%46 % % s
2021 4% 8 J

BBR S E AR R PR

Geomatics and Information Science of Wuhan University

Vol.46 No.8
Aug. 2021

DOI:10.13203/j.whugis20190333 AR

XERS:1671-8860(2021)08-1247-12

— Rl A e LB S 1 T I S B S R B T

wEAE Fg' HKEHS KEKR® XNHE KER’

Raog' # -

1 LT TREARKFIL GRS 20 LT BB, 123009
2 P E R B A RAE BARHTF ST B L b, 100101
3 P E R E ST BE L AL 5, 100036

OB A I ORI B R RIE T i R A R TR R R mILA AT AERA R R T
AT A 7 ok SAT AN BARE, TR R LR Ao i 5 P 42k T — A & & A 475k 09 & RS 4T SRR
Fik. BRAAMGHRGBARTHERHL, FIRRAAFGRINBLELN TRIZDAFGLEEF;RE, KA
PR 22 18] VT 4E b Ae R VT SE MR 69 A8 K OB Ok ik I BTk b 69 B OARSRIR . AT B Sk e AT AR A &R
JA e ik A2 4k 45 4E (speeded up robust features, SURF) IE Bt i+ F A8 4R 4% 3k 1) 49 3 5 46 M, A0 % 3R 32 B AR 2 F —
PR PHRERZRERBR ;AL H RGBT R HRAEM LR EINT AN LSS RE, RAEL
ZEAGINRBRRTT RN K, FBEREN, 5 YA 2R T FA, ZF ik E R R IR 6y K al

LA BIFIRIZ AR TR B 218 Wi /s, AARRBENR HBE AET R AEBEILTRBERL LR S, 5%

BAR k& SRS RAE
KGRI - A T M AR T S 95 A KSR IR S H
FESES P237 XHRAREHD : A

AR BRI e B30 W 5 28 A 5 52 I ik A
TP ST A PR ST TE R, )3z T AT AR
BRI B S g MU R DT T . Pl
Je N\ 53 A 1 37 B, AT BE H b M 4R e T AR AL
N B3 RN 7= 22 AR w2, AL H AR R
B B O A S IR AT BE N (A ik AR Ry 1
), J o P O R A R — W 6 E 1% H A Gl
Ao BB X R AT o S S R X 2 R R
R R B SE AR A ERG R o TR N B
A B2 05 T A D DY A T AR 4 15 Sk AT R B
I 7% By 52 B 14, 3 i H AR 25 5%, i o E AL A Y
FEAR S T LAAT R0 0 /0 Hh T N AR AT R A I
PHEZ W, BEAT R T Al BE H AR Y SRS . I,
BIF 5 3 5 e TR A B4R Sk 10 i) B H AR 5 1R ARk
i 2 S I R BT AR

BB AA Sk H AR BRER D7 1, SCER (1 14R T A
FH S5 (B SAS R AT M BB ) 4 L 481 1) A2 4k A i
PR R H AR 0 IR AT SR AR R A T — i ok

I %5 B #5 : 2020-09-13

O R BEAR T L

WG o SCHR 2] 4 T R 25 /N F J7 A (mini-
mum out sum of squared error, MOSSE) # 3¢ J&
WA P AH SCUR e B B AR AR BR R TR S
Hik [ 3 ] R FH A% G0 %) B B3 B0 30 A% 496 %) A 00 5 32 A
g5 G 0y OR Ml e gl IR B H bR AE IR B R b R
A RIEAS PSR, SR 4 ]7E MOSSE 1 %
filit EOIAT 2 RO 4, 48 m MR B e H AR R
BEARAL S AE T IR EE AR R . SCER[S J#E T
FH 5 U U 12 (kernelized correlation filters, KCF) ,
7E MOSSE Rl B 51 A T 4E A, 42 9 7533
20 A M L (EZE W AT A8 R R B AR Ak R ) £
R, CHRL6 145 A 782 > H 5 AR (online
learning discriminative model, OLDM) Fi1 I i 3
flit, LB T X IE B H AR & R . SOk
L7 1R AS [ v 397 43 A A AR I 25 22 A A OG 8 ik
i, IEXT BT A 2 A S0 0y B bR A7 B AT
TNAL LA, B2 B A B s B AR
SCHR [ 8 1T X H A a2 A A fE B 14 1) 50, 3 i T 0%

1B ® B : MR H KRB 4 (41401535) 5 MBI 55 1) 25 {5 BBk 22 5 A S0 = 00 H (201901) 530 7948 B 4R B2 3£ 4: (20180550849 51T

THYE T AR S H (1.J2019J1.021)

F—1EE el Mt IR, BN F BB AL PR S R S A F O AV SE . xuxinchao@Intu.edu.cn



1248 ) G == T

fi B F 2 R 2021 48 H

LM SCERL9 R T — i 3 T 2 AR BE AL
i 0 W P TR B AT OC UB e I s R BB AR 1, o M 1
A & € Ik 4% (discriminative correlation filter,
DCF) 5 4 4 B #l. 3% (conditional random fields,
CRE)Z5 5 4 TR & B k. SCHR10] 82
T — R T s I R R R R Sl R R A R
YRR IR ER DY BN 2o . SCHER (11 148 8 1 4545 il
23 ] AT 5 PE 04 ) 5] AH DG U8 % #% (discriminative
correlation filter with channel and spatial reliabili-
ty, CSR-DCF) , &R H 1 77 Il # F£ & 75 ¥l (histo-
gram of oriented gradient, HOG) %1 | Bi {4 (color
name, CN)FFAE K B KR 60 FRAE 47 A DG U8 %
4 I HORT B0 ME 3R B AR Y A ) (R R
BEMRAE HT T A0 G Ik 1 e iy 45 2R, 42 T T R BR 1Y
BEE

5 AR Sk I 1 R B TR T AT N U 4R, S
Fk (12 DR AR (8 45 A58 43 BEAT 4 PR AR 4 3k, 5
M7 ARG ESGN . SCE[13J3H T — R &
e KA R 1E (local maximal occurrence, LOMO)
TR T5 s, VA S — i T 25 [a] F0 B2 &2 1Y H A
W T vk o SCHRT 14 T8 i A 3 55 22 20 BOR 4
SO A vz s B9 AT A SR T 3 B F XS FTRR IE A
DEBC Y 7 B AT N AT UM o SCERE15 )% H]
— ol Jmy 8 e KRR AR $ B 1 B i E A R AT
) HOG 51 o ab 2 A7 AR . SCHRL16 4%
CN HFAE 55 B A0 S0 B4 AiF il & 5, 8 a8
P 53 14 07 AR 15 B FRAE BT BOR AL 3RAT A
FPON o SCERLL7 )% F TRE 5] A B 5 R &
W 2%, 4 HY — AN 4R AIE il R 2% (feature fusion net,
FEN) il i B iy 73 KB 5 2 — ARl G 4Rk .
SCHRLI8 8 T 23 T = ol Wy IR B2 W 4% 1947 A
FwARG . SCERI19 48 T 2 RUE = Ju &
FUpp 22 W 2% 1947 N BRI 7 2, IR 7E Market1501
Bos g EIRASR A ROR o SCER 20 )7 4 =
JU 4 % R B LA B S — A X 1 X N PR
5 1] BE 25 A AT 29 0, IR AE AT N 28 25 1
EHEINT A5 B AR ER AR A DG Y 43 3. k[ 21]
i 2ok S g e WY = e A i ORI DUA R 42 AT N
PN B AL AR . SCER (22 ] R = oo ik
PRI 2R T — A~ I A AL, I B 12 0 A A58 584 7
TG R MAT NERG . SCHk[23]42 35 1k oo
2 A5 2R R R 1 OR AAR [ AT NI SR N R 4/ T
AR Z e, SCrk[ 2448 H T —Fh
P51 (re-identification baseline, RelD) ) &£k A% 71 il
BNNeck %5 # , 76 Market1501 Al DukeM TMC -

RelD % 48 3k B 1 B2 4f 19 Rank- 1A B H1F- 36
J# (mean average precision, MAP)

b aA BUEE Sk R I R FH B R R B D 1 O
R B R AR H R R A ) AR X AR T SR
FEAERC 22 10 5 s, B A PR AU, {HL B I R
FEOXE B0, AR TT DL R BRI b S R
BN R 2 AR N SR R R . S AT A
R T A LG, BB Sk N R T R T AT AR
I o A, A 23 M AT N0 A i 1 0, T H B AT
NI A, I 252 0% F 000 ) 25 2

T AR TR T R R D A 2 R A
il HLRE O S W TR N T R SRR T A
7k, A5G BB Sk T AT N B Sk i RS AR 4L
AT B /N B e A, B D T — b S i A 4R
S B AR AR SR AT N T i SRR B O vE L R N
R 45 6 R DU AT 5 M R s [) ] & P 9 AH DG U8 U
(discriminative correlation filter with detection and
spatial reliability, DSR-DCF ) #1417 B , >k 5 5%
TH B RS A D 5T 552 30 85 5 Sk I 220 1 B B2, B U 4k
2kl DSR-DCF, e & SC B T 17 N5 45 =k i 4k
JiTg 2

1 EFT=E A EEMENATE SR
B 3K 8 R BR BR

fE CSR-DCF iy LAl I+, & T %5 [] o] & # A
PR AT P 04 AH OC U8 U B R Y 9 R TR AR
TR AR SEVE L, AT A 0 I AT
1.1 CSR-DCFREH %

46, CSR-DCF 83k % HT T H 3 3 JKHEAHL |
RGB (red green blue) 3 -3 i i) % {5 8 M X}
N HOG F#AE (CN FRRAE 25 & SE 17 BREE H A5 19 4
TE 4 3R VAR SC U 5 SR J5 4 5[] A 8 4 452 Al
T AT S MR 8 AR T R O D U Y e o 5 AR
Ja o, R H BN R BE 25 (] R 2% (discriminative
scale space tracker, DSST) X} H b (1) RUBE 45 i i#t
oAl o IR AE 1 B A . O T ER TR R
M A2, CSR-DCF Sk M T 2 B FrAE 48 | fiff
R B R 2 B — e BRI AN, T T AT S
24 3 g 2 2 AT RE PR R R OB BURRAIE T Y
FAEL, T >4 i W 79 45 A0 e KL R T — it 79 57 AF B
KAEAS — &y [A] —FEE 38 18 , DT X R 38 45 2R 1
B A SR, 2 L BRI O e 1 A
1.2 == [E 29 R A8 KI5 K AR

i H AR R B 0 R/NBE w X b, T
P v R B AR SO D TRRIE R AR S . R TR



%546 55 8 Y

TR R A - — 0 I 5 2 LB Sk A S N B 5 3 8 BB ik 1249

S T £ L L A AT AR B
I, e R AE BE 32 4 HOG 1 1 4k JK B R AIE .
— R TR f =/} 0 B

Bt h={h,)}

N, %IEH%’%%?F A 2 B i, R B AR A B X T LA
i B /MR SR B @Iﬂéﬁifr

ZMMMMﬁ) (1)

X MEREE p(XIf)=p [ fu*h.( X ) JEFFAE B
55 2 SRR AE X b B B A+ AR BB
zmm%%wm%&m%wm%

3 A R 7 B 2 o I A R LA L T
Il 4 W B 388 3o 46 508 58 A DGt 7, X o I B
Hy g € R il ) 7 22 e /N ke A5 Fo P 0 D 2
AR N

arg min 2 xhay —
argmin 3 (I ding( /)
A, A R IE WAL 280, FH T 45 R S8 0 454 5 %
YA, & MBS A=0.01,
2t K (2) g2 2] 5, m] LUK i 15
A RE S BRI H AR 0 R
1.3 #33& == [8) 7 &8 1 Ak
B mel0, 1R BDITREMATEM, =
[A] A 4 b W5 om €[ 0,117 43 % X 1 HSV
g zs [y CAEB AT EEME p(m=1|C, X )H :
p(m=1|C,X )ocp(Clm=1,X ) p( X|[m=1) p(nm=1)
(3)
SR ALK A p (o = 11X ) Sy DL ok 34 325 DU AR
P B 7 PR e = {¢, "} X4 P B 1 i A
W E AR, SIS p (m = 1) {52 F1
o 7 B B IR XS P Y LR . L
pP(XIm=1)R":
pP(XIm=1)=Fk(X;0) (4)
1, £(X; o) H Epanechnikov # o 21 & X,
k(X o)=1—(r/c);r A X 5 .o r e
Bo A RESEL
I E Y55 S [A]S , O 8 L RR E A
[0.5,0.9], W H 5 o> 4b 09 5 56 48 3 Sy Je K (H
0.9, H.izt 5 Hh0 J (10 8 56 4 1E 28 43 A1 A, 5 o
SEP L T AT RE T AR T R AR
1.4 HMATE G
DHOG FEf2 . HOG FA A

. d, X d, d, X d,
AR e R b e RN,
Ny,

p(Xlh)=

N,

glF + A lhlF =
d=1

= ZalF T AlRJF) (2)

# X 4b

I X J= 8

B B AR R 0K BB B RR IR AT S0t L 159 31
2 X BR BT R . e N TR R e R —
TER/NIEAT A3 B AR SR 2 X 245 2 K/
AT 53 # R85 iH Rl 0 b B AR R W
M6 B 5 1), o AR 4 2 A e /0N Ji D) ] 43 2 1]
A58y 0°~275° 3 84 Jr m) , an &l 1R s s de i
itz 2 X} 2% F w1 AR BE O 1) 5 R O A
R R PR N R AT Y 7 A — A I
LY WL B 1B 2 X 2183 X 8 4 i) HOG $F fiE
ik o

4 2

WL

MR

6 7

8

K1 877 Ml 7R B
Fig.1 Eight Directional Gradient Diagram
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Fig.7 Magnifications When Target Fully Included
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Tab.1 Statistics of Magnifications Under Different
Overlap Ratios

2 51 BkS  ®EER/U O BLEE/m THEK
1-2 17.0 14.72.14.81 4.375
14l 2-3 25.0 14.81.14.86 4.625
3-4 44.0 14.86.14.83 3.000
2-1 17.0 14.81.14.72 3.750
2 3-2 25.0 14.86.14.81 3.000
4-3 44.0 14.83.14.86 3.375
5-6 49.3 14.85.14.88 4.625
%34 6-7 9.1 14.88.14.83 3.000
7-8 35.9 14.83.14.76 3.000
6-5 49.3 14.88.14.85 3.000
54 7-6 9.1 14.83.14.88 3.000
87 35.9 14.76.14.83 5.000
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Fig. 8 Continuous Tracking Results of Different Targets

Across Camera 1 and Camera 2
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Fig.9 Continuous Tracking Results of Different Targets

Across Camera 2 and Camera 3
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A Real-Time Cross-Lens Continuous Tracking Method for Vertical

Mounted Cameras

XU Xinchao'? LI Xujia' XU Yantian® CHEN Chenchen® LIU Mingyue' ZHU Jiawu®

ZHAO Hongxi' CHENG Bo’

1 School of Geomatics, Liaoning Technical University, Fuxin 123009, China
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Abstract: Objectives: Target tracking has been widely used in pedestrian tracking, automatic driving, tar-
get monitoring and other fields. The existing tracking methods in single camera have limited tracking range
and relatively slow. The existing person re-identification methods rely on the pedestrian detection to estab-
lish image database, and all the methods may miss detection or lead to false detection. Therefore, in order
to meet the needs of pedestrian tracking in large-scale scenes, a continuous pedestrian tracking method for
vertical mounted camera is studied, which has better tracking robustness and faster speed. Methods: For
tracking in a single camera, a discriminative correlation filter with detection and spatial reliability (DSR-
DCF) was proposed. Firstly, the Gaussian mixture model was used to eliminate the background, and the
minimum circumscribed rectangle of the target was extracted to select the tracking target. Then, 32 di-
mensional histogram of oriented gradient (HOG) feature and 1 dimensional grayscale feature are used as
pedestrian feature description, and spatial reliability and detection reliability are applied to correlation fil-
ter to realize pedestrian tracking in single camera. In the process of tracking pedestrians across cameras, ac-
cording to the imaging characteristics of pedestrians in the vertical mounted camera, the speeded up robust

features (SURF) algorithm was used to match the features of overlapping areas. The homography matrix be-
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tween adjacent shots was calculated according to the matching feature points to determine the best search ar-
ea of tracking target in the adjacent camera. Finally, taking the pedestrian obtained by Gaussian mixture
model background elimination in the search area and template pedestrian as input, and using the sum of ab-
solute difference(SAD) as the matching measure, the real-time cross-lens continuous tracking of pedestrian
was realized through template matching. Results: Scene simulation and tracking experiments were carried
out with four cameras with a resolution of 1 920 X1 080 pixels. The success rate was tested by online object
tracking benchmark (OTB), and compared with kernelized correlation filters (KCF), discriminative correla-
tion gilter with channel and spatial reliability (CSR-DCF) and other methods. The results show that the
background elimination of Gaussian mixture model can extract all pedestrians, and there is no missing or
false detection. When tracking across cameras, the best search range is 5 times of the initial tracking win-
dow size. In continuous tracking, the average speed of the proposed method can reach 21.8 frames/ s, and
the tracking success rate is better, especially in the case of illumination change, deformation, complex
background and occlusion. Conclusions: The single camera tracking method DSR-DCF, combined with
search area restriction and template matching, can realize the continuous pedestrian tracking across camera.
The tracking speed and success rate can meet the real-time requirements, and the tracking speed is better
than 21 frames/s.

Key words: spatial reliability; detection reliability; cross-lens tracking; background elimination; template

matching
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