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Infrared small target detection using tri-layer window local contrast
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Abstract: In infrared (IR) guidance, early warning and other fields, it is of great theoretical significance and
application value to detect IR small target with high detection rate, low false alarm rate and high speed. An IR
small target detection method based on the tri-layer window local contrast was proposed. The tri-layer window
could deal with small targets of different scales by single-scale calculation, so that the detection speed could be
accelerated. Meanwhile, the enhancement on the true target and the suppression on the complex background were
considered before, during and after the local contrast calculation, so that the detection rate could be improved and
the false alarm rate could be reduced. Experiments in some IR sequences and images show that, compared with
eight existing algorithms, the proposed algorithm can achieve a better performance on detection rate and false
alarm rate, and its average time consumption is only about 1/3 to 1/2 of some multiscale algorithms.
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Fig.1 Structure of the novel tri-layer window
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Fig.2 Flowchart of the proposed algorithm
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Tab.1 Details of the six IR sequences

Seq. Frames Resolution Target size Target type

1 200 320%240  7x5-4x3 Plane

2 200 320%256 3x3 Plane

3 200 320%256  2x3-3x4 Plane

4 300 256x256  3x3-3x4  Unmanned aerial vehicle
5 100 256x256  5x5-5x7 Ships

6 200 320%256 3x3 Simulated
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Fig.4 Processing results of six sequences using the proposed algorithm
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Fig.5 Processing results of six frames using the proposed algorithm
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Tab.2 SCRG of different algorithms in different sequences

Seq.  Target DoG ILCM NLCM WLDM  MPCM RLCM MDTDLMS DLCM Proposed
1 1 6.2885 7.2875 10.1899 18.5764 7.644 6 15.7705 51.2914 129.7833 111.1994
2 1 9.3889 17.0028 30.2405 45.1927 9.5588 17.6701 101.2353 444.8878 209.7027
3 1 13.9985 46.9499 44.1210 96.6349 8.3706 20.1072 134.008 1 346.6128 234.0280
4 1 1.1451 4.4645 5.5739 6.6120 1.8120 3.8397 12.7133 49.7060 20.0574
1 8.4327 4.4035 0.30477 38.6412 8.3807 8.1419 35.3682 144.0714 42.6344

2 6.0860 14.0724 7.6629 34.1497 6.4653 7.0714 44.1577 115.3426 53.5452

> 3 5.9508 3.5529 2.8184 19.3874 8.9205 6.5915 46.3951 72.3783 48.1778
4 5.3314 34226 0.0654 18.1551 6.9744 6.5919 37.2507 60.5618 36.5833

6 1 1.1238 2.0236 2.6389 0.7468 2.6805 7.1062 0.6750 0.0000 133.8833

* 3 EBEGFIITAREER BSF &
Tab.3 BSF of different algorithms in different sequences

Seq. DoG ILCM NLCM WLDM MPCM RLCM MDTDLMS DLCM Proposed
1 2.1241 33.9486 1.4121 681.6723 0.5767 6.1397 3.4236E3 6.8681E3 5.2603E3
2 7.1437 94.5928 0.1103 39.766 8 0.0299 15.3719 1.8704E5 8.1327E5 3.8348ES5
3 5.7067 46.3694 0.0220 22.8578 0.0192 15.1353 3.8940E5 1.0026E6 6.7702ES5
4 0.4502 6.9512 0.0567 37.5616 0.1257 2.2033 1.8657E3 7.2556E3 2.9298E3
5 2.1606 29.866 1 0.6584 536.9486 0.7421 5.2646 2.3261E3 6.0830E3 2.8033E3
6 0.6452 16.4929 0.4706 44.9468 0.4048 4.1212 690.4329 6.7822E3 2.6697E3

& 4% L 25 (Signal-Clutter Ratio Gain, SCRG) 175 5+
K ¥ (Background Suppression Factor, BSF), & 1]
) LA
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SCRG =~ 13
SCR,, (13)
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T out
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BRI
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g SECREDNS 5 5 2l (0 400 o) B 0 R 583, (HALAEAE mT DU
#4FR DLCM B4k Z S Fe i 2 28

e, SCh g I T H3Z2 0L TAEYERE (Receiver Oper-
ating Characteristic, ROC) [f| & 1/ — 4 b g 7 SCHh B3k
A A o X AN P A RS A T B AL B, AR
HE AH B 9 A8 % (True Positive Rate, TPR) Fil i % 3
(False Positive Rate, FPR), Fi- LA 255 Sy g fly | Aoz i) 52
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1 L5350
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e M .
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TANIRBEAE 6 4 e 51 v~ 446 I — ot Fir 15 6 A4 1S
], Q& 4 PR

g F 2, 3. & 6 fIF 4 Al 1 DoG. ILCM #il
NLCM 11 52 f PR AR G, (E 2 A0 AT 608 4G 00 14 8 A 1 4
2%, JUHIE Y H AR ES M 5t 241 WLDM, MPCM
FRLCM f R0 1 BE A, (8 A 19002 2 RO SR
2%, FERT 3 ;s MDTDLMS A by — i B 4888 3 19 X He
A, K I PEREAH L RLCM 45 XA T —E i, 3

H T At P R AL K 2 AR, 3 BRI I FE A o
K, SEHFPEAR 22 DLCM BRI T =28 1, DLRR
BETHRA e 2 RUBE B b (ks U RS, PRI SE B PR T
RK 3 o, R RB A T A/ T, (52 H bR
AL se T ST (P81 6), Bk rEREIR 22 .
SCHRRE R AT SR 1, S H—
e RIEFEA T8RS, FXEFE{Ch RLCM
SR 12~13 24, IR H, T SChRCR T T i
2 T R D EVARL, X A S A e ) BT, AR A

x4 BEGEFEINTAREXNENIZITHE)/s frame™

Tab.4 Average time consumption of different algorithms in different sequences/s-frame™

Seq. DoG ILCM NLCM WLDM MPCM RLCM MDTDLMS DLCM Proposed
1 0.2323 0.0836 0.0761 4.1925 2.2050 17396 19.1109 0.7723 0.9346
2 0.2535 0.0766 0.0688 4.6120 2.2460 1.9651 224699 0.8569 1.0432
3 0.2620 0.1012 0.0724 4.7081 22172 2.0232 20.8269 0.8398 0.9806
4 0.2324 0.0969 0.0893 3.8090 1.9081 1.5979 18.3858 0.6757 0.8096
5 0.2098 0.0733 0.0630 3.9777 1.7802 1.5662 18.3468 0.6748 0.7443
6 0.2531 0.0789 0.0671 4.9707 24189 2.0438 21.8442 0.8618 0.9469
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