hull detection YOLOvVS
detection of constraints

Number of “cross” successful detection 1636 1466 1276
Number of “L” successful detection 1666 767 1250
Number of “line” successful detection 1651 1314 1321
Number of “dot” successful detection 1666 1488 1166
Coordinate system establishment success rate 98.2% 46.3% 70%
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Table 3 Simulation-based detection results

Serial number Relative position of the camera Measured value
1 (87.45,245.07) (99.06,201.09)
2 (123.20,209.87) (99.07,199.07)
3 (65.60,165.60) (100.48,198.17)
4 (55.81,236.62) (98.55,199.88)
5 (110.11,220.81) (99.94,200.63)
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Table 4 Simulation—based error analysis

Parameter Enhanced Traditional YOLOvS
Average measured distance/mm 2236.3 2251.5 2240.2
Reference distance/mm 2233.1 2233.1 2233.1
Mean absolute error 0.806 2.41 1.36
Standard deviation 0.643 1.98 1.12
Relative error 0.14% 0.83% 0.32%
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Fig.13 Renderings of overall measurement results
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Table 5 Error analysis after correction

Parameter Enhanced Traditional YOLOvS8
Average measured distance/mm 1636.6 1648.5 1640.2
Reference distance/mm 1631.0 1631.0 1631.0
Mean absolute error 1.056 3.08 1.82
Standard deviation 0.802 2.15 1.36
Relative error 0.3% 1.1% 0.56%
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Explosion Point Localization Method Based on Infrared Imaging

GUO Huidong', LV Yaowen', DU Bojun®, SHAO Wenda', SUN Fangyu',
HE Zhaolong', HUA Shubin'

(1 Changchun University of Science and Technology, School of Electro-Optical Engineering , Changchun 130022, China)
(2 63850 Unit, Baicheng 137001, China)

Abstract: The accurate measurement of explosion point coordinates is a critical technology for assessing
weapon strike efficiency and damage effects in modern warfare. Traditional optical and acoustic methods
often suffer from environmental interference, high equipment costs, or a lack of real-time capability.
Furthermore, emerging deep learning models require vast amounts of classified training data and high—
performance computing resources, which limits their deployment on resource—constrained airborne
embedded platforms. To address these challenges, this study proposes an infrared image localization
method that integrates ground cooperative markers. The primary objective is to leverage the strong
penetration and anti—occlusion advantages of long—wave infrared imaging to achieve high—precision, real-
time explosion point detection within a lightweight framework, thereby eliminating the heavy data
dependency characteristic of deep learning approaches.

The methodology utilized a pinhole imaging model and a specialized set of ground cooperative markers—
including cross, L-shape, straight line, and dot—to establish a stable spatial coordinate system. To
facilitate marker identification on an airborne embedded platform, an enhanced convex hull detection
algorithm was developed. This algorithm introduced an adjacency constraint to merge points within a
2-pixel threshold, preventing the misidentification of a “cross” caused by imaging fluctuations.
Additionally, a maximum distance threshold of 18 pixels was established to distinguish between “cross”
and “L-shape” markers when they exhibited similar vertex counts. Characteristic points, such as the
centroid of the “cross” and the right—angle vertex of the “L.—shape”, were calculated using image moments
and geometric side—length comparisons to serve as the origin and axis points for the coordinate system. To
maintain stability during Unmanned Aerial Vehicle (UAV) rotation, a coordinate projection transformation
model using vector normalization was applied. Finally, a homography matrix was solved using singular
value decomposition to map detected explosion point pixels to their actual physical world coordinates.

Experimental validation was conducted through both simulations and practical tests at a height of
13 meters, utilizing an infrared camera mounted on a rotary base to simulate airborne flight dynamics. In a
dataset of 1, 666 frames capturing various angles and interference conditions, the enhanced convex hull
detection algorithm achieved a comprehensive recognition accuracy of 98.2% for the cooperative markers.
This performance significantly outperformed that of traditional algorithms, which struggled particularly
with the “L-shape” markers, leading to a much lower coordinate system establishment success rate of
46.3%. In simulation-based detection, the enhanced method achieved a mean absolute error of
approximately 0.01 meters with a relative error of only 0.14%. Practical experiments using fireworks to
simulate explosion points demonstrated that the system could maintain high precision even under the
influence of wind fields and thermal fluctuations. The average measured distance for the simulated
explosion point was 1 636.6 mm against a reference of 1 631.0 mm, resulting in a measurement accuracy of
0.056 meters and a relative error of 0.3%. These results indicate a substantial improvement in precision
over both traditional methods and the YOLOvS8 model, the latter of which was constrained by the small
target nature of the markers and limited training data.

The research successfully demonstrates that a refined traditional image processing approach can
effectively alleviate the data-dependency issues of deep learning in range—based applications. By combining
specialized ground markers with an enhanced convex hull detection mechanism, the method enables reliable
UAYV localization and stable spatial coordinate construction in a simple, embedded—friendly model. The
experimental outcomes confirm that the system is robust against camera rotation and background
interference, providing a reliable technical foundation for the accurate measurement of explosion positions.
While the current resolution of infrared cameras and the assumption of a two—dimensional terrain pose
limitations, future research will focus on improving accuracy with higher—resolution sensors and testing the
algorithm's stability on a dedicated fixed-wing UAV platform to account for real-world flight jitters and
complex terrain undulations.
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