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Sparse Template Matching and Its Application
to Real-time Object Tracking

YASUHARU MATSUBARAH? and TAKESHI SHAKUNAGA'T

Sparse template matching is proposed for realizing efficient object tracking. Key idea of
our method is posed in the reduction of calculation cost by introducing sparse templates.
Point selection methods are discussed with two template models, and reasonable solutions are
proposed for them. The sparse template matching is stabilized by using the parallel sparse
template matching. It also can collaborate with the condensation method for implementing
a robust real-time tracking in compound scenes. Experimental results show effectiveness of
the sparse template matching in both the parallel and the condensation methods for several
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image sequences.
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Fig.1 Concept of normalized image space.
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Fig.2 Relationship between the sparse template and the
full template.
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Fig.3 Point sampling criterion for continuous region

model.

gobooOoOoOOoo0oOoOoOooobooOouoobooooo
goooooooo
dooodoopDOoodoooboooooooooo
JO000D0O0000C0DOO00000D0DOOcondensa-
tionO0UOO0O0O0OO0O0OO0O0DOOO0ODOOObODbDOO
J00o00oo0000oooo0oooooooooo
00000000000ooooooooooooonog
goboooooobooooooboooooDbooo
goboooooooooooobooooooobooo
goooooboooooooooOoooobooboooo
goobooOoOOooooboobOoobboooooonpoo
00000D0D0O0OCOO000000Ocondensation
Jgo00ooo0odoooooooooOoooooboooo
good0oooOooooooboooooo
goboooo0obooooooooo2000000
Jo000oo0o00o0o0oooooooooooooo
goooooo
3.2 ODOOOOODO
gl1ooooooboboosooooooooooo
goboooboo0oOooooooOooooboooooo
goboooooooooOooooobooooboooo
goboooOoOoOoOooOooooboOoooooboooo
go0oOooOd0oooOoOOoUdoboooOoboOooooo
go0ooOOoOo0OoooooooOoOoooooooo
JoddddoopooooooDpooooODODOOOOO
J000oooo00oDoo0ooooooOoOooDoooo
0000o0o000ooooooooopooooooog
gobooooooooobooooooooooDbooo
gooooooooooOoooooboooooooboo
gobooOooooopoOooOobooOoouoooboooo
gobooOooOo0oOooOoDbooboOoOoooboobooo
goboOooUdoUooooOoouoopooooboooo
goooOooooooooooo
doodoOoobooboOoOoboOoboooooogoo
000oo0ooo00o0ooooo0ooooooog
J00o00o0000oooDoooOooooooooog



64 ooooooooooooooooooooboboooooooo

gostooboocoooooooooooboocoooon
goooboboooooooobooboooon s=00
gobobooboboooooooooooboooooboon
O000o0o0oUoOoooooooooooooo/
goooooooooobooooooooonoooo
gobooobooobooobOeDbOOOOODOODO
gooobooooooooooooboooboooooo
gooobooooooboooooooooooooon
oooo

3.3 UOOoooooad

200000oooooboobocoooooooon
ooooooooobooooobooooo4000
go20000000000000000000O0AO0
goooboooooooooooooono 20000
gobooz20000000000000000001
goooobooooooooooooooooooo
00000 4(d)00000000000O000OODO
gooboooobo200000000000000A0
O0o0ooO0o0o0o0ooo4(poooooooo
goooboooooooboooooooooooon
goo

gobooboooooooooooocooooooo
gooooboooooboooooooboooonoooon
goboooooooooooooooooonoooo
gooooooooooooooboooonoooo
goboooOoooboooooooooobooboooon
OO00O0O0O000000000000 aperture prob-
lemO0000O00O00O0COOOOOCOOOOCOOO
goooooboooooooooocoooooooon
gooooboboooooooboobooooooboooobo
gooooooooooboooooosbbooooonon
gbooooooboobooooboobooboooo
gobooOooooooboooooooboooboooooo
goooooooboooobboooooooooo
goooooooooooooooboooboooooo
go200000000000000DODOOODO
gooooooooooooooooooob 200
gooooooooboooooooooooooooao
gooobooooooobooooooooooooon
OO0o0b000 45004000000000000O0
goooobobooooooobooboooooobooobooon
goooobooooooooooooooooooo
goooboooooooooooocoooooooon
goooobooooooooooooooboooon
gooooooooooobooooobobooooooon
ooo0o

June 2005

boundary X

X
X

X
boundary dipole sweet spot

(a)

boundary

X

sweet spot

boundary dipole

(®)
04 0DO0O0OO0O0OOOOOOOOOOOOOODOOOOO

Fig.4 Point sampling criterion for discontinuous region
model.
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common set P*.

O e}‘g’jD 2000000000000000R,0 P
goooobooooobooooooobooobooDo
gooooooooooooooobooooooooo
goooobooooooooooooooooooon
goooboodoo20b0000000000000a0
goooooooooobooooooboooooon
goooboooooooooooooooooooo
ooooooooooooooobobobobouogo
000 RO P,0000000DO 1)ODOOOO
goooooooooooboooooobooooooon
000000000 prOo0OoO0OoOOO0OOCOO
oobooooooo

0000o00oooooooo 700007 ={T}0
gooooooooooooooooooooon s
ooo0ooo0oo0oooo pO0O0O0O0O (9YDOODO
a T}*;;:(T,ai)DDDEIDDDDDDDDDD P
0000000 ¢ 00000000O0O0O0OOOOO0
goooobobooooooobooboooooooooo
gooobooooooobooooobocoooonoooon
ooooooo

&, = PP (TY —x);x) (14)
where «; = argmin {p2(P;(aTY — x);x)}

000230000000000(9)00O00O0OODO
oo00opoOooooOoooooopoooooP=46
0000000 (13)0000000Un a0 o O
o0o0oDOO0oOoOooooDoOOoOooOoooooooog
000000o0ooOooOoooD (13)000 o 00
00o0o0oooooooooooog

4.2 0O00O0ODOQCOOO00ODOOO condensation

ooog
00o00ooO0o0oo0oooooooooooooo

gobooooooooooooooooboobooooooo 65

Input Sequence

Sparse Template Output Sequence

Condensation Method
06 OU0OO0OODODOODODOOOOOOOOOOOOO
Fig.6 Overview of appearance-based condensation

tracker.

J00oooooooooooooboogoooooog
condensation 0¥ 000000000 600000
OOcondensation 00 O000O0O0O0O0O0O0OOOOOO
00000000oooooooooooooooog
00000 condensation O O O drift0 diffused mea-
sure0 3000000000000 0ODO particled O
goooooooooooooooboobobbboboooo
drift 000000000000 000O0000O00O
00000000diffuse000drift 0000000
gobooOOooOoOooopboooOoOooooooDbooo
0000000000 Omeasure 00O Odiffuse 0 00
go0oo0odoOopDoooOoOoooboooOoboogoogo
go0ooOooOoOoOoooooobooOoooooooo
00 (140000000000 0000 condensation
J000oo0o0ooDpDooO0ooooooooog
goooooobooobooboooobooopRp, CODOO
goooooooooboooooooooooo

ooOoOodoOoDOobobDOoooCoOobDOoOoO dt,,
t,[000 30, 0, g0 O000 10000 600
gooooCooooOooOoyDODbhbOO «c00D0DOOO
00 yOUOOOOO¢O 200000000000
00000D000000000000 m = [a b
oo m’:[a/b’]TDDDD[IDDDDDDDD

m’ = cRoxom +t (15)
R = R(z,¥)R(y, 0)R(z, ¢) (16)
1 0 0
R(z,¥) =] 0 cosy —siny (17)
i 0 siny  cosy
[ cos@ 0 sinf
R(y,0) = 0 1 0 (18)
i —sinf 0 cos6




66 ooooooooooooooooooooboboooooooo

cos¢p —sing 0
R(z,¢) = | sing cos¢ O (19)
0 0 1

T
t:[tw ty] (20)

O000OR. 00000 ROOOOOO 2x200
0000000000difuse 00000000000
00000000D0000000000000000
0000000000000000000000000
000 condensation 0¥ 00000 ¢+00000
ooo {s,..., s} o000 t—-10000000
000000000000000000000000
00000000000000000000000 ¢
oooo:(oooo0 s 0ooDo0Dooo0o00o0o0on

sng[tx t, v 0 ¢ c ir (21)

0000:00000000 P O000OODOOD0
000041000000000000000000
00000000D00D00O0OOOOcondensation O
000000000000000000000000
000D0000000000000000000000
000000000500000000000R00
000 100000000000000 P*O0D0
000000 (140000000000000000
000D000000000000000
00000000 ¢+000000 s o0oooo0
00000000 P, 000000 (1400000
oooooooooooooo &Y ooooooo

i

s ooooo Y ooooooooo
1/

S0
0000000000000 condensation 0000

000000000000000000 L0 10000

000000 drift 0000000O0O0O0O000 10
ooooooo

) =

(22)

5. 0O O

5.1 ODOoO0OO0OO0OoooooboOooobooao

goboobooooooooooboooooooooo
goboobooobooooboooooboooooooon
goooobobooooooooooboooooooo
goooooooooooooooboooooooon
oooooooocoooooobooovooooono s
gooooooooop,O0OpRPODOODOODODODOOO
O00 P*O000POPRs O 46x54pixel 00 800

June 2005

Py Py

07 00000OOOOOOOOOO
Fig.7 Sparse templates made up by the first criterion.

p*

t = 206

t =276

08 ODO00OoOOoOoOoOoooooOooooboooooooobo
Fig.8 Tracking results of the sequential random search
using sparse templates as shown in Fig. 7.

P*03200000000000000000DOOO
gbood410000000000000O0O0O0O0O00
goboooooooooobooocboooooooboo
gooooooooboooooooooDbbooooo
goooooos8sbopooooobobooboobooDo
gooooooooooooooooooooooboo
gboooooooooooooon

5.2 OO00O0OO0OO0O0O0OO0OOOOOOOO0OO0

200000000000000O0O0O0O00O00O000
jjtoooooooooooooooooooooboo
go0Os50000000000RDORPO0000O0O
00000000 P-O0000POPs O 48x56 pixel
00s80oopP 03200000000000000
gooooooooo 0ol1o000D0000O0O0DO
goooooooooooboooboooooobooDoboo



Vol. 46 No. SIG 9(CVIM 11)

Py Py

09 000000000 OUOOOOOD
Fig.9 Sparse templates made up by the second criterion.

P*

t =182

t = 228

010 OO00OO0OOOOO0OO0ODOODOOOODOOOOOODOOOOO
Fig.10 Tracking results of the sequential random search
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Fig. 13 Tracking results of four types of sparse templates
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Fig.16 Tracking results from 204th to 214th frames .
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Table 2 Comparison of successful tracking rates and es-
timation errors among five types of sparse tem-
plates.
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