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An Improved Template Matching Algorithm for Infrared Cross-
Target Center Positioning Based on Self-Constructed Convolution
Kernels
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(College of Metrology Measurement and Instrument, China Jiliang University, Zhejiang 310018, China)

Abstract: Target center positioning is a critical technology in the calibration process of infrared thermal imagers. Given
the relatively complex morphology of target images, we propose a center positioning algorithm based on improved tem-
plate matching with self-constructed convolution kernels. The algorithm first constructs a normalized template with tar-
get image features and performs matching operations on downsampled and preprocessed target images to obtain coarse
positioning results. Based on the coarse positioning center, the original image undergoes ROI fine matching, and fur-
ther correction is achieved through a subpixel subdivision algorithm, ultimately determining the precise target center po-
sition. This algorithm effectively detects target images with blurring and indistinct edge features, avoiding interference
from blurring, occlusion, complex backgrounds, or indistinct features. It demonstrates good robustness, accurately po-
sitions the target center, and operates at high speed. Compared to traditional template matching methods like CCORR,
NCC, and Hough transform, it offers significant improvements and meets the positioning requirements in the automatic
calibration process of infrared thermal imagers.
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Fig. 1 Flowchart of the improved template matching algorithm
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Fig.2 Two Typical Infrared Cross Targets: (a) Nested crosses in a cross; (b) nested dots in the cross
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Fig.3 Schematic diagram of positioning deviation due to cross deflection: (a) Original image skewed, convolution kernel unbiased, cross

within picture range; (b) original image skewed, convolution kernel unbiased, cross out of picture range; (c) original image skewed, convolution ker-

nel skewed, cross out of picture range
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Fig. 6 The results of the algorithm in this paper are illustrated
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Table 1 The test results of the four algorithms on

the above test set

CCORR NCC Hough  &XHME
Kt 5 100%  100%  100% 100%
I 7 ®E(px)  -0.45 -0.5 -0.5 -0.01
PRz (px)  0.224  0.324  0.649 0. 045
(AR 100%  100%  100% 100%
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FrifE2E(px)  0.366  0.224  0.447 0
Kt 5 100%  100%  75% 100%
ANEFR BWEG(px)  -0.5 -0.5 -0.303 0. 005
2= (px) 0 0 0.416 0. 022
K 5 0% 100%  100% 100%
BUE < 172 (px) — -0.5 -0.5 -0. 62
b2 (px) — 0 0 0. 062
K 5 0% 25% 0% 100%
e 2% (px) — -2.5 — -0.015
i 22 (px) — 0 — 0.118
STHFERT (s) 45.665 30.860 5.575 9.298
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Fig.8 The results of the algorithm in this paper are illustrated
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Table 2 Experimental results of SCR at 5 different

cross brightnesses

TFRE EE CCORR NCC EXHE
60% 0.951 0. 086 7. 447 3. 494
30% 0. 009 -0.329 3.601 3.548
10% -0.233 -0.363 1.723 3.772

5% -0.316 -0. 439 0. 994 3.518
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