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Infrared dim target detection in single image based on background
suppression by aiNet

Chen Bingwen', Wang Wenwei', Qin Qianging’
1. School of Electronic Information, Wuhan University, Wuhan 430079, China;
2. State Key Laboratory for Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China

Abstract: In order to solve the problem that the current approaches cannot suppress the background clutters effectively,
which results in a poor detection performance, a new infrared dim target detection approach is presented, which is based
on background suppression by artificial immune network (aiNet) and threshold segmentation by k-means cluster of rows and
columns. First, the aiNet is combined with Robinson guard to build the adaptive local spatial background models as fuzzy
topological memory antibody bank. In the process of antibody bank modeling, a series of antibody evolution strategies are
designed based on self-organizing maps (SOM). With these models, background clutters are suppressed according to the
degree of fuzzy match between pixels and models. Then, the proposed adaptive segmentation algorithm based on k-means
cluster of rows and columns is used to detect the true targets. Experimental results show that the F1 measurement of the pro-
posed approach is up to 99% . The proposed approach is able to build the spatial background models adaptively according to
the local change of image, and suppress the background clutters and highlight the targets effectively. It is capable of impro-
ving the signal-to-noise ratio of images and detecting targets effectively.

Key words: dim target detection; artificial immune network; self-organizing map; Robinson guard; k-means cluster of

rows and columns
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Fig.1 The immune learning model of aiNet
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Fig.2 The background suppression model based on aiNet
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Fig.3 The network model of fuzzy topological memory antibody bank

DAL EAATERNE, EHiTH e 5b,...TH
b BRI SE A TS

Qe kB R M PR b, (k3
W), I HA 2T T o, PR TERE R

‘giAbresz ‘2

g x b+ (©)
AR N b, b, PEATTETE R, WK 3 ik
2R (5] DX S T 7S 5 H r >R FH A 35l 4 e i Xk B
SRR IPTIR A7 15 2, 15 A2 o 37 2R 4 Il A7 6 R T
HAUE

v

max

16,0, ||°
Y &
i, b, L AR PTAR b, BORUE S HE) b, B
B s KPR AR IR BTIAR b, 143 & e 31 T A R A7 35
R

w, = exp( A

b.eM,

vmaxwz
”f{/avmwﬁ(l—mvz boem, &

b, o s ikt R R A SR G e, o8 IR
PREAGERIZE N ST 55, R b, 7710 R BFT B3 A 1 B
5w, 4 b, BIFFIE REHAUE; || b, D, | ABLIE
b, SHUA b, IR REE B ;0 IAUE ST AT PR IERE , —
Bt o =0.05;0, g b, BIFFIGEA; B RICICHUIRRIAF
T g o) AR TR

Ok HHCILIUAE M, Sl rHe Iy
M, M, lIM, U (Mot M,| > M,

OMHHCALYUARE , RN R A7 S 3 F A HUk

(2) IWHECAC PR , BRI A7 1% 22 S8 M XL

PRHEAT I HES 16 BRI T w% AR

2) ML EN 2R N T A5 2R 8% H A Tl
BRI VB B B R AR A SRR 45 1
T

>R H] aiNet Jry il 5 0 i 53005 REAK S 5 FirJm) 1
23 (VR ST AT 3R i s TR P B J 1 2 ] 75
P — M A DT SHCAZ O, I R 0 X 1Y
Mo Bl AR AR A 25 8] 75 S A Y, HAT 5058 14 25 1]
LI, BRI A 1 5 S 2Rt

2 EF17%] k-means B LB E D E

>R aiNet a5 0 i 5005 RETH PR 75 51
. AR, 36 R B B — TR Bl T $2 4
55/ bR M TLLAMARI 22 G ok B LR ML R (17
s FIIH) |, EIBAR R B HA BRI AN, 2l 3
S ARV I 4 40 ) PR 5% IR A LA AR A A DG A
FHRI S AR R AT B J7 18] L 45 A S B B Y
— &t b, KA 4, SR A k-means JERH
U AT 1) 5 0 k) 1y AT 3 R
AR B I, 4 W F AR I N HAT B K BE
P B RAG I L5 H AR, Il 24 %07 1k
NHETH75] k-means AR HE N 0 H %, HAR
AR

IDBCSOEREHEU LIRS & WOt ENEE &
PITAERAT 5 51 73 531 SR H 3 T 1% 2 - 07 A DU 14 K-
means AL FEAT A 15 RS, Ho R A BEHLA)
IRIEHRI ok BRI IR S 35 e 19 3 i

© I B R BT AR ST A



1256 hEEREIE AW www. ¢jig. cn

17 %

TR MR i =1,2, - K.} 5iZH 0T A2
SHC =12, K}, P K K, 535 R R 1775
J7 ) b A A T AR B Y AR R AU R i A7)
R, 5525 C,,

2) SRR S AT K BE A M, S TSR K
FESME M, Y ETR R TR AT 285 R, K
R 551265 C, WK EXME C) I B2 50 R,
BIGRABR, 25 C, MREANELC) .

3)If (R >M,)&&( €)' >M,)&&( &R, < R} <
vR,) &&( eR, < C; < vR,) then

Z(y) =1 // ASHx
else

Z(y) =0 // Bx

end

K, R, FoRFEREN HARAEAT I W) 881 J7 1) L 9 4
B HRT; &, v RN BUBREHSE(0 <
e <l,v=1) FZWNSEEEH IR A,
S ARG, AR X ) B, A e . — A
£=0.5pv=2,

(a) JEKISNR:0.5, N~ 43x3 . (b) JRIEISNR:0.5, ) hy5%5

(e) ()i (6 B )i

(c) JEKISNR:0.5, R ~J 4y3x3 '

it F AR S5 2R 8] Z

3 KREAR

R T RS EAR SCA R A RO, R 12 B
B 2T AR AT 56 I S 58, O 5 A 5 vk E
A7 X5 FL SR HIE o 33 26 21 A0 490450 40 B T 88 A 1 I R
B AT AR RS AR 20 52 g w, HE
BRSNS A ER BN B E AW T,
HAFfE Al R 3. E R L TS
BB 5 T 5 A A W L AR A BRI, —
LT AR AR AN 4 B 5 1 AT TR s Hoh 6
B s i 55 /N BAR RS 29° 3 x 3, 53 4h 6 Bt
AR RYES /N B AR R SF 298 5 x 55 H B b f
b SNR 2928 0.5 ~ 1; 5 B 21 4h A 1 < B2 2
300 M, Wik 15 Wi/s, SR EWIFN 5 F W
PEA A S A 5 O IE M B AR A I A9 RCR .
F H AR 55 /N, R E AR A A I 2 B b HE
o LUAE LEE H Ar .

(d) Ji EISNR:0.5, X~ H15%5

(2) E(o)fdmii (ORSICYEE R

K4 aiNet T i HIZCR AR

Fig.4 Background suppression results of aiNet

R T B IEAR SC T Y I M, R R
— S EE R EOR EAT T B UE LK, o
aiNet Jmy FR Y 547 1 35075 58 43 : Robinson R i) 4
RSN R, =5 x5, 4B RS Ry =7 xT(A IR
F— BT gk N T B AR RS 5 % By 1R S8
9 =0 (B 1L 77 s8R ) 5 PO BEFE SR B A7 TG 2T
BAREEARE Ry =0. 1 (RIS AR5 A 3E 1R] 1 3
K[l ) s HARPU iR s B J5 O 8 H T =10 (Rt
PRBUIAEFE 1 S5 A B8 5 B - 1A DG i S 4 2

{E p =0. 857G R HHAUE - AR HEZE o =0.05;
BRI B = 0.6 IO IR M S % = 10
(RIFETCAZHT AR ZE A B BE , T R 1T w% HIBTIAR) 5
BAEL A =10, 2 T1751] k-means KA [ 1&
IO 53 B 1% v A 2 ) AR A R S R
£=0.5v=2 JERWHARNT R, =5,

TSRt aiNet J5) & F 540 ) 5 20 AT 5 UE S
B, 70 IR 12 Be LML A T S ], e — st
FEAS P B CHAM R 25 R 1 4 Bz (B A b i A0 £ e

© v [H R BT AR BT A



5510 A5 3, %5 ; aiNet

S BTZT A5 /0 H A I

1257

L MG PG BARIEMELL) 45 1 AT BRI
B 4 (a) FIE 4 (b) FE7ERRIN A5 1 340 28 5 ok 2
A TR 4 (e) AP 4 (d) WAEAE KR =2 2R
BT, 505 2 A7 050 1 ATAHRNL Y TE Se 4= i i 45 58 .
M 4 AT UG H 2 B 0 2% ol AR £ R 1L Ry 2141 1
14, aiNet Ja) TR 5 10030 0k RE AT R I 1) 25 2 75 5
e SR BT, 5 AR RUR T 955/ B

AT B HL P £ Y aiNet Jay 3R 5 400 il 55
VR ZR BRI RE , R HAt 3 R i HEAT 0 L 5K
By, IR 3 FhE FH A SR HE BRI T %0
PEMY . TR A R, L4 4 bk 00 R
L2 SR, F i 3 a5 AIE 0B % U D 1
(CSF)M e kfme/IME 225335 (DMMF) M2 £ ) g
BBEE IR (MSG) ™) HZ B My A e PR M
W BRST 3 x3, R RSB k =305k
/M 2250 AT 7 x 75 20 R B 1 AR
PS5 %5,

MBS, SR AR R 3 25 ISNRM™
LR s 25 ISCRM™ Ry S4m ) [N 1 BSF'™) 3 Fhiy &

T AEHIEIE R RR (=0 (10) (12) (13) R ) K

Jay 8 ST TSR s ISNR R ISCR K, W5 I
TEAN T S 22 WO 2 i HARBYBE J) s

SNR =1 G, =G, | /o, (9)
ISNR = SNR,,/SNR,, (10)
SCR =1 G, -G, | /| G, +G, | (11)
ISCR = SCR,,/SCR,, (12)
BSF = o, /0,, (13)

K, GGy, 45 R H bR 47 359 JK B A A H bR JE
Rl X BN 1 K FEAE M5 oy, R B bR 8 L 5
(AR IE 22 3 SNR,, . SNR,,, 73 51| 2 7 i A T8 1 i
R 5 e L SCR, (SCR,,, 43 3 3R 7R g A LR
g 1 AR XS W s o, M o, RN R IR IR S
i 1 R (R A v 22

4 TSI AR £ X 12 Bt i B 21 A3 1)
P15 Sl iR b R an R 1 om . R 1 ]
DU PR BEBE M U8 I VL 1) BSF dehnik i, Ho 4
A SO M RE R AF, (R H ISNR J¢ ISCR 35 5 48
%, R AR M RO A s e K/ IME 22501 2
B ISCR ¥8 5, (A ISNR $8 b5 A%, H H A5
{E MR LR T AR 22 RO B IR 1Y 3 R P8 bn 5 44
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Table 1 The average values of background suppression evaluation for four approaches
5| CSF DMMF MSG NG = R
R~f  SNR, SCR, ISNR  ISCR  BSF ISNR = ISCR  BSF ISNR  ISCR  BSF  ISNR ISCR BSF
3x3 0.49 0.0l 9.54 13.75 45.67  4.22 103.31 3.79 0.71 1.32 8.28 35.12130.76 14.54
3x3 0.8 0.01 5.64 7.91 45.78 2.54 62.49 3.81 0.88 1.64 8.35 21.28 79.29 14.54
3x3 0.99 0.01 4.46  6.15 4572  2.04 50.02 3.82 0.94 1.77 8.39 17.08 63.56 14.54
3x3 0.50 0.01 9.16 6.64 3.03 4.05 105.73 0.6l 1.26 0.61 1.85 22.50135.86 3.94
3x3 0.80 0.01 5.35  3.90 3.06 2.50 64.85 0.61 1.35 0.66 1.87 14.15 83.96 3.94
3x3 1.00 0.02 4.18 3.06 3.07 2.00  52.36 0.61 1.41 0.70 1.88 11.57 68.09 3.94
5x5 0.50 0.01 6.39 8.91 23.02 6.83 99.99 3.25 0.61 0.73 6.60 55.80113.50 9.47
5x5 0.80 0.01 3.890 5.34 23.10 4.21 61.66 3.27 0.80 0.96 6.65 34.61 70.04 9.58
5x5 1.00 0.02 3.08 4.20 23.11 3.36  49.36 3.29 0.90 1.10 6.69 27.60 55.96 9.55
5x5 0.50 0.01 6.41 3.01 2.41 6.68 92.53 0.6l 1.46 0.45 1.63 27.04 96.44 2.88
5x5 0.80 0.02 3.89 1.81 2.41 4.15 57.65 0.6l .52 0.47 1.64 16.46 59.72 2.88
5x5 1.00 0.02 3.07  1.42  2.41 3.34 46.34 0.61 1.59 0.51 1.65 13.07 47.85 2.88
Fy 5.42  5.51 18.57 3.83  70.53 2.07 .12 0.91 4.62 24.69 83.75 7.72
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Fig.5 Visual comparison of detection results of four approaches across different images
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Table 2 The average values of target detection evaluation for four approaches

CSF DMMF MSG N RS
¥
r p F1 r p F1 r p Fl r p F1
1 1.000 1.000 1.000 1.000 0.650 0.788 1.000 0.520 0.684  1.000 1.000 1.000
2 1.000 1.000 1.000 1.000 0.677 0.807 1.000 0.567 0.724  1.000 1.000 1.000
3 1.000 1.000 1.000 1.000 0.682 0.811 1.000 0.589 0.741  1.000 1.000 1.000
4 1.000 0.364 0.534 1.000 0.336 0.503 1.000 0.251° 0.401  1.000 1.000 1.000
5 1.000  0.359 0.529 1.000 0.369 0.540 1.000 0.260° 0.413 1.000 1.000 1.000
6 1.000 0.355 0.524 1.000 0.378 0.549 1.000 0.270 0.425 1.000 1.000 1.000
7 1.000 0.390 0.561  1.000 0.580 0.734 1.000 0.359 0.528 0.997 0.962 0.979
8 1.000 0.497 0.664 1.000 0.587 0.740 1.000 0.414 0.58  1.000 1.000 1.000
9 1.000 0.546 0.706 1.000 0.592 0.744 1.000 0.453 0.624  1.000 1.000 1.000
10 0.782  0.363 0.496 1.000 0.173 0.295 0.875 0.226 0.359  1.000 1.000 1.000
11 0.798 0.397 0.530 1.000 0.188 0.317 0.891 0.228 0.363  1.000 1.000  1.000
12 0.827 0.411 0.549  1.000 0.195 0.327 0.895 0.224 0.359 1.000 1.000 1.000
-y 0.951 0.557 0.674 1.000 0.451 0.596 0.972 0.363 0.517 1.000 0.997 0.998
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