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Weak and Small Infrared Target Detection Combined With Frame
Difference Kernel Correlation Filtering
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(School of Information Engineering, Zhengzhou University of Science and Technology, Zhengzhou 450064, China)

Abstract: To improve the performance of infrared target detection, weak and small infrared target detection
combined with frame difference kernel correlation filtering is proposed. First, the current frame is trained by
kernel correlation filtering to obtain the maximum regression value. Then, the difference value is calculated
relative to the interval frame to perform a cyclic shift to compensate for the background motion between
frames. The relative motion features of the current frame are extracted using the interframe difference
method, which enhances the ability to distinguish weak and small targets from the infrared background.
Finally, threshold segmentation is performed on the relative motion features to obtain the final detection
results. Simulation experiments show that the proposed algorithm effectively detected weak and small
infrared targets in complex environments. Compared with similar algorithms, the proposed algorithm
suppressed clutter and point-shaped interference sources, and achieved a higher target detection rate.
Simultaneously, a large number of operations are placed in the frequency domain, and the operational
efficiency is better than that of other algorithms.

Key words: infrared image, weak and small target detection, Kernel correlation filtering, interframe motion

compensation, relative motion feature, inter frame difference

0 515

ZLAN A AR H AR AR AL U 5
fitl, HFZLAMEINE TR, B S AR S RE R
Faiickon, HAAZERIURPARTZNH. HirkEsE
DA HRARR MG E I ER, 7 ES LRI
HAR,  HARAS I EATE AR AR B B AR ) 2R XY
AHYUMERBEAT I T3 w85/ F AR A I RS

ks HER:
EEEN:
BIEESE:
HE&mE:

2022-03-02; f&ITHHA: 2022-05-19.

WA BT RHESOCIE (222102210174).

RN RS H T LD ML TSI 7T AR R, B
WTZL AN BB GRARAE X 73 55/ B AR TR, EXT 2
T P A5 T B T I SIS SR AN LR R I, %o i FE Y
HNEFRBAT TIRANBEFC o L[] 22 50 R K AH AT
WIZLAN G 22 (B 52, (HAZ T AR SO R CIR 3R
VML S Ak 22, e SAa il 2 RARBUR KA
Xt B bniash B G AT R, R 2 s Sl AT
F brsr 041, (E2 77 V5 HE LA 26 Bk IR S0 U P T 1

EEH (1979-), L, Dk, WmEEEN, fit, Bd%, FEFFRI7H: BG5S B . E-mail: yuping wang1979@126.com.
B (1980-), 53, DUR, JUUOEEARN, WL, EIEdz, EEEFROTR: S RRINSE Rk A

755



Fa5E H T
2023 F 7 B

EANE S /S
Infrared Technology

Vol.45 No.7
Jul. 2023

s, RS HARRIN: ShAS IR N 220 AR 55 /0
H bRl o B 7 AN PR 2R D0y = HEDTHC g e 410
A055 /0N B ATAS DU A A s = 4 2 ()7 B2 DL R, {3
KPR IR RA X 53 B R A SCIR TR0 i DT EC AL A1),
55705 HFRar IURS BEAN iy I 20 bLvRe xR 8 AR
W23 T b, DTS I 2 1 S XA E AT 4], 3G 5
55/ B bR pgAs e, R fCRT RN, 5 H
PSR b (55, BIEABX I JelifhithiZzR
IR FEAR R B ALAN R R e, R B0
TR B ARAES /N B AR, (H 6 A i [A] 2R 1 K
ZINERDCIR Il T IR BB 2 BEAC, I HoR
T 5 52 sgmm . DL FIX e VAR AL BR AT A0 ]
BT, BRSPS, THE R
Wit ITAESR, RZAHSUEIE VAR AR R A USRS 1
AR RORI ), ARG UE A AR AL BTS2
IZRIERE &, T O SR TEA T AR G T SO SRS
Hbw, A IUPRS BEATH RS AR A — e LA, ik,
ARSCHR T — 5 5 i 22 I AZAH G D8 ik 55 /N 2041 B
FrA il 7% (Weak and Small Infrared Target Detection
Combined With Frame Difference Kernel Correlation
Filtering, KCF-FF) .

1 H[EYFEE

AR 3 3 ) P25 B U1 A28 R A 20 30 4 )
Y, 3L T A A DB R LR SR AR
5 AR Y bR TR B8 A 2):
fZ2)=w'z (1)
G AR e 0 K5 T V18 s D 8472
AR AME A

min Y (/(x)=y,) +a| WP @)
Kot R IENCREL JAR:
W=(X"X+al)' X"y 3)

s X FRoRFEARMRE; x NHATHRE; y NENEE
FERE: TONRALFERE . T I8 s B EEBOR,
YRGBT LRI B, R HEH:

W=(X"X+al)'X"y

X" =(x")"

A XN B, XONFERE X TR AL
TR SRV RN, TR TR,
ERILFERT . IR AL AT A TH R AR, (HAT
PE AR N GRFE A 1] A AR IR RS A1 3R A5
1.1 BERFBAIFERE
756

“)

RN GRREA x LR

X=[x1, X2, X3, ***, Xn] %)
PA x JFEARE AT IS LA U 2R AR X
_XI,XZ,XS,"‘,XH )
Xy X Xgst oo Xy
X=C(x)=|x,,,X,, X, X, (6)

VIR RS RE A7 AERF IR AR 5T, BV AT A 2 £ L
AR HFEREX AL, T 45

X = Fdiag(x)F"

~ (7
x=F(x)

RO F A B TSR ¥ FR R x
P AR e . MR (7)), IR
0. . €
X" X = Fdiag(x )F" Fdiag(x)F" (8)
N FAF=1, 13{(8)n15:
X"X = Fdiag(x © x)F" )

A ORI AHRER e, s (9% (AT
B
W=(X"X+al) X"y
_ (Fdiag(x ©%)F" +al)" Fdiag(x )F"y
- F(diag(x ®x+a)) F'Fdiag(x )y  (10)
X

K ~

X Ox+o

Xof b Z(10) P9 I [ st A7 5 i L AR e, mT A

Nk

= Fdiag( YF"y

W =diag(——)y (11)
X ®x+a
KA R
w=_X9¥ (12)
X ®x+a

MA@ eI En, BT HERMEREE, FEIATT
HEIEN Oy, EHXTNGFEARSCHH FEIEAFEAL,
B EERTHE S R FE B O(nlogn) .

1.2 #%&ME)3
PRSI R A A B[] A 2 (el A AR



FasE FHTIH Vol.45 No.7
2023 47 H T EMEE: 455 MWIZE R AH IR 55 /N L4k B ARl Jul. 2023
RNTY RERIEGETT, BFEARL W 3R 2 251, ﬁ . j, @)

FEIET S S F R AR
fR)=W"§() (13)
3R AL 7 B N Kz), TEIH R
B W AL ) R SR AR B R A
W =2 B4x) (14)
N(14)H B TE S A HE 3 A], 5 [EH 5%
W FTE S — 3, X BB RENE R W ey
X ZHPBAA o LA R O X o) FEZRPE 23 [0) N 1)
WARBEAT R
¢ (x)p(x) = K(x,x") (15)
WAZFERE Kycns 3NN ARL M 25 (0] S AE AL
PEE AR, Rt
Kij= x(xi, x;) (16)
i b, BRI ENH R
f@=W'0)=%fxx)  (17)
ZHECHR[24], %l BRI
B=(K+al)'y (18)
XA HEFEBHZEL B M F, A% = 8] R e
FZHE K G R AR, b aR(18) T Puidi =K i,
SCHR[24145 H T FIMIRE RS K NP IS AE B ) 78 50 2%
i, A AR R, AR A B R B R . A
W KRG FE AL HERE , £ 20(7) i B s il L
A R PO R R KON AL
K = Fdiag(k )F" (19)

ER19) B TR K 1T, k Fo5 b
O B AR e, K AN A8) AT 15
B=(K~+al)'y
= (Fdiag(k )F" +al)'y

= F(diag(k +a))'F'y (20)
= Fdiag(——)F"y
k +a
% b 2(20) B ML I A S, T
~ 1 -
B =diag(——)y 1)
k +a

J&#iﬁﬁ’pﬁy‘j

~ XX

k +a
I ECQ2) AT, I ERAEAS BT R B R R
PEAALREHRERT, 75 THE H A ZRe A s x (1)
k=, AR Q2) T PR A% [l A
1.3 iR
FERNGREAR x SIFALE PR NGFEAR, itk
AT AR X (23) SR BN AL A 7 [B] A

f(R)=k"p (23)

X B FoRaE x Moz SR, HE A
RUWT:

k¥ =x(z,xQ"™) (24)
X Q NEHIERE, KRWR:
(010 - 0]
0010
0=(000-.: (25)
100 - 0]

5E XK R IR SRR AN R A R AR R,
FCHERIIZRREA x FIEREIREA o (4% R B0
S, AIRINN:

K* =C(k™) (26)
X T IAAEA ) BEAE, ] BA R 3R
f@)=K"p (27)

RENH: AT A AR EAE, Hrrg e
BIEIEHRS, WA AT EVEIRBAS k= X BIIIEs
g, ETH, HEARQHRZ NZIED . B
FRCME L I AR S B AR R B K 0 Ak, AT AR

f@=k"0p (28)

FRAE 22 2 (28) FT 58 B A [m A A A I, 3 LKy
AR g it v X)) it 4, Hih(22)
WA K, RQ8)W ST B k=, B AH RS 1T AT
Cig L
14 #ZRHELITE

I AT BE R M HE S AT R, A% AE S BRI T
TR RBERIA K, 2R BN A8 B 1) 3%
Ko ARAT Ao AT AR B RNAR ) EAZ R T B . Y
TR (F 20D RRWF:

757



FasE HTH AR S N Vol.45 No.7
2023 £ 7 H Infrared Technology Jul. 2023
K x) = h(exT) 29) A FbR, R R] DA S R k. T,
v i AP B 7 A1 2 HEATWE] 22 > SRAF AR X IS SRR AL 1A
XY h)RIEREL [FR X1, FIZ R LI REAL, 7 M 2 I ZE ) IR S XIS TR B
K (CoIET) oy OB UHREAIFERIAER) | RO
v WL d, WA ALEENEE, SEE R ISE L
Xt Cenxt e, w1 K.
ko% = h(Ffl (;1 ® ;2 )) (3 1) Infrared image sequence

i A3 1) T A AR A o T e e A L
AR ARG TS A IR, THE AR O(nlogn).
T EA% SR R R U R

x(x,%,) = g(l %, —x, ) (32)
XB2)H: gz e £, XUk E(32) T
x(x,%,) =g(lx I+l x, | —2x,x;) (33)

AT 1 3(33) o o [ ol W6 B, T 5
GI)FEAE P, R RAEP B R AL, 7T
IR E FA

K =gl + P 2 ®x)  (34)
CLEE TN, HHX R EOY:

U5+l F 2 G ®x), g5
n

RES)H: AR, it bR TR

LT e R Bt TS 08 L A R e R i

HAR, HtEE TN O(nlogn).

2 KXEZE

A5 K M) FH A A 9% i I8 SR v x i ] 5 5% 12 B ik
ATAMEE, A R 22 2 0 AR IS B AT AR SR A, B
Jr B AL 5E RSN 85 /NS S H AR . ASCE.
ENR R E W 1 poR.

21 AXEAEEMER

WilRE B AMERT B IR W L FEWElE
ENAMERT B BEREL i— WU E N FERE IR A x, I
SR AR, DL WOSEERE I AREA 2, BN
JEWRAT A HE A GO AR (B (L, BRI R ok
6, THE AN TR AR E . REHs i
— ¢ W x FEAR CAALAS B b AT PR L SRAT RS 56 ¢ )
flith 2/, SEBUX WE Fs Sis s A

X BRFESR B B 0 T 204 R P 91 R )
BRI HFRM S, BT/ BN T RET Tie
gy, RIS/ BAREINAEEA 2 A Tt 2/ iz B
WRAE TAA, AR 7 K 2 HEAT MR 22 73 7] LA —
758

k"% =exp(—

Target recognition

.
|
|
|
|
|
|
|
|
|
|
|

S S

Ihresholding

Cycle shift based on
displacement

Inter frame background motion compensation

feature extraction

1 ARSHERE
Fig.1 Schematic diagram of this algorithm

HAR OB B Sl mi AN B, 99/ HARkL T
X IZARE R R E AL E, v AR, SR
BB BESAT A 2 —AE AR S R

T=at+rX¢ (36)
K e I SR B B AR R AP M &
RN AAXTIS SN B & R R R AL AR HE 2 s r NI,
— M HUE20, 40].

XS SCHR[251H0 AR, FEMIZEVE b 5N T
BRMEAE T HARIS SR AR PR AT 2T i M
LLANEUG AR ¢ MUK EUE Fi(xy)s Fi-dx,y), K13
Z45r B Dix,):

Dy(x,y)=|Fix.y) = Fii(x.y)| (37)

H1 T D) IS5 HARME R FOR A S, X
fir BB K2R IH) U7 223045 B @ N BIE Tio M0 JA 10 —MH &
B Rxy) PR FEAEY 1 B A0 M, 35 MR
B T, WIEKERENE =+ , EE LI,
HE M KT BIME T oAk, el ¢ Ag5/0s B iRz sh i) i
INITERC
22 EERRE

i bl b, ASCERE AT



FasE FHTIH
2023 %7 B

F R G55 W KA R DE B 59/ N 205 H Arderill

Vol.45 No.7
Jul. 2023

Input: 55 i—¢ Al i WLLANEUR, B p, 355
e EMML RS, WEXIRIERE 4, RS W
18 .

Stepl: PLi—¢ WifENFERIIZAEEAR x, DL WK
FERHMAAAE A 25

Step2: AR U(35) R AFALAH K BREL b~

Step3: 43 HIXHAZAH I R k- R [l )AE p 8 HL

A, PRy

Stepd: M4 2 (22) R A5 %] {5 2% 7] it B e Ao FEL - A
et B

Steps: ARAEI(3S)RMALAA S REL k=, FFHEATHE
R AT B

Step6: R k<A1 g, fRAR(28), #HE F(z),

o)A HH T A MR A 7 (BB 4 BRI — 4R R

Step7: AR fz) SRAF MR A (5] U= {7 f5 KB B
(@max, Omax);

Step8: THHEE i WILLANEEARNS T58 i—¢ A
4= (amax— 1, Omax— 1) 3

Step9: XFEF i—¢ MLTAMEUR LA RS B g T RS, 15
BN @ wi AT 2

Stepl0: Xf /Al z 7533k 459 7 oy B HF 4% B e 4
GIXIREE d T EE, BRMTIEsRER;

Stepl1: R4 (36)3K 15 7 FI A T

Step12: #R¥E T X AN IS ShRFAE B3k A7 A1 2 %1
BENE i WL A B E S R

VSR LT AMEMEIRAE n ME R, AHCIER
IE A FE N O(nlogn), F45EFAZ%AH S HE B (¥ )12
BAMETTEHE N O(nlogn), MilA1Z it HE AR
N O(n), BENFHESEBUH R EIRER On), BME S #
HHEREWAN On), 4 Erk, ARSCEFE AT
HERERKN On), BHEIFHEL.

3 MESESXES

AR SCHIF 4 1 21 40X i 03000 A R B0 S 2%
PERUAR B PE . B AR 3R BN Intel(R) Core(TM)
i5-10500@3.1 GHz, RAM:8 GB, # ¥4 }y: Matlab
R2016b. FH1525 4 ikl SEA0 2 200 i, EEK
/NN 256 X256, MRAERTER H AR RS E A %0, 55/ H
PRIZEEEELE 8 Wi AT, X5 A1 [ Fii S5 ¢ 15
SR 5, SLI R AW 2 FiR.

1E 4 PRy S e &5/ Bix COFERD

Hh i FEMAR, EBREZ MM, WREAER
SREEEUR TR o — AR AR IIE, MRS
AW, HARGREAR: W AR fEE R, R, JIESE
DRI LG TR, AR IIFEIER .
R EATEEL R, MR T PR 4 Fhllik
WA R Sz,

(a) (b)

K2 Wil soRzEl. @5 0% = (o =; (d)
Il
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Fig.3 Relative characteristics of Scene one at different interval frames. (a) First frame image; (b) Third frame image; (c) Fifth frame
image; (d)Tenth frame image; (e) Relative motion feature of the first frame image; (f) Relative motion feature of the third frame

image; (g) Relative motion feature of the fifth frame image; (h) Relative motion feature of the tenth frame image
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Fig.4 Relative characteristics of Scene two at different interval frames. (a) First frame image;(b) Third frame image;(c) Fifth frame

image; (d)Tenth frame image;(e) Relative motion feature of the first frame image;(f) Relative motion feature of the third frame

image;(g) Relative motion feature of the fifth frame image;(h) Relative motion feature of the tenth frame image
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Fig.5 Relative characteristics of Scene three at different interval frames. (a) First frame image;(b) Third frame image;(c) Fifth frame
image; (d)Tenth frame image;(e) Relative motion feature of the first frame image;(f) Relative motion feature of the third frame

image;(g) Relative motion feature of the fifth frame image;(h) Relative motion feature of the tenth frame image
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Fig.6 Relative characteristics of Scene four at different interval frames. (a) First frame image;(b) Third frame image;(c) Fifth frame
image; (d)Tenth frame image;(e) Relative motion feature of the first frame image;(f) Relative motion feature of the third frame

image;(g) Relative motion feature of the fifth frame image;(h) Relative motion feature of the tenth frame image
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Fig.7 Detection results of scenario one. (a)Single frame image in scene one; (b)The first ten infrared images of Figure a; (c)The

difference results of Figures a and b; (d)Motion compensation results in Figure b; (e)Difference Results of Figures a and d;(f) The

result of edge zeroing in Figure e; (g)Relative motion features; (h)Target detection results
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Fig.8

Detection results of scenario two. (a)Single frame image in scene two;(b)The first ten infrared images of Figure a;(c)The difference

results of Figures a and b;(d)Motion compensation results in Figure b;(e)Difference Results of Figures a and d;(f) The result of

edge zeroing in Figure e;(g)Relative motion features;(h)Target detection results
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Fig.9 Detection results of scenario three. (a)Single frame image in scene three;(b)The first ten infrared images of Figure a;(c)The

difference results of Figures a and b;(d)Motion compensation results in Figure b;(e)Difference Results of Figures a and d;(f) The

result of edge zeroing in Figure e;(g)Relative motion features;(h) Target detection results
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Fig.10 Detection results of scenario four. (a)Single frame image in scene four;(b)The first ten infrared images of Figure a;(c)The

difference results of Figures a and b;(d)Motion compensation results in Figure b;(e)Difference Results of Figures a and d;(f) The

result of edge zeroing in Figure e;(g)Relative motion features;(h) Target detection results
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Fig.11
(e)-(h)Target detection results of MPCM algorithm in four test scenarios;(i)-(1)Target detection results of RLCM algorithm in four

test scenarios; (m)-(p)Target detection results of RCCF-TIR algorithm in four test scenarios;(q)-(t)Target detection results of
GF-KCF algorithm in four test scenarios;(u)-(x)Target detection results of KCF-FF algorithm in four test scenarios
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Fig.12 ROC curve of each algorithm under four testing scenarios. (a) ROC curves of five algorithms on scenario one;(b) ROC curves of five

algorithms on scenario two;(c) ROC curves of five algorithms on scenario three;(d) ROC curves of five algorithms on scenario four
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Table 1 AUC value of each algorithm under four testing
scenarios
Test scenario

Algorithm Scene One Scene Scene Scene

Two Three Four
MPCM 0.9252417 0.9878632  0.9964728  0.9397536
RLCM 0.9933118  0.9945269 0.9982756  0.9528677
RCCF-TIR  0.9961529  0.9953715 0.9989752  0.9874292
GF-KCF 0.9982573  0.9979236  0.9990135  0.9946382
KCF-FF 0.9999892  0.9997392  0.9999948  0.9986514
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Table 2 The running time of each algorithm under four testing

scenarios
Test scenario

Algorithm Scene One Scene Scene Scene

Two Three Four
MPCM 0.038 0.036 0.028 0.043
RLCM 4.082 4.017 3.825 4.263
RCCF-TIR 0.052 0.049 0.035 0.059
GF-KCF 0.019 0.018 0.011 0.022
KCF-FF 0.025 0.024 0.017 0.031
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