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Fast Visual Tracking with Spatial Phase Correlation

ZHA Yu-fei, ZHANG Li-chao, QIN Bing, HUANG Hong-tu
(School of Aeronautics and Astronautics Engineering , Air Force Engineering University » Xi'an 710038, China)

Abstract; The visual tracking based on phase correlation is always failure, because the response is dirac
delta function disturbed by the noise and cluster. The desired correlated output distribution is adopted in
average of synthetic exact filters, which obtains the excellent filtered result. This paper designs the
response related with the object’s spatial position to replace the dirac delta function, which can achieve a
robust filter. In order to adapt the changed object, peak-to-sidelobe ration was used to evaluate the
results to update the filter. The fast Fourier transform was used to accelerate the algorithm to track the
object fast and robustly. The experiments show that the proposed method can process 50 frames per
second, and excels the state-of-the-art methods in both accuracy and precision.
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Table 1 Test data
Sequence Name Main difficulty factor Resolution ratio Frame number
Basketball Rapid motion, Serious occlusion 576 X432 726
Car4d Scale change, lllumination change 360X 240 659
CarDark Complicated background,Illumination change 320X 240 393
CarScale Scale change, Rapid motion 640X 272 254
Coke Serious occlusion, Illumination change 640X 280 291
Deer Rapid motion, Image blurring 704 X400 71
Dogl Scale change, Coplanar rotation 320X 240 1351
Dudek Serious occlusion, Scale change 720X 480 1 146
FaceOcc2 Serious occlusion, Coplanar rotation 320X240 812
Fish illumination change,Camera motion 320X 240 476
Freemanl Complicated background, Three-dimensional motion 360X 240 326
Girl Three-dimensional motion, Serious occlusion 128 X96 500
Ironman Complicated background, Rapid motion 720X 304 116
Mhyang Illumination change, Scale change 320X 240 1490
Mountainbike Rapid motion,Pose change 640X 360 228
Skating1 Rapid motion, Illumination change 640X 360 400
Suv Serious occlusion Complicated background 320 X240 945
Sylvester Pose change, Rapid motion 320240 1 346
Walking?2 Serious occlusion, Scale change 384 X288 501
Woman Serious occlusion, Pose change 352X 288 598
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Distance precision of different distribution, four videos test in three different spatial distribution, the dotted line is &

distribution, the full line and the imaginary line are accidentally bilateral exponential distribution and guassian distribution

respectively
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Fig. 4 With different parameters are updated, choose four video for fixed threshold comparing with the adaptive update
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Table 2 Distance precision(DP) (%)

Video LOT DFT TLD VTD VTS LSK Struck CXT ACA STC KCF CSK CT SPC
CarDark 61 54 63 73" 100 100 100 71 100 100 100 100 100 100
Deer 18 31 100 6 4 32 99~ 94 100 4 89 100 4 100
FaceOcc2 45 81 61 87 85 56 94~ 85 61 86 84 97 51 65
Fish 11 86 86 66 93 33 100 98~ 40 100 100 1 33 100
Girl 64 30 91 94~ 85 47 100 82 86 92 86 58 68 100
Mountainbike 69 35 48 96 100 85 100 29 100 100 100 100 97" 100
Suv 80 5 92" 47 52 80 57 91 53 57 98 57 63 98
Sylvester 75 42 93 81 82 27 99~ 66 94 90 84 92 60 100
Walking?2 43 757 58 49 50 45 100 41 50 100 100 100 42 100
Women 14 95~ 80 20 20 20 96 35 25 94 94 25 20 94
Basketball 96 89 4 100 99° 43 12 3 0 59 9 100 36 63
Car4 5 23 71 37" 36 0 32 25 21 24 27 21 9 24
CarScale 45 59 67 72 68" 65 53 66 56 58 59 58 44 58
Coke 10 9 69 15 23 24 95 53 62 80 13 87" 11 82
Dogl 96" 56 75 69 68 85 71 929 73 71 71 73 83 72
Dudek 54 61 55 88 86" 73 71 78 61 50 0 64 39 47
Freemanl 51 93 53 727 727 36 57 55 39 38 39 39 52 58
Ironman 11 10 100 25 23 14 7 3 17 14 16 16 11 34
Mhyang 26 76 100 91 95 99 100 100 92 89 99 99 0 96
Skating1 23 19 36 55 59° 68 38 8 54 54 44 53 16 46
mean 45 51 67 70 62 65 52 74" 59 59 68 66 42 77

TE MR AR B A I S5 AL, o LA AR 3R R ey 45 21
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Table 3 Success rate (SR) (%)

Video LOT DFT VTD VTS LSK ACA STC KCF CSK CT SPC
CarDark 56 34 68 100 100 99" 100 72 99 9 99"
Deer 6 31 1 1 34 100 1 89~ 100 1 100
FaceOcc2 34 100 997 97 72 62 90 100 100 83 86
Fish 11 86 64 98~ 33 40 100 100 4 33 100
Girl 55 25 65 53 34 46 73" 67 40 15 96
Mountainbike 69 35 100 100 90 100 96 98~ 100 98" 96
Suv 78 5 55 58 82 53 58 98~ 57 31 99
Sylvester 68 41 80 81 26 71 70 82" 72 51 99
Walking?2 39 38 40" 40 49 38 40° 39 39 38 39
Woman 8 93" 18 17 19 24 91 91 24 14 94
Basketball 89 72 92" 93 34 0 55 9 87 28 41
Car4 5 26 35 35 6 28 37" 38 28 25 36
CarScale 46 45 48 49 63 45 45 44 45 44 45
Coke 9 9 14 14 16 48 43 10 74 10 51°
Dogl 99 52 70 69 91° 65 65 65 65 58 65
Dudek 62 80 100 100 93 96" 80 0 95 85 86
Freemanl 19 18 21° 19 33 15 13 16 14 10 19
Ironman 8 4 16" 20 11 13 13 14 13 10 20
Mhyang 26 78 95 97 100 92 98" 100 100 0 100
Skating1 28 16 57" 53 66 37 36 36 37 12 35
mean 41 44 57 60" 53 54 60" 58 60" 33 70
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1 B RS Tl R 5 2 A e ok BR R SRVE AR L L SPC R BR R A U 1 B TR B R S — B R i

FILTE T B 4y 50K DL e = A 8RR A 74 %
60 YR TFHEN T 77 Y% F1 70 %. Struck 7E 5 IE VAl 3RS
BB (0 BB & TRVRE 7 A SCHY VA o A T H A 3 i (H 2
SPC R 5 5 Wk 7E 20 15 % B (5 FE B 0k 0 OB
Struck MEEE 4. 05 %, IF H iz 178 B = 2545 i 2R
B 5 R TFE 20 A 0040 L BB R 20 R &R
W) o . A IR S A A R b B A A R B ik
JE SPC BB 89k, 2 BoR T4 20 /4~ I3 10 4% s
SPC B3k 5 i f Jl oF 550 95 78 15 28 i B 1 .
S I 08 P A 5 B 43 ) 36 R R RO BT+ KL A& SPC R iR
SEWLAE T AR P AT T Al R OF BAE T A WA
1.0

0.8t

0.6

Precision

04| B

0.2

—= CSK

40 60
Location error threshold

20

(a) Sylvester

W RE B AR 22 5, IR I A — S8 0045 v S 2 o 1 B D
T 20 14 M HEaf B

3 RIE 6 J& ERER IR, T IR A, ]
ERAR T RO ) BR R R AT R A5 R R AR SR
HE 1 B A T A AR v R A A 1

KCF.STC.SPC #{ i 5 2k # R | FFT 17 Pk
A B KCF B 85 505 ok F AR B FE BT 9 #0855, STC
PR B SR AR B B BT S A G uE U b FE R AR L T
SPC ¥R 5 53— vk s [a) A 467 4 OGS PR ot vl DA gk
PP . FPS Ik 4.

L Struck
{7 —— CXT

—— ACA

Precision

40 60
Location error threshold
(b) Deer

20

0710001-7



% T ¥
1.0 d 1.0
0.8 081 Z
——Struck: L ‘____._.-------'-‘-~-""'_";:-.-.— i
4 ™ VTD
5 06 —-CXT 5 06t [ —— VTS
.U:’ ---- —— ACA RZ) ' '4'""'-.— LSK
g — e 2 f WC T Struck
- SINWER ; /S TLD ]
=04w T =KCF 1 = 04rf@y T —— OXT
—CT LOT
—— DFT —— ACA
.. b 4 --a- KCF
o — . e
0 20 40 60 80 100 0 20 40 60 80 100
Location error threshold Location error threshold
(¢) CarDark (d) Dogl
A5 BFEbeRE BT A AGXTEZERE. (.. (D5 A& AMHFZ (DK A 20 MG
B R R
Fig.5 Distance precision. the horizontal axis shows the threshold, the vertical axis shows distance precision.

(a),(b),(c) are video sequence selected respectively, (d) is the distance precision of the twenty videos

x4 rh{E FPS
Table 4 Median value FPS

Algorithm LOT DFT TLD VTD VTS

LSK Struck CXT ACA STC KCF CSK CT

SPC

FPS  0.51 10.31 22.7 3.0 3.0 3.8 10.4 10.3 41.97 67.77 29.52 80.24 76.93 49.14

Lo Success plot J7 5] Ja M S I - - M 0 B R BB 0 3E N H bR Y
____E%% Al MR R 1 R HE B K 20 AN 81 4y Sk
0.8 :ggg A FTAEM P E ) GER ORI e AR 4

g —=-VID R 7 R,
R : :E}i BeHERS 2 - 2 FL A B 0 L 3 F % A 45 LA
g 04 N —-STC SPC BR3P RE W] 0 00 7 Al R 2 SRk Rt IR A T
2 . 4 FR X0 LG A KT HOR A B R AT DL & 2R s
0.2 K HAR. B 70 TR T 11 APk 5 sh 908 i i 25

0 ‘ ‘ ‘ ‘ ~ TE R B 45 2R
0 02 04 0.6 0.8 1.0 WP 7(h) R T 9 /N8P 4000 Y BE B o ot
S 128 . 5 1B P L ACA (KCF Al STC Fy B i 3 F
M6 MG F.MEHEFEEFHE B ETRIF W, R Rl TR E RN EE,m SPC &k
Fig. 6 Success rate. the horizontal axis shows the threshold of ab =

the coverage rate, the vertical axis shows success rate

Distance precision

1.0

0.8

0.6 f

—LSK
—— Struck

Uy = TOT ——CXT 1
== DFT —~ACA 1
02 | ——(CSK  --e-STC ]
] - VTD --&-KCF
) — VIS - CT
0 L i L L L L
0 20 40 60 80

Location error threshold

(a) Fast motion(11)

100

A PSR & BB AR L 24 H bs
%

=

5t Y L, PSR
s B B 37 AE B AR TN

ik
1.0

0.8

0.6 t

04 r

Distance precision

02 ¢l S

40 60 80
Location error threshold
(b) Occlusion(9)

20

100

0710001~ 8



O SRR

(50 37 A S B PR AL 58 I AR BR B2 O 7

Distance precision

Location error threshold

(c) Illumination changes(10)

H 7
BE B vE A

Fig. 7 Distance precision curve in different difficulty factor.
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Twenty videos are divided in four types, the horizontal axis

shows frame, the vertical axis shows distance precision of every degree of difficulty
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