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Abstract: According to the characteristics of infrared dim small target image, such as low signal strength,
small size, susceptible to noise interference and complex background clutter, this paper proposes a new
infrared dim and small target detection method based on the combination of a new morphological Top-hat
operator and wavelet transform. Firstly, the improved morphological filtering was used to suppress the

background of the infrared image, so as to reduce the interference of clouds, ground cover fluctuation and
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local strong clutter on target detection. Secondly, the preprocessed image was decomposed by wavelet,

and the low frequency component was used for background suppression and target enhancement by using

the Local Gradient and Local Intensity algorithm. At the same time, the three high frequency components

were accumulated to further enhance the feature information of the target point. Finally, the infrared dim

and small target was extracted by adaptive threshold segmentation method. The experimental results show

that the proposed method achieves the optimal Signal-to-Clutter Ratio Gain (SCRG) , second only to the

PTCTV algorithm in the Background Suppression Factor (BSF) , and the overall performance is better
than other comparison methods. Among them, SCRG and BSF on Seq6 are 14.16 and 82.49,
respectively. In the ROC curve, the detection rate of the proposed method in Seq3, Seq5 and Seq6 is

more than 95%, which fully verifies that the algorithm can effectively suppress background and noise in

complex scenes, and has strong stability and robustness.

Key words: infrared small target detection; background suppression; wavelet transform; local intensity

and gradient; adaptive threshold segmentation

nu\«

1 7]

Bl & AL S LD AR AR I R K R AT
SRS /N B BRI R R 4T A R IR R G A ]
i A% 0 B R FE RS U WL TR
P ST AT T2 BN AN (B . SR, Z0 8055 /0N
HARR /N AR B = gUHE B, Y AR 3
P 75 55 378 ol AR 2% R 22 It HL A RS b A fE
RN D RAR S R, 52 KAHUS Wk
DA K5 S5t ke AR L 2 J2 30 P R e 50 o 2 D 2 I
FRW, ARG S5 o R i Sl W T
Tf ARG T A ¥

AR K B 2L A0 55 /N B A I e R [
ShEBAR T 2RO, EEARE T A
ML CHV S) BRI 7 3 35 F 75 5 5 IR R 19
T A B K Tk AR ARG I vk . BT HVS
14 5k 20 3 2k e S X e S W B R
DL B Z2 R AE Rl 25 O A58 B AR 5 15 5 22 8]
25 N E R fE . Chen 48 A 32 ¥4 &
¢ Jry TR LU AL 09 0 &, 4 T — i T SR 6T
FGREE (LCM) T 4055 /0N H AR R I 7 325, 3l ) J A
H A 5 40 50 =2 [ 1) 22 540 X6 bE R R 72—
PR LT T BB E . R IZR T IRER
e o T2 ) 32 5 ) B 5k 2% 0 0 A, AR
RO 2 BB . Jiang 88 AUVER X [ E B EHE DL
S N iD= R 7 IR S T e S e E B i A
1A Jai 38 Xt L 8 0 gty ok, o 3h A TR BT DR
RAAR S HAR B E M. MAh %07 851 A E 17 B

DRy #R ok FETH 3 A e T S XU R S
07 RS AR R R . BEJS , Zhang A%
TR T R A A 22 RUBE 5 i A DG R R
2y 2o ROBERFAIE e 95 , 19 9 8 S5 400 11 B8 0 OF k3
TZRERMMERR. Lo AN T AR F
o6 B 09 A T gk R I RS R LSRR Rk 1
Pk

BT U A 0 5 2k R SR R RN 9L
BT A IS AR BT AZ B TR B . ek
7 1 38 3o BT S U AR R 10 A T R O 0
5k H AR5 5, W TG A2 e (Top-Hat) " e K P
DB AL K T e e/ N O IR AR AR . Xu S
R TR i K B R S SR AU
15 i 5 fe R 8 A B A R AL D I A4 I g o 1
PO A A SRS RE AR B OR H bR SR, AE
W RN LR T %0k & B
B BUE B AR U5 IR RE S B 3 3R B H AR 9 B
ARAFAE A 25 UE B W A E X T i B AR 75 5
AR A W B MR AT AR PR . B T, R AR NS
B BRI A S 0B U T v (R D AT I TR )
B, DT ) A2 25 S 0 T (E N S B
BOoRBIPREE R . AN T
8 Top-hat 22 #e 75 ¥ , il i BT L 45T R
-4 & 22 RO R WG, A AR U ) I P if fig
Uy o O B PRLR A Y, 9 2R SR N R LA/ A
P A 0 £ R T A R o e A T DA SR 2 A
JEE A, R 25 o T4 B A R B AR A TR O
45 VO B R 0 R R L B A AR A .



I IGE %l , 55« 55 T 7 2 Top-hat A1/ 728 46 19 214155 /08 H B A 3

SR BRI — R R TR I M R
BTE 52 255 S0 R MR 75 25 10 1, A0 2B 35 e A
ol R M R A R H AR, S ORI RE R R

NI AR e ELAT R B B AR R S8k Ak A L i
Xf R AT 22 RUBE 43 itk L DTS2 30X B A5 4R AIE 1Y
BR G ZLAME5 /N H bR IE H R I R Ok
A S 38 A IE N S R TE N A RUEE b AT
KGRI SR, /NR AR 5 ) H AR UE
f18 ) 25 485 958 53 5 5% A D R IR 7 — R K
Jo HAE B 2% b 57 N W] BE 23 R ) g 2K I P g
Iy — 7 1, /NG R BRI Ay A B T R
R A8 R R B AR R A RETE AR i —
A ST SIS R IO LG R A B TR
Jei S H RS A I A R 1

BT BT AR SCIR T —Fh 45 A BT Y
&% Top-hat 5.7 5 /N 8 9 2040 55 /N B AR A
W73 o BF X0 AM 55 /N B bR ROEE /N Ry S 3
TR 2% B 5 52 W T8 00 BUAG AR s AR SR
T A H S 2 R R AR 3 0 DL A R
o7 [0 1L 43 1) 0 B [0 G DA 42 . 1 S, D B A
Top-hat 57X LLANEMR P R R EH & . &R
A AR B SRy 6 5 % U HE AT WAL AR 9 1 R T
P o FLUR 6 AL B Y G E AT /N AR e, X
AR 43 ek R FH Jrd 305 68 8 5 Jm 8 0 3 B 0 (LIG)
HEAT T S0 40 0 A H bR 0GR R X = A v A o)
HEAT 0, #E— 5 5t H AR s A SRR AR . B
J5 A A b LR AR i A AT 22 R
ZNTIR I A W 0 . e, 8k B ] PR B 4
FJ AR LA S H bR . L g R R, 4
TR 2R 5 R A B T S ag g A
H b5 1 58O, B8 A AR R 2040 55 /0N B AR 19 K
& e

2 HiEhH

2.1 4I5nv58/NBiRE GRS
BT £ Ah 55 /N H b GG F AL S = A F
E4 5971 1 S T 5 N 115 L 177
AfLLRIR N
flx,y)=t(x,y)+b(x,y)+n(x,y), (1)
Ho, (2, y) R HARE A, 0( 2, y) 3815 50
g3 on(a, y) TR RSy o LLAMEME b 55/ H s

¥

CINDNSPERNIER NSRS Eey U Rit it B |
s(a,y)=r1eexp {(;) + ;) /2] ,(2)
Lo W HAR K, S, 0, 8 HERTE K E

H
i JEE I iRg BE T7 1) B RS

4 4
F1 o sUR AR =4EE
Fig.1 3D figure of point target

XA R W] SR B AR A 2L AR R P
BE A B, =g | mE 1 iR, Hbxs
B i it DA SO X ) ARy xfE DL SR BOH T
PO Bt 5 450 05 5 . HOR, B AR R LR A Y
JI R A EE W BT EZER . R
T DXL, H bR — A R Ry R A B A KA B
W/ o 78 Ry BB L, H bR A R R (B A A 2 A
e Y, A 5 Y JRy BB ARRAE AR B 3L R A Ay
AR HOHAE KPR Ly 1) RO — 2L,
PRI T SR H AR B 45 ) R AR L 36 TR
FRG I 2140 EG Y s R B AR B 2 X
2.2 FHBTMEE #e

B 25 2 08 W 02 — A AR Lo bk R b 3 07 i,
0 T B ) — A3 24 R/ 1Y 45 7 o8 R 6 R
I BB AT FF B 550, DT 25 B TR v i R R BE 25
F It 52 e 8 5E s B A o 51248 Top-hat 5+ A
o, B A Top-hat Ik fE R 2% 5t F HA B4 1Y
TNV o A% B8 T VR S RO PR — 45 R JC R 1 B
SR ANV SUD N Bl AE R R
F AR TR /N W LA RO i 5 T, #
A1 Top-hat 28 46" 0] ) 5 A T8 PR AR )RR EEAS
5] () i 745 ¥4 0 K B, A1 B, , i a1 ¥4 i Bo0R i % (X
B, SOE B 25 AR FE Y R B bR
e 1 ) (] B £ T S A aE ) o AL AMEIHR
[, y )RS TR IF s 3R



1 A BTN

f*Bu(z,y)=(fDAB)BB, , (3)
Horf, B, o8 BR B, A KR ICER ,AB= B, — B,
N B, # B, Z 8] () AR 2 X 88k, B, 72 4 T B,
B, BB RA TR 64 Ji ~F- 254990 K o BT 24 Top-hat
A LAE
NWTH(x,y)=f(x,y)— f*B,(x,y). (4)
1 7 Top-hat 22 48 F1] FH PG A~ AS [a] R 25 44 o
R 200 2 50 1 AR X, A5 75 S oS
Jag PR T B — RUBE T 2 A6 B I 5 b 220 1 ey 8 5%
M 2s B) A8 Ak o 24 5 X 2 A % 2R R A A
}%jﬁ“%Li’%Hﬂ‘ BOR R 45K 70 R BEAS B 52 0 Hh i
VT S5, MR/ Y 2548 S0 28 WA B T 0% B8 H Ax bt
R e s G B . G E, AT LLE 5 X R
RUBETF 5c i U8 BR AR 7, R B B AR X /0N B b 9 3 B
ST, DA S B SEORS A 1 H AR AR B S S
WA, I i B RE 8 8 B LU 25 4 o0 2 RUEE T/ IR
AR NG B R E NS e a0 AN (URAN K7
Bl ML 4548 7T 3R e 0% R AN [8) RUBE 22 1a) 7Y
22 50 %0 H b5 JE L ST AR (15 5 H AR R
ANDERC 5 5 B L 5 AR OB AR T Y 5
R RAS DA B o
2.3 IMNEE#BR
AN AR SR e — T 2 KRB AR 5 3 B 7 i L 18

3 o — 2 L PR B oK B o, — R T — A
e R E B (2, y) B 3D e /NI 0" (2, ),

o (2, y) Q" (x, y)o EATRIR S350 H .
plx,y)=o(x)e(y), (5)
(e, y)=¢(x)e(y), (6)
o (x,y)=p(x)¢(y), (7)
" (x,y)=¢(x)¢(y). (8)

RN i AT LA R PSR S R O 1) R AR
RIREAAE O ¢ ¥ 4" 20 i 4 UK ST 18]
e L7 8] RIS MR 25 ) AR Y SRR

XFRANRm X n i EG f (2, y)e HAETR
JE T /N AR i B

W, (i,m,n)=

FZZ}‘ z,y) S, y). (9)
mn xz=0y=0

K \ﬁEMXﬁﬁ!LE’\J?Hﬂ%{E%%Uﬁ:

m—1n—1

W= | e y)gt, (2, y),(10)
N Inn ZO)E
m—1n—1

W, = Flay) gl (2 y) . (11)
v mn ZO\ZO

Zfoy wn (T, y),(12)

mn x=0y=0

b, W O RO D) R B, SR AR R AR L5

E*?IZ&%IUC/J\{BZ)%H/J\{)i’i@zﬁl(ﬂ/]\/)i’i)E’J?*ﬁ'ﬁﬁﬂ W' W W o350 S K SF- i R A T 1] Y
A6 LR AE S B I AR R O Ak o Ak /N PR AR [SEE RS O RSk P/ &2 @2 Y P S
i - |
m. 7
-
KT Y
£ 20 L. e L & E
e d-E- g - -
- - T

- ‘*- -

K2 Bk mARE
Fig.2 Algorithm flow chart



F IR 4T, 25 « 5 T8 B Top-hat Fl/NB AR e (9 215155 /1y H Fp Az 5

3 AXLHFE

3.1 EREEHER

BEXSLLAh a5/ B ARG S i AR O RSHN L5
32 MR T AR R A RSO T 25 5 T 2 Top-
hat 1/ 28 e B9 21050 55 /s HAR KGN 7 % 0 5
FIHH Top-hat 535 32 BCH AR B9 AR A5 B A 25008
B R HB A0 e 75 o B S SR T/ 7 4 xR BE AT
2 JUJE oy M, LA G b 3 Ol R AT S PR R A, 3R
LR QR (Y TR S R (LN AL S D
LIG 83k %0 A A s b 47 TR 42 48 A 8 L 4271 A
PR SR AL T A SR . B R4 41 5
/N B bR HAT A ) [A] PERRAE AR TE K P 3R R
Xt AR = A w0 R R B S R L DY MR =

A AP A AT R Ab R 0T LA R R H b .
B B ab R E B AR AE B S R E B AT Rl
B, SE I SO A B bR JF B A ]
B 1 {8 53 1) 53006 % B bs s AT 4R I, 3R A5 214 55
NEREEINZE R . SR AR A 2 R
3.2 #E Top-hatig i #1T%& S H

FI I #7 #Y Top-hat 28 4 %) 4 A (49 J5 16 B1Z
S, y) AT UE D AT B M 25 R 3R . Zead
Top-hat JE i Z J& , £LAMEMG b (1 KR R AF B
SRR RN R (BRI 1 B =P 5N
WARAEAE o T LAHT I Top-hat 28 i J7 2 76 21 41 55
/N B ARSI T TAE 2% AR BT St DX SORE X
TGRS S XTI R E A A AR LR
G , B0 5 76 XE LA 850R I Hh 20 21 55708 B AR, I8 7
k2B Kk 5 bR 2 I T ST

(a) IR AR

(a)Original infrared image

(C) R AL AN =4k 5 1A

(c)3D intensity map of original infrared

image

(b)HT  Top-hatiie i1t & 45 5
(b)Result of new Top-hat filtering

(d)IE B =4 1A
(d)3D intensity map after filtering

B3 Hi# Top-hat 284 (1 25 R &

Fig. 3 The result of the new Top-hat transformation

3.3 INEEHBRAEE ROIKRFE
1T H b A R 2141 R R I 2 T

0 15 3R M 2 S0 35 D v, T B D 8 9 2 5 5
1, U AT 5 Y ok 26 Ay S5 s e B AT E £ 20 4



6 W5 Bos

55/ HARBI AL B . Mallat 25 AN S9ESE, /N i AE %
A R 20 W E S R AT S G EGR 5 AR
{55 e MR . BRI, AR SO Ao /)N Y A 45 Xk 7
Top-hat #I§ 3 J5 19 R AT H AR S HE
3.3.1 AR M

W 2 b IR IE 3 A U8 15 3 Y R R
NWTH (ax, y )VE R /N 728 e 1 i A BHR, HAE
RUBETT B /)N i 728 48 30w AR L

W=
1 m—1n—1
NWTH (z,y) ¢t (2, y),(14)
W) =
1 m—1n—1
NWTH (z,y)¢!,..(x,y),(15)
m =0 \Z(J
W, =
1 m—1n—1
NWTH (x,y)¢r,. .(x,y).(16)
\/H =0 Z;)

/NI AR R BAR 93 i D9 — A AR A0 i =

W, (i,m,n)=

1 m—1n—1
T DI INWTH (2, y) @, (2, y). (13)
mn x=0y=0

P AR =R DO M K e R =R DR

(NPNIT ISR B S E ¥

A B AN 4 s AR B (L 4(b))
NS URE R TN RSN
KBRS EE . A S (B 4(e) |

(b)f&AH73 &
(b)Low-frequency
component

(C)=MiK 7 &
(c)High frequency
horizontal component

(@A K&

(a)Input image

(O EEIE =SS
(d)High frequency
vertical component

(OIEIRap: e s
(e)High frequency
diagonal component

K4 N 1A

(IEAT — 4t 5t 5 P
(fLow-frequency 3D
intensity map

(9) AR = 45 FE
(9)High frequency
horizontal 3D intensity

(OIELE = i
(h)High frequency vertical
3D intensity map

(i) AR = 2 i [
(i)High frequency diagonal
3D intensity map

Fig.4 Wavelet decomposition diagram



F IR 4T, 25 « 5 T8 B Top-hat Fl/NB AR e (9 215155 /1y H Fp Az 7

BI4(d) (B 4Ce)) 42 5 K843 19 H AR5 = LA
R B 20l H bR 0 MRS . BT, A ORI
Jei T B B N BR B B 1k (LIG) X 40 2 & f i |
P s EAT S, IF A — D T . X T
gyt 38 AE N T R A Ak K B T e
SRR A KRR R S
BIAZ AT & L, LR 58 H bR 000 0 25 M
20 AR A R R — iR R R BE Y W TV A
AR B T — BN S T, &
Jei W AV AR 2 B0t A PR RI o A0 R 040 e RN
BEAT AL R A, 1 — 25 3K 235 500 6 A E bR
B SRR
3.3.2 &R F 550 B AT Rk
SIBUR 10 - R A W VN E RN GBUE B
HESAAERFZESY M LIG B kA8 a1k
— 25 R AR SR BULIG 336 XHIE AR 43 & o
AW H ARG B T8, LIG LM 20
R
W UR— IR R iR B R
DG A 55 o = = W O I (7 g S A
W, (m,n) A7 AR ERE RN a X a,ah
AFEC. T A5 R S BT S R
1
a*—1
Hodr 1 W B D s K BEAA L T (e, y) R U
WA B — KA . P, S 25 5 5m EE TR -
1=max(0,1,—I). (18)

R TR R A EEE G

FELLANEMG b, B bR 86 7 8] LA 4% 1] [
P 5 AR R 1) A R B X RE LA . SR
T — R R B B B E e S A e X
A B X 6 — AL O R R AE
B A B 1 R TS R MR R A TR
FOUBEE . FEARE 55 /N H bR RR L BERE 0 2
JIN E AR R R I 6 B

Tw,:
x(i—1)

a a

LY

r=1ly=

f:

I(x,y)>, (17)

+n<a<%+n’ ,(19)

{gw,(g,v)

Hoh T, 2Rl R AR T A B R A, g,
A X8R o, T I BB E
X T AEAS B DX, B T A 0 2 R AR PR

B R R . K5 IR A KN g,
(4 J7 @ (e 4, 3R A 5N R

e 2
G=— Al
N2l

Horr, G386 5 007 D5 IR AR (R, N, ROR 5 j A4
R DX AL 24 TR 2% 1 ) B S S
TERF B ITA B9 G m e AT B4 5 R B A v /IME
TRV 8 SUFOR
Gun = max G, , (21)

Is<i<<4

(20)

Guw= min G, , (22)

Ho, G M1 G o 73900 G B RAB A e /ML
i b A A S SR R B RS R i A SR
JI7R -

: Gmin
G= ;G“U[Gm%,
0, otherwise
Horp, 3RS B .
IR =R AR
A Jr S oit B2 T TN Jey R B 1] G AR 3fe sl Tl LA
BEE R ER T, A
T,=1XG. (24)
K LIG J7 ¥ X AR A A% 2 47 ik 31, 15 3]
145 H bn A I 45 S a0 1 5 BT s, 0 2 5 H b A i
S5 A H Ay 4 ORI T S5 4 ] Oy AR B R A
MR B — 2R EI S . R, A Sk
— 20 X AR B R AT AL B, DA R E AR R
TEJF #F — 2B 5 T . B2, R AR Al
BT A RO AR M A B T E s e D
WPk
3.3.3 &MHE BB AR N Rk
Sk /NI L R A3 1 B AR AE B DL R
Sy MRS BAFTE T i sr & b JF g A 4R
EEE /DT BB RE . X T i, |55k
K — B B B 3 0T R A 43 O i B A
o L e TR Bl A A, DA TR ) R S B e B S
A FR BN T A S R . — B B B A
YRR B3R A 2 =N
T=upu+tko, (25)
Hod o M EMR R ME 0 T 22,k — D H &R
H, BUE7E 30~50 Z 8] o
B 2 i W A3 YWD A0 H bR DN 45 SR an &1 6 B
TN o GBI Z S 4R A3 10 W R T B R

(23)



8 W5 Bos

B o He G X 28 5 B E o B A PR 0 2% A 4 B
PG AT B I S, 3 5 = 00 H A {8 .
B —AE A B AR LB A EB 5 7S i R T
T,=JVH+ V’+ D", (26)

b H, V, D4y 5 K (R BRI 43 d 420
5 A 2 A5 30 7 RS
3.3.4 Hirmks 5 R E

i FE 43 R AR 43 1 5 A A B
FME LT DU R T AR R Y o e | T e
B SR T SO BOR o Ry i R A RS
BN E R S =7 0 o RS Al = R 7 ]
{5 BRI e e Sl g A AR 4 i bR
Je 0 9 R N B B (LIG) $E B H s, I 75 = A

(a)/INE > et J BRI
(a)Low frequency after wavelet
decomposition

RATT

34 TR I (L ) Sk 4 ) MR A RT3 S
W bR AR5 M SR A HROR o SR, AU
— g3 i R AT Ak PR A TR A DL S I A G RE .
1M, 38 Ao O AR AR o3 e R R A O A (R R R AT
LRl L BE B AT AL &5 & A [R] Ab 3107 95 a9 A 3, Bt
— AL AR AW ST RS
AR
T=T,XT,. (27)
i AR R, SRS AR X R AR B
— PR AR T SRR AR T, A T
TR A o %E 52 F b, X 05— 1k s A il 1A AR R
HEAT I 1T BRI 2, B 05k 0 28 X
(25) 7R o o #0145 20 09 A8 AL R AE b e 4 1)
s A 0 245

(OFIBZRIEEE S
(b)Preliminary detection result

(CYIRI =Yt 52 )52 [&

(c) Low frequency 3D intensity map

()20 A 25 2R = 4 i K]
(d)3D intensity map of preliminary
detection result

5 RSk b A T 45

Fig.5 Low-frequency component target detection results



HIIBE 20T, 55 « 5L T35 84 Top-hat A1/ A8 8 19 2140 55 /0N H Bn A5 D 9

(1)K -F o) & (N E R
(al)High frequency horizontal (b1)High frequency vertical
component component

(al1) Ko =4 ]
(a11)3D map of horizontal
component

(b11)3E F 7 & = 4E K]
(b11)3D map of vertical
component

(a2) A HIEACT 4
(a2) Horizontal component after
thresholding

(b2)7r# e EE T &
(b2)Vertical component after
thresholding

B

(b22) 7311 J5 T FL 7 B = 4
(b22)3D map of vertical
component after thresholding

BN

(22) 7 HrE KT E=4E K
(a22)3D map of horizontal
component after thresholding

F6 Aoy R AR 45 2R

(cL) AR 73 B
(c1)High frequency diagonal
component

i

(cLL)X £ 73 = 4k &
(c11)3D map of diagonal
component

(c2) > 3ot i1 o B
(c2)Diagonal component after
thresholding

(c22) ¥ JExt i o B = 4 K
(c22)3D map of diagonal
component after thresholding

Fig. 6 High frequency component target detection results

534 R 5 4 Mt

8,5 LIGH

RN MPCM 8 3:7Y  TopHat 54

. \PSTNN%;‘{%'“' ADMDH M PTCTV

R B8 AR SCT5 VR A R AE 6 AN L0 AR RS
J7 4113k 1 566 5k 2041 55 /0 H AR R L AT 58 A

TRk 6 R AL G2 A s /N F RGN 7 R AT AR



10

(GRS RTAZN

4.1 FTWITE

AR LKA PC AE 4 B & M Intel (R) Core
(TM) i7-10700 CPU 2.90 GHZ16cores, RAM
16GB K it B HL £ 4 &2 window11 64 117 (1) & =

Jigi bS8 AR SOR E A s 45 (SCRG) A

EI=g=A
H 5t

i A 5 (BSF) X 45 R A7 WAl o f5 2% H g £
S Xt bR 58 fE T (9 0, H AR R Ul B AR 4

SRR, AT .
SCR= ’l’_‘”", (28)
oy
SCR,,
SCRG =2 | (29)
SCR,
Hodr g Al g, 53 ) 0 H bR AR R BE A 5 X g

[EREI=N=R
EH X

%ﬁjﬁ;m

ol 2 i A R R B S 2R L

EIN=X
EE

PONE S

o
BSF =

EI=S==N

PSR Ry}

H/T’\

O out

X 8 bR i 2% ; SCR,, f1 SCR,,, 4%

R A A, B
M P AT A SR, S A A SR

(30)

Horb o, M 6, R JE GRS U J5 BRS04 A 0 2%
4.2 BirEE M0 o

Sk LU BG5S [R) B R 140 55 /0 B AR B A
WRE T, A SO AN [ B A W] — 52 0 7 5t B i 42
Jry e )57 PR K B Je 08 i 07 45 SR 4 A7 X6 B A3 AT, An
B7 s o b me R e B R O O U B
oy, JHC v B 0 X AR s R o N, X N H A G
A7 T DX S8 D0 3 B e 1 5 555, R B i
SOGB4 SR e N ] T U R R AR i X6
H s 58 a8 K X 2 g 7, Horb 2 A AE Ao
MR B W X, RIDZRIETEE AT R
MM S RE 1A R . it — D WS R A T, A S
XF B HE DX IR AT T BOR s o SR R o X g
WU 7E 4 J i 17 P A 3 itk L, D EC S H RS AR T AR A
Jyrfty i BT AR SY R SR R I TE I, H
TULEE H BR AR S A 1w 15 53 A5 1 0, O A 96 B8 vk
A5 7E FL 50 H AR 8 P LR — 28 HAE P i
M 1 AP o o Je 38 DX S P A o s S B Y

: I I

: I I I I

MPCM

TopHat

r wa

e
"" I I

PSTNN

ADMD

PTCTV

‘m I I

v” I I

OURS

MPCM

TopHat

PSTNN

‘un I I

: I I

ADMD

PTCTV

OURS

P 7 AN [ 3005 ) 2 J o i 11 e Jmi 8 o 2 XS 6T L

Fig. 7 Comparison of global response maps and local response areas of different algorithms
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F1 AREEZENEZRILEH(SCRG) T
Tab.1 The comparison of SCRG (Signal-to-Clutter Ratio Gain) for different algorithms

MPCM TopHat PSTNN ADMD PTCTV LIG OURS
Seql 0.67 2. 20 2.54 2.64 3.89 2.50 4.47
Seq2 1.79 4.43 3.17 6.62 3.76 4.72 10. 29
Seq3 1.95 4.59 3.37 5.74 2.81 3.91 10. 80
Seq4 0.41 2.25 1.41 1.23 4.25 0.99 7.42
Seqds 1.10 3.71 2.09 3.36 5.08 2.80 11.20
Seqb 0.73 4.67 3.91 2.98 6.50 5.97 14.16

®2 AEAEXNESME RE(BSF) XL
Tab.2 The comparison of BSF (Background Suppression Factor) for different algorithms

MPCM TopHat PSTNN ADMD PTCTV LIG OURS
Seql 8.33 18. 85 34.24 14.15 77.56 9.39 47.03
Seq2 10.02 25.59 21.68 17.99 83.42 15.85 57.50
Seq3 7.47 33.12 21.33 16.17 90. 24 13.64 62.00
Seq4 15.18 34.69 29.49 23.66 92.86 13.92 76.67
Seqd 9.38 33.42 19.63 18.99 91.18 17.62 65.08
Seqb 7.37 40.52 31.57 16.77 107. 26 20.77 82.49
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Fig. 10 Comparison of ROC curves
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Tab.3 Average single frame processing time for different algorithms(s)

MPCM TopHat PSTNN ADMD PTCTV LIG OURS
seql 0.184 9 0.104 1 0.709 3 0.067 5 3.068 4 3.568 5 12.847 4
seq2 0.1899 0.102 3 0.9345 0.072 2 2.793 3 3.3634 11.4479
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