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Infrared small target detection method based on improved non-convex
estimation and asymmetric spatial-temporal regularization

HU Liang, YANG Degui*, ZHAO Dangjun, ZHANG Junchao
(School of Automation, Central South University, Changsha 410083, China)

Abstract; Aiming at infrared dim and small targets detection in complex background, a new kernel norm estimation method was proposed
based on the non-convex tensor low-rank approximation algorithm with asymmetric spatial-temporal total variation regularization, replacing the
original estimation method in the algorithm. An adaptive weight tensor based on structure tensor and multi-structure element Top-Hat filtering was
proposed to constrain the target tensor, which had enhanced the sparsity and suppressed the remaining strong edge structures of the target tensor.

Experimental results show that the proposed improved algorithm can better eliminate the influence of strong edge structure on the detection results,

and has a lower false alarm rate than the original algorithm under the condition of ensuring the detection rate.
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BsF = T (42)
a-oul

XA, o, Al o, 209027 F RS 9 19 5 AR AR 3005
Ak BRAT S AR IEZE o
SCRG f5E XN -

SCRG = SCR,, (43
= SCR, )
K (528 H SCR BY5E LN
SCR: ‘MT _Iu’B‘ (44)
O3

Ao g ARFRLLAN N H R DX S A I B S5 ey
oy AP T F AR A A 5 A1 1) R JEE 300 A IR
FERRIEL o
CG HIE LN -
¢ = 0N (45)
CON,,
K, CON, Hl CON,, 53 MIZ R FEu b BTG H AR
AR IR X LLE B
CON = [y —puy | (46)
T LM B R SRR VR, 5 A
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R, MR Py A, HoE SO0 -
™D

Py=r (47)
FD
F,=75 (48)

Hrr, TD 1 FD 43 50|3&7 ERf AN 2 14 B bR e
AT A R H AR A%, AT R NP 73 531 278 25 Hip
WS H bR B R BRI R B BT
F,F P, PIAS$8 4R, AT LLAS 2 0 38 2 45 7F ¢ Ak
(receiver operation characteristic, ROC) i 2& , ROC
iR AT LASE 7R SR AE AN ) R A R RO RE
3.2 XtEEIESAT

N T BUEA SCRIL WA SO T 7 R
RO AR WANIE R Y il KR TR U R o Vi s Py € B
3.1 1 W AR BE A BRI, IEWSRA Y
ARNE RKBIAF-5 4  Intel (R) Core(TM) 7 —
9700, 3.00 GHz,16 GB N1¥, Windowsl0 R4 &
AL, R MATLAB2018b {4 %) 55 vk 47 B ik
7 R 2L Ah /N BR K W S % 43 0 S Top-Hat™ |
Max-Median"® | LCM™  3UJ24 iy 3 % H JEE ) ¢t
(double-layer local contrast measure, DLCM ) | 4T
I K 5 1 10 2 5 A0 SR LY (edge and
corner awareness-based  spatial-temporal  tensor
model, ECA-STT) It 1™ Bk 5t /M A 112 (non-
convex rank approximation minimization, NRAM) )
K ASTTV-NTLA'"7', HHr Top-Hat Max-Median .
Z R & LCM ( multiscale LCM, MLCM ) ., DLCM #1l
NRAM Jy T Bt 9 21 51/ H AR K 5332: , ECA-
STT F1 ASTTV-NTLA Jy 5 FF A i £L50 N H bR

43, NRAM \ECA-STT L) &% ASTTV-NTLA %
TRACEAE TR B ISk, & 2 A&k
SR ER, BT ~ 1L 3 RIARSOAE S 7 Fi
(IS X A A S50 91 g LR it g A3
5 =R RCR T o

R2 BREZSHEER

Tab.2 Parameter setting table of each algorithm

RS ZHBE

iy 2Rl 7

Top-Hat
ZERRIN 5 x5
Max-Median  JEJE#F K /N:5 x5
R 4
MLCM E
JRERR 3 x3,5%x5,7%x7,9 %9
DLCM JEER R ;.3 x3
B=0.1,1=3, A, =0.009, A, =5. 0/
ECA-STT
Ymin(m,n) -, A, =100, £=10""
UG HR /N :50 x 50
BHE K10
NRAM A =1/ /max(M,N), y=0.002,

w =3/ min(M,N), C=,/min(M,N)/2.5,
e=10"7
L=3,H=6,\,=0.005,

ASTTV-NTLA
A, =H/ V/max(M,N) - L,A; =100

=H/ /max(M,N) - L,
=0.005, Ay =100, §=0.5, £=10"7

L=3, H=3, A,
Proposed

=
— [ [

(a) 8 PP ILX 71 1 LA iiAb PHAS

(a) The processing results of 8 algorithms for typical frames in sequence 1
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(b) 8 FHEEIEXS P A 1 S Rhiah BES SR = M4

(b) The three-dimensional view of processing results of 8 algorithms for typical frames in sequence 1

K7 PPl 1 S 8 RS IEACR X LA

Fig.7 Comparison diagram of 8 algorithms for typical frames in sequence 1

(a) 8 FPHLEXT S 2 diL Y Ak LS SR

(a) The processing results of 8 algorithms for typical frames in sequence 2

(b) 8 FEIENS 51 2 SR iAE HAE R = 4k A]

(b) The three-dimensional view of processing results of 8 algorithms for typical frames in sequence 2

K8 Jr5il 2 i 8 A A ACR X LA

Fig.8 Comparison diagram of 8 algorithms for typical frames in sequence 2
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(a) 8 P ILXF1 3 SR Tab 45 R

(a) The processing results of 8 algorithms for typical frames in sequence 3
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(b) 8 FFEIENS P51 3 MUk A SR — 4[]

(b) The three-dimensional view of processing results of 8 algorithms for typical frames in sequence 3
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Fig.9 Comparison diagram of 8 algorithms for typical frames in sequence 3

(a) 8 PP ILX T 4 LRLTAL BEAS R

(a) The processing results of 8 algorithms for typical frames in sequence 4
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(b) The three-dimensional view of processing results of 8 algorithms for typical frames in sequence 4
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Fig. 10  Comparison diagram of 8 algorithms for typical frames in sequence 4

(a) 8 PRSI 5 SLAL kb BEZE

(a) The processing results of 8 algorithms for typical frames in sequence 5
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(b) The three-dimensional view of processing results of 8 algorithms for typical frames in sequence 5
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Fig. 11  Comparison diagram of 8 algorithms for typical frames in sequence 5
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7y 8 FPERILAES T A 1 ML Ah B
HoREE, 75 1 BREENEZE, AFERRER
FA AR DR R BB 3 S s AR RS 1 A g 1y s
B M Top-Hat D} Max-Median Ab £ 25 5 i1y
YRR T AT, EAR AT ARSI ok H AR (HE A
BN HFREUR AR E R R s, 2o = )2
(i 245K o 1 MLCM B33 738 5 H bs i) [R] B
WA A Rk 2 B R 0y & 5% T 4. ASTTV-
NTLA S35 AR 7 51 224 vt S 6 i o Rl 1 A 46 0
B HAR, B H bR 2 505 4555 R A R 2
TSR (H 2% B HAD P 51 15 B, % ANl
JE4% , i DLCM % 3  ECA-STT & 3 NRAM &
VA BA SCRRAEZ T 5 1 ) R BARR G 75 , Bk
S AR G Mo At H AR o

8 ~11 2358 8 P ILAE ¥4 2.3.4.5
BT A BSOS LI, 3k 4 A 3510 #5 hy s i
o, B T R A S PR ) Ty, n g
SN L e 5 BE )T B 2 D) SRR s
SPPHbTET , 3K BEER LSRR i >k T E ORI Hk R, M
K8 ~ 11 WAL BRRCR K E , Top-Hat 7] LG HiAG:
I B bR, 18R R R it 2 454 () T3, Al
ORIEAWE,, P41 2 g A, AR BRACR B
WAL T R T B 0 2 DL SO SR I SR
Max-Median 553t ] A8 g b A5 00 28] (&1 45 b 1) H A
AL AR RIRE XS 8 2% S5 46 i 100 1 8 A R Jin sk
MILAE 4 A P50 =R E ] DUE %
IR AR B AL BRI AR 2 205, FLER 43R A A
PR E AR . g BE AR . MLCM 3503k B DLCM 45
RAE 4 DNPE) S R ERREXT B AR X I T AN [F) R
(G5 , (FUE ARG 5% B AR DK R, X BG40
AN e e e I UM e 22,
A E g 555 R AT AT, 2 o B 1 A7 TR K o 1 R
S, BT DLCM B30 fuf FH XU 2854 T A A2 157 St
FAZA RIEARR B JRil e 1, Hoxh s 5 1 s 3 il
AEJIFE5R T MLCM B33 {H2 R AR IH A R 4n A
. ECA-STT % 3% ASTTV-NTLA & 3: NRAM &
DA BA SR DA TR G AR U ST N
BEXT HORE e, A B R A B K T, 7R
X 4 B Y AEBRACR A XA 25 16k ECA-STT
B OUHE SRR AR 2 NI AT A
SR R EIE N R E B 2, NHAETF 5
2 U554 i SURIA BRI R, 3 5 2
(RS ) AR I I 300 2 S o R T S B K
ASTTV-NTLA %4321 NRAM B35 [t kb Bk S AF
TFHA S Pt AP, A W AR, 2 H
PR BEASAR S Hu 3G 5 H A5, B4 S b B2

2 P PHA SR A A0 B G i S S 1 A A LA
SN GEERIRE , L 4 A5 51 B AL 1) = 4R34
RIEFRIKA , ASTTV-NTLA 5545 21 H AR El
AT NRAM Bk i, e s /b, ok 2 F
BAENX 58 2 S BERRZEF B sl A R Rk
L5 4 ADIPHN A PR AL, A SR L T AR B Y
H AR SR E 5 7 Bt FL R UL, RERS 7R3 5
R 1 TR B A e e 00 o 75 S5 A 0 % DD B A i
4, HEBEA HLE BT

F3GIN T 8 FERILAE 5 AL T TN 4
PRERPFEE, Hor Inf AARAEPREUETCIF K. H
223 Bl T AL ASSCRIRAE TS 2 B CG EALT
DLCM 533, J5 PRS0 B AR5 15 50 2Z 8] 1 BE A
22T, FE AR IS B 1 H bR o B 5
59, Top-Hat 53 LA & Max-Median 553 7£ fiij #.3%
N AR ARSI AR, FLA B H AR A, 2
WX Ze o, 1% 2 MR R A TR R T
MLCM 355 DLCM 8.3k BARAE 5 NP8 ERA
B CGAE  H2 A 3 MER R K2, WA
IRAT DA RO 5 EH AR, (HJ2 X A a5 R 2 T4
(IBIRE J1 22 ECA-STT 7E 5 4N ¥ 41 L REAS 4 4t
MR B bR, A RS SR A, X T
A B EEIR B AR S BIRE SRS 25, NRAM 533
FE 5 AT R FRBUAR G, 7E3458 H AR R B AT LA
TRAFHIIN 5 5%, 4 D TRPR (R IABARIF5 , (H )2
SEAFH S BHEAME L T 5137 501 &, NRAM
BEAR 2K 38 4y A AT SO B AR, ASTTV-
NTLA 7£ 5 750 _ LA BEAR - Mo i 75 =, (I
(1 ARG ST PR 75k, Ik A2 15 20 1 H broi B 4
i ASCREIAE 5 NP F) Y P A AR 8 A
{EL, RERS AT M H AR B0 5, Ao 7 Ffoxst
Ut B LA T AR 1 R

®3 SMERES MFI LAITEMNEIRE
Tab.3 Evaluation index values of 8 algorithms on

5 sequences

JP 1 PP bR (E

5k

ISNRG  SCRG  BSF cG
Top-Hat 2.37  179.27  999.43  0.17
Max-Median ~ 3.98 1198.51 26700.00  0.04
MLCM 0.94 2.04 0.88  2.31
DLCM Inf Inf Inf 1.40
ECA-STT Inf Inf Inf 0.34
ASTTV-NTLA  Inf Inf Inf 0.25
NRAM Inf Inf Inf 4.66
Proposed Inf Inf Inf 4.87




-192 - ERRE N 446 %
. ¥4 2 PR AR TR E . JF5 5 PR bR
LSNRG  SCRG BSF cG LSNRG  SCRG BSF cG
Top-Hat 1.71 52.18 40.26  1.29 Top-Hat 1.48 8.73 4.09  2.07
Max-Median ~ 2.17  317.96  265.20  1.14 Max-Median ~ 1.87 37.07  22.38  1.69
MLCM 0.98 2.94 0.35 7.84 MLCM 0.77 1.34 0.16  7.80
DLCM 0.78 12.30 1.49  5.40 DLCM 0. 44 1.44 0.48  3.18
ECA-STT 2.18  313.88  182.95 1.3l ECA-STT 2.27 20.22 7.06  2.71
ASTTV-NTLA  Inf Inf Inf 1.81 ASTTV-NTLA  Inf Inf Inf  12.11
NRAM Inf Inf Inf 2.55 NRAM 2.87  2790.00 237.65  12.31
Proposed Inf Inf Inf 3.96 Proposed Inf Inf Inf 12.56
) FP51 3 PR R AR E .
ik LSNRG SCRG BSF . 4 g 8 FPEREXS 5 S Y 5 AT AL 3
Top-H 1.51 11.17 14.82  0.75 i BEHOINTE 1€ 4 AUAL, Top-Hat SR
-Hat . . . . . TSI N
e S TOT PR AU AL 3, 9 FE A e, MLCM. A1
Max-Median ~ 1.55 30.30  146.39  0.22 DLCM 251 s EL A5 5 B F &b 3 3 7 . Max-Median
MLCM 0. 60 1.27 0.48  2.61 Bk b Top-Hat .3 MLCM %3 . DLCM & 0y
DLCM 0.71 40.94 35.16 - 1.17 Ab P E ] AT — 28, {ERE X 4 T Bk X A Bl
ECA-STT 1.59 35.32 50.14  0.73 Mg 75 ) 410 71 BE ) AR 2 , ECA-STT 533k I i 1) b 2
ASTTV-NTLA  Inf Inf Inf  3.07 i ) 5z <, NRAM 5535 ASTTV-NTLA 535 LA
P 12: ASTTV-NTLA R 7EE S (50 b3 oin 55
roposed Inf Inf Inf 3.5 ) .
—— Ji S A SCREAT A — € 22 R
ik EALA TR TS Pl 12 % 8 FHIATE S 151 i) ROC 2%
ISNRG— SCRG BSK e Kl 12 Al 0, X5 F 5 Dp sk, 454
Top-Hat 1.58 3.84 4.07  0.94 &7 ~11,DLCM %3 H1 MLCM 2 v fy 1 1 245

Max-Median 2.60 32.74 44.98 0.72
MLCM 0.61 0.31 0.14 2.16
DLCM 0.63 1.12 0.48 2.12

ECA-STT 1.82 14. 86 17.21 0.89

ASTTV-NTLA Inf Inf Inf 3.01
NRAM Inf Inf Inf 3.25
Proposed Inf Inf Inf 3.33

14, PERIHE B R EOR T, A I R IG A AE 1B 12
R, RIMEZE . ASTTV-NTLA B E7EF 51 1
W RBAE(FER P S AR E S ) PR
BOR M HARIURE S 5 S 2UR /9 AR KB 5]
HRAFE R B AR 2% 5 o, X 5 SO AR %P 41 B
MAZ B 2% . Max-Median 53545 2 /9 H 5 & &
AT AERL 2 1 M 2 0, DR A R 2 R D B 2
RATHE R AXRIEAFH 1 BRI T

R4 8 MEIEXE I AR R E R

Tab.4  Processing time of 8 algorithms for each sequence

LXVAE

K% %dE  Top-Hat Max-Median ~ MLCM DLCM NRAM ECA-STT  ASTTV-NTLA  Proposed
R 1 0.83 574.42 20. 84 31.92 2174.27  6049.10 1866.69  2231.89
FE31 2 0.16 62.88 2.74 3.23 139.02 620. 42 212.80 234.41
Fe1 3 0.24 93.67 4.15 4.92 165.07 856. 83 319.97 336.59
51 4 0.31 124. 41 5.46 6.46 295.86  1132.85 422.25 476. 85
F51 5 0.25 93.26 4.16 4.87 183.95 867.06 335.09 338. 68
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TAREORT AR AR EA T HAB R
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Fig. 12 ROC curves of 8 algorithms on 5 sequences
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