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A Novel FAST-Snake Object Tracking Approach
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We present a novel FAST-Snake tracking approach using improved FAST-feature matching to estimate affine

transform of contour points between frames as the initial contour of the Snake model. For real-time tracking, we define a

prior constraint energy in the Snake model and adopt the greedy algorithm to implement contour optimization. Experi-

ments involving 3-D object database and video sequences show that the proposed approach is superior to its counterpart

in terms of mean square error (MSE) and convergence speed, and that it has the adaptability to complex motion and

partial occlusion.
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TR EILAL B R E AL, 2) AE H AR XI5 AR
MR H AT H AR 4 JRia gy, 4
TR EEYIAL T, 3) 4 Snake AR RAMELL T
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Fig.1 Pixel positions of local feature

SCHR (7, 19] b AR 3 K AE K 1 FAST
AL O 8, T AS SO AR A T — b et 1 25 03
FAST $#4i (Differential FAST feature, DFF). %
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.
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Fig.2 Block diagram of Snake contour initialization steps

HE, MHRALERESE LA (0 I %) Ak H Frp
B Mo, JB 5 H AR DR 79 5 00 —EAER s, My 7T
LU IE Snake #4840 A6 B8R H T2 8 BE5E 19 5 303k
. i R ILEC, K ¢ 21 FAST HFAE A
PRI PR e 7E H AR M, YO . 4545 e MUER A,
R BEE AR AR [A] H AR K i KI2 342 1y, FF2E
WA C, . K 5t INZH BRI M, BB
RSt 4+ A R H ARSI M, A, sl (7) B
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(b)

K3  Snake FREFEAIYIIAL ((a) HEER (55 1 47) & H
FRIZEIFEAR (55 2 4T), 7 = 8; (b) =T FAST £ i M1E
VLR (55 1 17), SR HEBl R e (50 2 17))
Fig.3 Initialization of Snake tracking model ((a) Object
mask (Row 1) and motion mask (Row 2), r, = 8; (b)
Feature matching based on FAST corners (Row 1) and

transforming control points of contour (Row 2))
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Fig.4 Edge searching of Snake control points along

the normal direction
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FEmin = Big
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Enin = Ej
(&i,5:) = (25,95)
7 (R4, 95) DRFRALE, ptsmoved+ = 1
ZEILEIRE R O(nry), v AEEHIS v W
VRETT I w; WA ERE RS, T IRATHEZ DT )
HART Williams 2542 H 48 8E R @ #5Eo0 T
re < m, & HH AR S
3 K
3.1 TSR
FESEI e T — bS5 FAST %f
WEZH: th = 24, r,, = 48 14 %; Snake PB4
a=0.0503=0.025v=2 k=11, =12 14%;
WANEITIER A T G, WbsiEZE o 5HugRE 1R
Z W 0.2, BRESPEREVPAL O HR: U7 ZE M (Sum
of mean square error, SMSE), %77 %% (MSE) K&
FEht Ab BE N ] (Frame processing time, FPT). H
H, SMSE fiabs e Xt (19).

SMSE =) " |v} — 44|
i=1
A, of R EAR vy WERFEIRAE B K IR R AL
BN H ORI 243 2] MSE $i/¥5, Wi (20).
SMSE
n

(19)

MSE = (20)

3.2 ZHEMIRERER

HAr%d g “COIL-100" "2 40,8 =4k H AAsi s
PA— € IR I8 360° e s LAy 51, AHAE P
Fesn¥ g taibe 50, MBIMIRST b 128 55 x 128 &
=, 8 WP, 1t i HCW RS, Sk

AR T AR M) b AR IO BR B, R i, 3
P A = 3 BATEIE B, RIPRE] H bR N 15°.
SEHG R T B T I 2 A bR, A <417 (58
17 S HER) S “#197 “#377 Fl “4527.
X 2 A H bR R 4 H 1Y) Snake #2ERVI46G
th, 13 33% 2 BB R (SMSE), W 1 fin. M,
“HEIGECERT RN CWIAAIEC B K R HAER
T — I 221 R B I B B 6 JE A A >4 iy it R )
BRRER, Mo NMIRE R 2. i 1 a0, B ERYIA1L
Jii SMSE JaFrII6E T B 30 % ~ 40 %. XF “#17” 3k
1T 360° [I5e BRER IR, 152057y FRER S R an il 5
7~. AL, Affine-Snake JGV 3 N JA) HB 58 56 1)
JEAZ (47 1); Basic Snake 2% T #5835 10 Ja il e B
(17 2); 28U, GVF-Snake B AT BT 58 54
R (17 3); M4 i FAST-Snake J5 Mg 5¢
BB H bR ESER, FLRFSE B BRER AR (17 4).

# 1 Snake FEEYIHIIY TR ZER (SMSE)

Table 1  Snake contour initialization measured by SMSE

PIFRZEM (SMSE)  #17 #4190 #37  #52

VR 211.9  257.0 2404  142.8
WA R 136.1 144.4 163.8  108.1

{

¢
)

LW
SBLBLS LG

Bl 5 ol <17 MEREREE R, EaRIERE A 6 il (M 2T
A Affine-Snake. Basic Snake. GVF-Snake DA
FAST-Snake Jj7%)

Fig.5 Tracking results of the sequence “#17”, with 6
frames interval (Top to down: Affine-Snake, Basic Snake,
GVF-Snake, and FAST-Snake approaches)

K HE—25 Mt FAST-Snake J7 v PEfRE, Al
M7 2 (MSE) I VPG 4 Rl sk, &5
VERT 30 KA MSE ki 6 Pros. kA2
E R R T — I ZI S B0 A8 B 1Y MSE fa ks, &,
3 PRI T A MSE B2k T AT 2212
1M FAST-Snake J5i%, 7055 1 PR WG AR
I B BRAR T e B 22, KEUH M T MSE fiLfb &
1) 60 %. AR HAh AR 10 I EDREIA 24 b
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MR EERCR. Affine-Snake Joykid WV Jay i 56 J38 2 AR,
iRFE MLk T 2. 1M Basic Snake 1 GVF-Snake
Y SIOH B T FAST-Snake 71:1) 50 %.

22 —e— FAST-snake tracking
—o0- GVF-snake trackng
20t —a— Basic snake tracking
2 Hx — x—- Affine-snake tracking
X X X X3
1.8 oo XW*"**‘X»W»@Q
m 16T
2
14t
12 F
1.0 p
0.8

0 5 10 15 20 25 30
Tteration number
6 BRERSIVAI MSE #hk
Fig.6 The MSE curves of the tracking algorithms

3.3 EAMAFIIRE

o 5 A B AL Sk FA F 1R A AT 1R AT BR B S G, A
W BT 51 “#mobile phone” 1 “#cup”, &
BEALAR 120 T, Wi ~)o 480 12 % x 640 12 %, A
Fe37 P AR H bR S 248 B A E B Py, BRIER 45
Rfitbirz (MSE) #h4k, wiEl 7 fros. T HFs
4 iz 8 i, FAST-Snake 77721 MSE $8¥51E
AR IEAR I TG T %, 2 J5 MSE 2k 5 c W
W FF%, {H Snake fEE AL RESREIF P H b5 7136
B EE. M4y =FP Snake EREETVE, 1 HAMI R
KA DL N A GE A Ak /N PR ER R 22,

238 —e— FAST-snake tracking
261 —a- GVF-snake trackng
a4l —a— Basic snake tracking
’ X _ x— Affine-snake tracking
221 ‘x\ /Xy,x%ﬂ x KX X
x
20t \&(xx)‘/ X5 X%\X// 5()\*/ N
m 1.8 F
%
Z 16}
1.4+
wo 0T TOy
12} - 7B poo0ooto
1.0t
08}
0.6

0 5 10 15 20 25 30
Iterations number
Bl 7 BRERSAR MSE ik
Fig.7 The MSE curves of the tracking algorithms

Wk 8 (a) i, 481 Snake B TGVAFREEER

RPN R ORI H A 1AL 4 g a4l 1T 1 FAST-
Snake J5 ik R HEH 73 %) H A5 % BE; Affine-Snake

W aE IR H AR 4 iz 3, (HI S g, b4k, #5is
) H bR M 1075 50 AR AR B 0 2, 45481 Snake
ALK & = A L %, LKl 8 (b). fE 435
I FAST-Snake Jji%kHA&— &N AES), #ilan: 5741
“#mobile phone” MFH5F HIME Iz, 1
fe VE A Hh gt 0 IR ER (K] 8 (a)); TP “#cup”
(P 580 1) S I e 24 50 40 S 4 AT ml 3
o PR ER R R HRA (B 8 (b)).

(a) J¥¥1 “#mobile phone”

(a) Sequence “#mobile phone”
| G | Gl |*

(b) J¥5 “#cup”
(b) Sequence “#cup”

8  HEAMBUTIIRIERERSE R (17 1: FAST-Snake
(7c)~ Basic Snake (£1); 1T 2: GVF-Snake
(%2)+ Affine-Snake (47); 1T 3 Fl 4: FAST-Snake [FFRERZ:
*)

Fig.8 Tracking results of the sequences indoor (Row 1:
FAST-Snake (left), Basic Snake (right); Row 2:
GVF-Snake (left), Affine-Snake (right); Rows 3 and 4:
FAST-Snake tracking results)
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HH T BRI AR 0] J5 2L Snake BERILAL SR iR
SER . AR 9 b, AT T ANE FAST %y
E ORI AR A BB AL . E AT, A
B th B, VCPECHRFIE A 0 gk D i e 52
RZEME . DRI, T Bl T4 (M-estimator), £
WU 8 22 R AR m 0] DATS 2B BRIl 0, (12
Bl vk BRI s 22 2 A B0 S Ik R

g v + o m,

Kl 9  Snake 5¢EEMIM RGO (NAERA:
th =12,24,36,48 (4T 1); th = 12,36,48 (1T 2))
Fig.9 The failures of Snake contour initialization (Left to
right: th = 12,24,36,48 (Row 1); th = 12, 36,48 (Row 2))

e, FATIAREE B ik s . SRR
FEWT ] [A) B 9 25 ms, 7ESEKTH IR A = 2, HIH)
(B 23R 24 50 ms HEAT BRERMX, FAST-Snake 752
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