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Research on Real-time Tracking Algorithm for Multiple Dynamic Targets
Based on Real-time Remote Sensing

YANG Ye, WANG Leiguang, LIU Anging, ZHANG Yan, ZHANG Yongsheng
(Faculty of Geographical Science, BNU, Beijing 100875, China)

Abstract: Multiple dynamic targets are often affected by factors such as changes in lighting, mutual occlusion between
targets, and dynamic backgrounds, resulting in poor tracking performance. To solve this problem and achieve accurate and
timely tracking of multiple dynamic targets. a real-time remote sensing technology is utilized to optimize real-time tracking
algorithms for multiple dynamic targets. Firstly, this paper sets standard features for tracking targets based on their struc-
ture, color, and texture characteristics; Secondly, the real-time remote sensing technology is used to dynamically obtain
target remote sensing images and achieve remote sensing image preprocessing through steps such as filtering, defogging,
and occlusion processing. Then, a background subtraction method is used to segment multiple dynamic targets in remote
sensing images, and extract the features of multiple dynamic targets from both structural and color aspects. Finally, the
recognition and localization of multiple dynamic targets are achieved through feature matching, and the motion of multiple
dynamic targets is estimated to obtain the tracking results for all dynamic targets at any time. Actual test results show that
compared with traditional algorithms, the optimized algorithm significantly reduces tracking errors and increases update fre-
quency in global lighting and occlusion scenarios. It has a higher tracking accuracy and real-time performance, with a good
application effect.
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Liack = Lpredicrion (L T 1) &= Ax
Visack = Ypredicion (£ 1) = Ay
Kb, Ar B Ay S H bR AL AE K F FRE 5 ) 1Y 18
i, MR, B EREGR T ITE B SRS
Mg, TS HREMNBE T/E. 48, T
B 3 B 2 3 2 H bR S BB B B A T i AR W A 4
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| ISR KA AERE A7 2 35 H AR 5 \
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HiR

4 TRV RE RN 22 3 25 H bR S 38 B R T ST 09 R P

2 KSR

R AL BB R BB AT R . BT SE I 4T S
B o MUK ST 43 i DA GB R ORg B RN 3B 5 S5 B AN 1
AT, HEEARNM RN . 2545 FEARMELR Y
0. XEE MBI BARETIB R, ) 2 2 IF IR 8 L
i BB AR A, ARIBGE G ER , ma fifbikit
EMEBEITRNZHEHRNERBESR, SR
B SE B AL B A B R AT U X, 15 H B i B v S R R 0 )
WA MBI mh R Ik, R X A8 B B
TR R, AT B2 B b 1 T i Y S
2.1 A EHSEREEES

MR S0 VE BRI T £ T B/ A LI IR E . X I,
WAL S 2R RN AL T H, MW ETHER
JAIRTT £ T8 THARAE R, BT aF ok 60 km/h, W
M6 i, HFRETEWMIEN N EEMAITE, AR
SRZESHEHEN L 2ET. FTEFLBHEHERK
EMERETHFER, FEARALH G, FTERSE
AN T FE AT AR 38 B A e 06 B B fE 48 I i
WAT . VLUK SEIE L% G B 1) 2 50 A 38 FEAE NGB B
L, AEBENBTERPHERRR, LAALER
SERLE MR, EZARRET, SR 2SR
FEAT BB 20 1 S Bm Aor B8 804 - LA B A SR e e Ak it
BB B L XY RR ME . DLGE BE H AR TF 4R 1T 30 W)
RBS ], BFE 5 s iFAT — UGB B, 3 4% WA [H) 0T ga
iEeags, HELEEEANZLTE L GPS EN
FEERFIAZEMWAEAR L . 0N H iR
o BEE, BN m. 55 % BN E R RIS 2 A4
WS ERBEES, K238 HiriBEES
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e, S T RVRY BN £ 8l A5 F AR SE R E BRI AT R .+ 205 -

S ERE 1 R,
F1 ZaA B ARG AL S BURE

S ] 4 NIRRT L PR E | AR 2 PR E

x Bl N x v #ih
1 8 66 2 297
2 8 89 2 284
3 8 102 2 262
4 8 123 3 258
5 8 139 4 243
6 9 151 5 220
7 10 170 6 195
8 11 185 6 183
9 12 192 6 164
10 12 207 6 157

22 EBESHTEFEEHER

U (A BEH 25 6 5 5 A BR AR . 4
P 4 L U 5 AR 5 L b
R 9 0 4 480 B S 0 00 2 0 9 5 5
AU 3% PR 122 00~ 14 00 R SC BB B, 20 B
IS I 0 FLG IR B AR 36 85 45 3
PR R R IR R S5 TH. M
H L B SR I A 2 A A SR .
B FL BRI 40 o A B T SOOI T 3% 11
B SRR F GRG0 R AR . SR LA PR
SIRBET . AT S B0 BB I3 B A
2.3 REFDKDAEREE

AR T 45 0 PR T ORI 05670
B 5 0 B ADST00 fL7 BERS LA B IR A R
RSB SRR S CCD LR WA I B R
AL T RS . B A E 15 & CCD 14
L. A BT 4B 20 000 pixel. (&% K/ g
5 g {2 R TSR AR RS I 9K H
PRI S U B (R 4% IR R A AR KL 4
R W A RSB L T R
LI BB R AL

EE LA TN T R 4 9 B G 1
XETAT LB 05 2 A ol B R R 6 3 5
B BUBLCHLA GITALRR . WACH A TR T R T
A BRI {6 4050 A0 T A0 0 00 B
RO AL R 23 9 B I A 6 9 OO0 17 2%
TS
2.4 BRENHEBKAETSH

s M B S 6 96 [0 0. 77~ 0. 39 .,
SrHEER g 1 366 x 768 px, MEIGHSA]E 11 ms. fEEKE
A MR S LI T R EFE B0 800 m
A5 m/s, SO B HE N 150, 12 6 V86 5 11 V- 4 4
A LA 0 T

2.5 HRAZIHEBEHFRLRIEER RN RE

Al B T 2 T B & 3% 22 Bl A5 B AR S5 i A BR 5
P LR A B L AF Ubuntul6. OALTS R4 1, L
%A GTXTitanX12 GB {8l 37 2 K, AEHLER 4 8 O
64 GB NfEIy CPU, b4k, RGEEER T GPU H & T
H. CUDAY. 0 ML 2% 2] Jin# 2 CUDNN7. 5, LSz HRE
BE2E I N . R TR BE 2 S HE SR I Tensorflow , %
i B PR AT BR 52 I J2 5L T Python3. 5 fiAS . 1E4 RJG IR Y
SN I 2242 1 BRI Ao 8 JB O A R I SRR R ARl
Bl FRIESR I, SERbE M AE TR, R 2 A HR
EOBENZEAE N E =N B 25 PO R TS R 2R T EAE S
5 PR

(A% 3h 2 H bR s iE e [=5=)
B S £

BERE R

B H Rl

B EE20m/ s
BB E (8, 65)
WECEE
Bl E26m/s
BEALE (2, 296)
B HH53:

B E B 32m/ s
JBEEALE (8, 355)

ST 5Bt
2 A o
SZYFE T

K5 a)alt s T 2305 HAriB g g R

e 1 3R Ty ST A SE g A R I A I 2 2 B A5 H
PRIV BRI N A5 A . BeAh . KSR U = P 0
AL AR, A H AR B RS R AN IE 6 .
=)

CEE e

B 2 1 ) £

JBEREE R
A HIRL:
B3 H B 20m/ s
JBERLE (8, 65)

A& HER2:
B3 # EE35m/s
7 BB (2, 123)
A HAR3:
Bah# R 28n/s
JBEELE (8, 495)

5t
MEIEPIAE7R B
4R I st

K6 it 2 HARBERE R

LR BLEICHER [3] gk T 2R P B2 H s
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BERAL. CHER [4] H 3T Transformer Flf7 B 2 31
1) 22 B AR I8 BB AR o SR X B, A AR [ A S 56 3R BE
T SLHREEEWIT LR, HERWMLBE R THHEE
EIFRE RN RN 75
2.6 1ZE ZohSBIRIERIEEREMEREMRIER
FRAE S5 H . 43 3 3B ERRG FE 38 R S B 7 A
J7 T BB AR bR . o, 38 BN B R DK AR i R
BERIR2E . AR AR IS R

E([) — 2 ‘ I:calny ([) _ 1<:rz\ck (l) ‘_~_‘ y:culny ([) _ y:rack ([) ‘
i=1

2D
A, L™ Ly ™ (0] g ¢ WEZVHS ¢ A H bR B9 S B AL
BARKR 3 1 N TRIBER B H FR RO . BEAL . 3B BR SE R
FA I A A B B HEORTUR AR AR B DA R AR

nmwzﬁ$i (22)

I nene FIT 0 590 Ay 308 B K00 1949 B 357 U 50 A7 O 3B
Al AR Bk, RS A R 2 U N . IR
B X 7 B35 1) 38 ORGSR PG . R T A 3 e R 15 BH X I B
T B SE B PR AR .
2.7 ZMEREHDH
2.7.1 ZROCRYET BB
FEEREREET, Bkt 238 BiriE R
SEIR M S0 5 WA I B ORG RE E RE A 3t
g5, HAkngk 2 P,
%2 RRIYR T LA H ARG R %

S kel gy | O Lransformer | LRI A
e Mty | MUEARND | B H
S H bR 38 B B 3 B
WIS | Az | AZBE | AR | AKBR | A% | A%
RIS | 2 | /1% | F2% | /1% | Ko
Bl E | BRACE | BRACE | BROCE | BROLE | PRAE
1 (7,60) | (2,296) | (8,62) |(2.,294) | (8,65) [(2,296)
2 (8,81) [ (2,284) | (8,84) | (2,281)| (8,88) [(2,285)
3 (8,108) | (2,262) | (8,106) | (2,265) | (8,102) [(2,260)
4 (8,129) | (3,258) | (8,120) | (3,253) | (8,122) [(3,258)
5 (9,130) | (4,243) | (8,136) | (4,240) | (8,138) [(4,242)
6 (9,159) | (5,220) | (9,155) | (5,224) | (9,150) [(5,220)
7 (10,178)| (5,188) |(10,173)| (6,192) |(10,170)|(6,195)
8 (10,177)| (6,188) |(11,181)] (6,187) |(11,185)|(6,181)
9 (12,199 (6,169) |(12,195)| (6.,166) |(12,190)((6,165)
10 (12,200)| (6,150) |(12,204)| (6.,152) |(12,208)((6,156)

Bk 2 P AL 2D B, Bl s T
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B BRSSP R T, 3 R B R
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IS EE 2R, nIE 8 BTR

50
=
E a0l
X
% 30 b
=
Y
i
i
;Ug n

1 2 3 4 5 6 7 8

BRI RS
— — - ETERRBRAN L HIRBERTA

—— H:TFTransformer QL B LR IM £ H briBERHVE
FEF B R IR K 2 B A H ARSI E BRI
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BL . B ARG BEAE 2 GU Y iz T . 7R U
For . i RV R SR GIA . O T Eh A H
I IE B A0 B S TR R X T A sl R e SRR R A S
W . FEFIEE . GCH NS K A AR BT IR A 2 A4
R Tz R BT B

¥R MU www. jsjclykz. com



S TRV RY BN £ 8 A5 F bR SE B BR R AT R - 207

5 10 39 LD
SE Lk
(1] 2 5, Kok, B —. JF MPSoC iy & &l & H #5

G B 3 W s Y (0. MU RGR [ 538 ik, 2022, 43
(1). 58 -68.

(2] EHME, TRASR. 48 &, 55, ST UE BRI Z M 2 1
EIRER BARR I vk [J]. Mot BT K223k, 2023,
47 (3). 330 -336.

(3] skkEMs. B H. 9k B8, 55 BT 2KBRAN TS
ZHABERE R [T HHE#EHR,. 2023, 46 (7).
1366 — 1382.

(4] % Bt. HEICVE. 3k %, . T Transformer M H
2y B i 22 B bR B BR L (1], HPCHE R 2k 2 4
(ASBLEMD . 2023, 35 (3): 563 - 570,

(5] A4 M, E%MH, N ., 5. ETIHSBEREHYEELE
M2 BAR BB S [J]. FAMORZ 2 (2R, 2022,
52 (5): 1106 - 1116.

[6] KAMKAR S, MOGHADDAM H A, LASHGARI R, et
al. Brain-inspired multiple-target tracking using dynamic
neural fields [J]. Neural Networks, 2022, 151 121 -131.

(7] Z9%me, TARIR, JIEAE, 5. BET s B3k n 2z 4 5t
HEH G B BB Ay [J] U5 A 0H
fie. 2022, 35 (1): 82-91.

(8] £k, #MEZE, R, %. BT Relnspect HEMZ
Hiriggs (1. 2R, 2022, 43 (1), 470 474,
L9 BRJ7oy, AR T g RAVEBL Y A & N R B br R
A U] Bot 5t o, 2023, 60 (4): 239

- 246.

L10] EYL. N %, Bi/hgE, 2. B T3 A Transformer
e B AR R Bk L], Hmob 54, 2024, 31
(2): 52 -57.

(1] BRERH, AR, % fi. ZHBNEREXEI LGS
Pefe s s [T, B RCHEE W R 2 22 4R (A AR 2 MO
2023, 43 (2): 27 -35.

(12] Brpfae. Rz, XRA. % T IRUWBHEMZ
A G S RBE [T BIF¥HR. 2023, 34
(12). 5457 - 5476.

(131 #h A, FRUCTE. WaEIE. Tk ob AR AL R8s 10 = A
B HAra g [J]. WMot S5 7ot . 2023, 60
(6): 396 —406.

(147 AT, PREGHR, yEng, . A5 T 2T
B AR Hash _ LBP iz g B b s sk [J1. Jer
FHR, 2022, 51 (9): 292 -308.

(151 BR %, MADE, EUEE. &5 BT )RARH R B Em
AR AT B EE Sk [T]. R ALR AR, 2022, 49
(8): 150 —156.

(1614 M. & F. 2 . % )BT K2R A R
R AR EE S (U] RN T RS, 2023,
59 (17): 159 - 168.

(17] Bk 3L. 3k Wi, #8 Bi. % BTk Mg
O RE % B G A 0 B ARG Sk [T T2 4. 2023,
51 (9). 2588 -2597.

(18] 2=jis, A, FFHAH. %. Fla SPP 5 FPN KL
BIREGRAL A s [J]. s 5 s, 2023, 30

4): 6-11.

(191 % #. & %, 2 X, & BESG/DN HERGIBE
sk (1] P EEZEE =M, 2023, 28 (6). 1662
-1684.

(200 @ A, Z& 4, H fB. T YOLOVS Bye @ iRk
G EFRRMER [J). RETRESHEFHEAR, 2023,
45 (5). 1270 - 1276.

23,239,292,299,299,299,939,999,999.299.299,099,999,939,999. 299,299, 933,990, 999,999,299, 299,933,999,999,299.299,099,933,939,999,209. 999,233,299, 999,999, 299,290, 993,999,999,299. 299,099, 033,939,999,299. 209

(4255 182 3O

[18] SILVIA A, M C R. Networking brainstem and basal
ganglia circuits for movement [ J]. Nature reviews.
Neuroscience, 2022, 23 (6): 342 -360.

[19] NAMBU A, TOKUNO H, TAKADA M. Functional
significance of the cortico-subthalamo-pallidal ¢ hyperdi-
rect’” pathway [J]. Neuroscience Research, 2002, 43
(2): 111 -117.

[20] FORD C P. The role of d2-autoreceptors in regulating do-
pamine neuron activity and transmission [ J]. Neuro-
science, 2014, 282. 13 - 22.

[21] MONTAVON G, LAPUSCHKIN S, BINDER A, et al.
Explaining nonlinear classification decisions with deep tay-
lor decomposition [J]. Pattern Recognition, 2017, 65:
211 -222.

[22]7 NESTEROV Y, POLYAK B T. Cubic regularization of
newton method and its global performance [J]. Mathe-

matical Programming, 2006, 108 (1). 177 —205.

[23] BAUSCHKE H H, BOLTE J. TEBOULLE M. A de-
scent lemma beyond lipschitz gradient continuity: first-
order methods revisited and applications [J]. Mathemat-
ics of Operations Research, 2016, 42 (2): 330 —348.

[24] YANG Z, CHEN Z, WANG C. An accelerated stochas-
tic variance-reduced method for machine learning prob-
lems [J]. Knowledge-Based Systems, 2020 198.

[25] DENG L. The mnist database of handwritten digit images
for machine learning research [ best of the web] [J].
1IEEE Signal Processing Magazine, 2012, 29 (6). 141
—142.

[26] SZEGEDY C, LIU W, JIAY, et al. Going deeper with
convolutions [J]. CoRR, 2014, abs/1409.4842.

[27] BAEW, YOO]JJ, YE]J C. Beyond deep residual learn-
ing for image restoration: Persistent homology-guided
manifold simplification [J]. CoRR, 2016, abs/1611.
06345.

¥R MU www. jsjclykz. com



