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Abstract: Current algorithms suffer from high false alarm rates and poor real-time performance in complex
backgrounds. Therefore, a single-frame infrared small target detection algorithm based on the tri-layer
template local difference measure was proposed. A tri-layer template was constructed. Then, by making
full use of the disparity in grayscale distribution between different layers, a tri-layer template local differ-
ence measure combining the grayscale difference and grayscale variance measures was proposed , which si-
multaneously achieved target enhancement and background suppression. Finally, an adaptive threshold

segmentation method was applied to extract the targets from the saliency map. The experimental results
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show that the proposed algorithm only needs to traverse the image by a fixed-scale tri-layer template to de-

tect targets with different sizes. This not only avoided the increase in complexity caused by multi-scale op-

eration, but also prevented missed detection caused by regional overlap. Eight methods were operated on

the public dataset SIRST. The experimental results show that the signal to clutter gain and background sup-

pression factor of the proposed algorithm are improved by 7. 7 times and 3. 9 times on average, respectively.

In addition, the proposed algorithm achieves better real-time performance compared to existing algorithms.

Key words: target detection; infrared small target; regional overlap; tri-layer template; local difference
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Tab.1 Features of IR images shown in Fig. 10

Target details

No. - — Background types
Size Quantities SCR

(a) 4X4 1 3.93 Sky, Building

(b) 5X9 0.57 Sea

(c) 3X2 1 1.78 Sky

(d) 5x9 1 5.86 Sky, building and ground

(e) 7X9 1 11.31 Sky and tree

() 7X7 6 10. 00 Sky

(g) 3X3 1 2.56 Sky and branch

(h) 6x7 2 2.93 Ground

(i) 7X8 1 4.53 Ground
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Tab.2 Detailed parameter settings for different methods

Methods Acronyms Parameter settings
New Top—Hatm' NWTH S(B,)=S(AB)=21, M(AB)=5
) ) Patch size:50 X 50,sliding step:10,L = 0.7,
Reweighted Infrared Patch-Tensor Model"™ RIPT R
h=1,e=0.01,e=10""'
Multiscale Local Contrast Method ' MLCM Cell size:3X 3,5X5,7X7,9%X9
Multiscale Patch-based Contrast Method"** MPCM Cell size:3X 3,5X5,7X7,9%X9
Multiscale Relative Local Contrast Measure ™’ MRLCM Cell size:9 X 9,K,€{2,5,9},K,€{4,9,16}
Tri-layer Local Contrast Method™” TLLCM c=3,K=9,Re{5,7,9}
Double-Neighborhood Gradient Method"*’ DNGM N =3, Local window size:15 X 15
Multiscale Local Contrast Method using Local Energy _
N MLCM-LEF pEL3,57,9L,h=0.2,a=0.5
Factor™!
Tri-layer Template Local Difference Measure TTLDM K =3, Local window size: 15X 15
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Tab.3 Means of SCRG,BSF of different algorithms

Algorithm SIRST ‘ ; Single-frame date'iset _
SCRG BSF Time/(mseframe ') SCRG BSF Time/(mseframe ')

NWTH" 9.71 17.96 13.88 9.69 21.19 8.63

RIPT Inf Inf 869. 21 Inf Inf 247.10
MLCM'™ 1.97 1.61 40.1 3.46 0.34 29.5
MPCM™ 52.74 180. 59 47.2 15.98 188.28 29. 2
MRLCM"™ 14.34 21.05 2.5%10° 8.82 7.48 986.9
TLLCM™! 59. 66 82.97 8.4X10° 16. 33 60. 81 2.4X10°
DNGM!"" 226.11 191. 44 30.7 225.70 107.02 17.8

MLCM-LEF™' 44.06 333. 50 6.94%10° 21.00 225.15 2.45%10°

TTLDM 449.75 464. 81 10.9 409. 76 306. 63 7.6
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