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An Adaptive Tracking Algorithm for Infrared Dim Small Targets
in Complex Scenes Based on GLMB Filter

CAI Ruhua', ZHOU Jianbin!, WU Sunyong'?, ZHENG Xiangfei'
(1. Mathematics and Computer Science College of Guilin University of Electronic Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Cryptography and Information Security, Guilin 541004, China)

Abstract: In this study, we propose a robust adaptive tracking algorithm for infrared dim objects that addresses
the problem of tracking discontinuities and failures caused by missed detections and clutter in complex scenes.
In the pre-processing stage, an algorithm that measures the image complexity eliminates unnecessary
calculations. This algorithm determines the scene type by calculating multiple features of the infrared image
to obtain the scene complexity, and then selects the corresponding detection algorithm to extract the target
candidate location, grayscale and local histogram features. Subsequently, a measurement model and likelihood
function are established based on the scene type. In the tracking stage, to flexibly match the filtering parameters
of the generalized labeled multi-Bernoulli (GLMB) filter, an adaptive algorithm suitable for video image
distribution is proposed for track initiation. Aiming at the unknown detection probability of an infrared image
sequence, a cardinality probability hypothesis density (CPHD) filter was integrated into the GLMB to estimate
the detection probability of the target in real time, thereby improving the accuracy of the tracker. The
simulation results show that the proposed algorithm can effectively track small infrared objects in different
complex scenarios.
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Fig.1 Diagram of infrared sma

Algorithm 1: Classification algorithm for infrared image
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Fig.2 New born intensity controlling mask
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FEFE 1 P33 SR A 1) 2 BT S5 Sl 15 A%
tt. (signal-to-cluster ratio, SCR) & X AP2:

K pug Ros A RRPITE X I E i A ERT32Y
fHs Gime R FURI(EARIHEZ -

;utg - :uimg |

SCR = (42)

img
R 55/ AREIRRERR

Table 1 Infrared small target data set information sheet

Dataset  Average SCR SCR Variance Description Type
4 3.75 3.646 Close range, two targets, sky background, intersecting flight Simple
6 5.11 1.571 Moving near and far, single target, ground background Simple
8 6.07 0.159 Moving far and near, single target, ground background Complex
9 6.29 17.086 Moving near and far, single target, ground background Complex
13 1.98 0.886 Target moving near and far, single target, weak target, ground background Complex
15 3.42 0.965 Single target, target maneuvering, ground background Complex
17 1.09 0.353 Target moving near and far, single target, weak target, ground background Complex
18 3.32 0.165 Target moving far and near, single target, ground background Complex
20 3.01 1.485 Single target, target maneuvering, sky background Complex
22 2.20 0.150 Target moving far and near, single target, ground background Complex

(c) FHLE9

(b) Hfrtke
. .”(b) daast6

(a) &4
(a) dataset4 (c)__ ggtaset—%

) BEKLS (o) BUEEIS () BuE#22
(d) datasetl5 (e) datasetl8 (f) dataset22
(RT3 AW RN E R 3 €/
Fig.3 Partial infrared small target datase
3.1 EgMESENER T

TV IRJE— YN 2 TR ES B 0 K45 R,
A UAE PR E B AE 13. 17 LR 22 [5°F 5 SCR 1R
&, FIEAUIIHAE N E AR, AW A0 fn
4. &5 pron. B4 1 4 5k B O EdE AR 17 AR5k
KIERIEER . BEREEE. PSNR LI SSIM
2. X R E BUGEIHERE Te=6, Tco=
4.5, Tesne=35, Tssm=0.3. AMEHR HEHE 17 KE LR
RIAE R B R T HEBME, REZHF SCR A
X, HEGAEFEREEL K, HRERN. W,
PSNR Hl SSIM 2253 5 SNBSS 542
WER. ERGHE L, SE 4 MSEHIRE {0}
=1{0.2,0.2,0.3,0.3}; FEBRME Tc=0.5, HiEk2HH

aNAETRR -, BUEY 0.01. 3G & 4% BE A
Wik s R, AL RSN R SRR E 42 R B
O HZONE I 2 BRI BB R IE . EEBE
TaRM LGP I R R cE S, &R
R Lt 2 DR AP BT I T o, B T ST A BRER
IR NE AR5

Entropy 1/Cov
3.38

7.01
3.36

3.34
3.32

7
6.99
6.98

33
6.97
3.28
50 100 150 200 250 50 100 150 200 250

(a) 155005 (b) BFHRH

(a) Entropy (b) Discrete coefficient
diff PSNR 4 diffSSIM
10 X80
l Y 2.49654 05
10 -05
50 100 150 200 B 0 50 100 150 200 250

(c) Z4rPSNR (d) Z4rSIMD
(c) diffPSNR (d) diffSIMD
4 B 17 BB FSRHE
Fig.4 Image sequence characteristics of dataset 17
FE A AR B E L, B 6 A A R Lk
2, H, Tee= timgT58mgr Tmin seg= fimg — 28mg o
P AE 285 A 7y 31 )5 15 2] A A RS G 3EAT 1% 8
b, LEBRATTEE/NERIR (2X2~9X9)
M. WA 6 o, ASCHILREAH ROt 59/ H AR
BT S AT 0 H o

749



Fa6E FTH
202447 H

a4 BR
Infrared Technology Jul. 2024

Vol.46 No.7

0.9

0.8

07 H
06
05
0.4 N
N
03

02 S

0.1 =~

K5 Bk 17 BEBRERE G

Fig.5 Image complexity distribution of dataset 17

Target mask Local response Local peak

(a) HbriE=R
(a) Target mask

(b) JRH R

(b) Local response
6 HAREER. Hbr RN R e
Fig.6 Target mask, local response and peak
32 FNERREREEERSR
£ GLMB JEEH, bR 5 R & A A
NEAE I, 52 N

(c) JaiuefE
(c) Local Peak

f+(x+|x):N(x+;F(x,w),Q) (43)
g(z]x)=N(zHx,R) (44)

s NCsm PYRIEN m W7 28 P (e i L
0 =diag([0.1, 0.01, 0.1, 0.01, 10])> Jyid F£n 75 o 7
;. R=diag([1,1,10])* NEMWTT %2: F RIREHH
e, H NEWRBUGERE . %8 RENTE T=1s,

fH:
[A4 Oj
F =
0 1

1T 00
01 00
A, =
00 1T
00 0 1
10000
H=[0 0 1 0 0
0000 1

BRI E L, D HBRRAEAER ps

750

=0.99, FKBECN 1000, FEARMIARL 7341 I A4
SR k= AUZ)H, A=10 NERALTHAN I 2L
UZ)=1/MN IS0 MR R B B o B A 9 D
B iR & rE

Z(x,a) = iw’ﬂ(a;sj,tj)N(x;mj,Pj)
=

X J, o, &, 4, mds Py =1, e, JORNEE IR
B BA BRI INEER o BN IR0, id
HBass ). AW NIBEVIESHK TN s=08, ¢
=02, HIHEHAVIGEHMEA 0.8, P=diag([10, 2, 10, 2,
100 ETAEEWRI T2, m e BArrI1E, J
DU B AR AN H A R L TR E

X T A W A A W SR v B R R T 38 B
(Average Miss Detection Rate, AMDR) D A iz 115
itk (Average False Alarm Rate, AFAR). AMDR A
TR MR A R R R T b . R R B R
FH3E H A5 = A2 0 =003 3 5 4 w2 A
AFAR N4 BT ik 2 5 L B35 . O T &
FRERPERE, X THHAR, RABITRIREZEDD (Root
Mean Squared Error, RMSE) & HFrEMKEE;
RMSE FIFRHEZE 1LY Raa BT B FRER AR ENE; I
R [14] 7 1R e =K A BR B3 1 B DI % (Accuracy Rate,
AR) PR HERIZ (Precision Rate, PR). Hiv, Ih
BRER € SRS THIY HARALE AL T DR A O,
KA IXYBERIARERES, AR WE SN Rl
PR M o 12 M B S TR EE R o AR R R U S
PREEME R /NIR A 3X 3. T2 HARERES, RA&K
fIt 7 15 50 43 Bt ( Optimal Sub-pattern Assignment ,
OSPA) R [A] I 47 & H br & ALK B2 5 B br 2= 45
J%. OSPA & K2R LA 5 FH S HbRBENL
AR ZE, 43 nink EH Asfr R 8 RE (0 4k v 3 47
WAL, Hr, OSPA EEERIMEGLE N 1, #BEEES
M 30.

LRFS RIFEITATTIEAS[E] 73 oxd B R EEA il 1 5
12574 (Joint Generalized Labelled multi-Bernoulli,
JGLMB ) DL & ( Joint Labelled multi-Bernoulli,
JLMB) PO, i ¥ AR S0 Bk ek B 4 il id
JGLMBAD #1 JLMBAD. i, XIbHE R RS
I B IE BT AR B, AR SRR SO I B i B
BrESEE. BT RN T ARSCEIEA LSRR A R 4L
bR N ERER AR . Horb, ESTH PR H PO K
BT 9X9 R/NM AL B TR HE bRV, AR X BRI
JLMB H1 JGLMB 5373 5l i F i 4 Se 2 R T AHE AN £
R LR IUAERE, AP H% JLMBAD A



Faok FETM

20247 A N,

Vol.46 No.7

H T GLMB JEW I E 2235 R 40559/ B bx E 31E M IR R H Jul. 2024

JGLMBAD 73 A H 3 B FV K R TERERRTE . 1] 8 XTI
172 %2 HARERER S s A SCHRE S X ELEE ) OSPA
Wz H, MW BRI EARIRE. MEIRE
PAKHEHOR 7 . B9 RFEE XTI, BN
FSEH bR B AT, W R AR SRR T
i, LR N IR SRS A0 i o JGLMBAD JE
WA 5100 IREFFR D B SL50-F 35 BR R PR RE 1k
2 o

(a) BUHELE 4 PREFSER

(a) Tracking results for dataset 4

(b) HHE4E 8 BREFLE R
(b) Tracking results for dataset 8

(c) Biddk 9 R R

(c) Tracking results for dataset 9

(d) F¥Rde 15 FRERES R
for dataset 15

PR

(d) Tracking results

(e) Tracking results for dataset 18

() e 22 FRERAE R

(f) Tracking results for dataset 22

K7 AFE ST FERERRCR

Fig.7 Results about different scenes

K7 oI e n sk 4. 84 94 15, 18 LK
22 MR, BARE 4 hE Bl S, HR
RSO HARIRER ) 5. A2 2 H AR Lbdy Strb
AR E Hbx, BAE H AR 85 B T 1% B

HL3h, JGLMB A1 JLMB H 8L 7 A FFEE K H b
B, ARSI I B AR E IR R B AR . 7R H AR
X, HEAE 8 MR IRE mLahg R, BdEAE
15 LUK 18 N EFRHLANZ 5. TEHHESE 8 56 58~66 il
REEIWENTR ¥ RS RS R AN DA =N S i U D T M A A N VY3
B, A SRR EEAE AR IR AL 55 H bR AL B
BN, TEEEEE 15 25 35 Wik, JLMB HELEAS,
JGLMB H 8w . s 18 T Birblsh, FrEuE
Beas B I mAS, i HEESE 18 W LLKEL, JGLMB
A1 JLMB % & 55 K.

CRAXTEHR 2, RSO B ENETEATA B H R
st BA 95%UL F IR RER R, JUHETES 5
22 AR TR R AR R R AR DL 25 R MR S R
Br. TERREFMERAIE L35t 150 17 BT BHisblsh By
FORALEL, DR RS A BT R B

g

=

OSPA Dist
=

(a) PRS2
(a) Distance error
30
8 JGLMB
S0t ===+=='JGLMBAD |
&
‘8 10
’ 50 100 150 200 250
(b) FLERZE

(b) Location error

L RN

150 200 50

OSPA Card
=

(c) EHRE
(¢) Cardinal error
K8 OSPA iRZEXtLL
Fig.8 OSPA error comparison

Cardinality
N
233
=|

Ko FEEAGTH AT B

Fig.9 Comparison of cardinality distribution estimation

751



Fa6E FTH 4 4 H R Vol.46 No.7
2024 %7 H Infrared Technology Jul. 2024
B2 ASCEELEAR R AR AR R 4 4 g

Table 2 Tracking results of the proposed algorithm on different

datasets

Dataset AMD AFA AR PR Rstdx Rstdy

6 8% 2% 95.2% 93.6% 0.43761 0.86444
8 8% 9.5% 97.2% 89.2% 53831 2.6797
9 10% 11%  98.8% 92.4% 0.8031 0.8671
13 2% 0% 100% 98.8% 0.5980 0.6135
15 2% 8% 97.2% 86.4% 1.1927 0.6202
17 10.8 6% 100% 67.6% 1.2950 0.9641
18 1.2% 0% 99.6% 99.6% 0.6654 0.5817
20 0% 0% 100% 100% 0.2274  0.2453
22 21.6% 28.4% 96.8% 84.8% 1.2324 0.71792

TN AR SR Y R S ) b VR AR I (R] B Ak
. ACTE CPU %454 AMD Ryzen 7 5800H, WIA7
N 16GB MZ LA FIg T T AR RIIER A, T
BEFA HEROBIEE 4 FsaA BAREISdESE 8. M
F3ITLURIL, M EBCA—ANE, ARSCHTHE
BT SE. LMB 2% T S0 R 8] 52 44 5 N
0z, A5 N CPHD &M=, Hii+v)
SR R E R 1 5 R A B [E R O(1ZP) . AR B B
T S MR 2 (R A TH 2 S B R 2 1
R, Fitk, Bl Z HEEOE K SR RO T
LMB 5 GLMB & in 5| & i (e Fed . 1124 B As A
—F, BT ENER I, CPHD 7 K
iz E A SR A EREHEE . Hik, 78
B 4 1, AR JGLMBAD Sk S T
JREE5E. 115 GLMB JEB A, HA [ LMB 3E)%
MMEREZ Hinflk, HILEERBERZR, BfA
FHR s AN A . B, JLMBAD #ikY5 JLMB H
RIBH BT JIGLMB 5%,

3 MU BT R

Table 3 Average time cost of every filter

Filter
Dataset
JLMB JLMBAD JGLMB JGLMBAD
4 3.8125 3.2813 7.625 8.8175
8 2.2031 1.951 2.625 1.6563

s 8~ 9, MAIERZE b, itk
JGLMB 7EX} B FRiZEAT Al v i 75 2 — B (A sk, 1
JGLMBAD 75 & T-5Gdk i & BT AR 5%, ReAE—JF
MU S B s BRI B B Ik, £ 140~180
M b (8] BE 25 B0 X AN X (8], AR SRR A B
B BRUbZ AN, ARSCHEVEIS A TS R R A A
REAK.
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