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Abstract This paper introduces in detail the research of visual tracking which is a hot

spot currently in the domain of computer vision. Firstly, the applications of visual tracking

in three areas including visual surveillance, image compression, and 3-D reconstruction are

discussed. Secondly, the state of the art about visual tracking is introduced, especially the

main approaches of visual tracking are shown. In order to explain these methods clearly,

the problems of visual tracking are classified. Then two ways to research the visual tracking

problem are presented. And the visual tracking algorithms are classified into four classes:

the area-based methods, feature-based methods, deformable-template-based methods and

model-based methods. Finally, from the point of view of control theory, the difficulties of

visual tracking are discussed that the algorithms should have robustness accuracy and be

fast. Meanwhile, some future directions of visual tracking are also addressed shortly.

Key words Computer vision, visual tracking, image sequence, surveillance system, MPEG-

4, 3D reconstruction
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1 K-�G.� +{�8$,��.�t-�~6$r�&N�Z�)U.� Xi1"�kz^tTEm�.� >f-\/℄�Æ'�9�kzWQ (Visual tracking)R'd.� kz>f-�9Q33R'��MkzWQ�nd %8x�8-�u�m0^�=D�&%�Y2{WQ���u�m0�u����9K'��!�4�!���&u�r#�j)^�^9:`%a;Z�Xi%u�m0��E%T��=T[N9)�2X�̀ v��s1A%kzWQR'�`^(jNQ-��'33s1
� (IEEE Transactions on Pattern

Analysis and Machine Intelligence; IEEE Transactions on Image Processing; IEEE Transactions

on Medical Imaging; IEEE Transactions on Circuits and Systems for Video Technology; IEEE

Transactions on Vehicular Technology; International Journal of Computer Vision; Computer

Vision and Image Understanding; Image and Vision Computing; Pattern Recognition; Pattern

Recognition Letters; Machine Vision and Application; Real-time Imaging; etc.) �&33s1�E (ICCV; CVPR; ECCV; ICIP; ICPR; IWVS; etc.) ,16r5\ikzWQ2b�NN�
-9�33s1
��nkzWQR',�?�^�6#N (IEEE Transactions on

Pattern Analysis and Machine Intelligence, 22(8), 2000; Proceedings of the IEEE, 89(10), 2001;

International Journal of Computer Vision, 37, June 2000; Real-time Imaging, 7(5), 2001).kzWQR'J�o1i>d[^�tdMU^eU{�a��'>f�93��=Q2b	k�9k�8x%�{=H3b�$Nx��9Q-%kzWQ+{x
=2b�MU^�r
WE�$N�
�;;d
2
z��Æ 3 �QE%NU�9�kzWQ�-^�;"WE�xÆ 4 �Q-�%m�kzWQ+{-�p�R'�&J��,� 
_>3�g�R�dxÆ 5 �QTZ�
2 n}ZT-}�PW
2.1 ~{q~k�9k`3MU�0C7No�\N��d%^e��/RL�`aL��I���9k��5"6�����E�,O���I��
'�XV9�`3 W4 U^%1��E�9k[1]

, U^e��/RL�I��L��td%�tW���>1n^�\��9k�DETER(Detection of events for threat evaluation and Recognition) `3[2] U^%/RL^�9���5"R4#��F`3x&%Zu�m0���td%u�m0��E^�WQ�0vWQr#%u�m0�Ej℄^�{��\�
&_FN�E�e�j)*�/RL�
'�1997 v�\ss5;N)(jvmy (Defense advanced research

projects agency, DARPA) J+6��s�YCr�Es�RQ%\�q�N��a�kz9�vm VSAM(Visual surveillance and monitoring)
[3]

, F`3tdU^�0eULf�&�L�XV9���s�YCr�xF`3DT���D+69Q�m9�`3[4]
.

PASSWORDS(Parallel and advanced surveillance system with operator assistance for revealing

dangerous situations)`3[5] d9Q+tk�8x;Z`3�U^Xik�9k�UY82U��
'3��Pfinder(Person finder) `3[6] U^Xi%is1n�E�XV9ka{��xI0`3-�kzWQ(j6t\7No1�MU�93��I0B5�(�R4FN�E=D��1�E{��+tR4��'2b�Coifman �1[7] D+69Q�^k�8x`%`3 (Video image processing system, VIPS) �I09�`3�U^I0B59



4 � �$��
m|YS,|W� 605��&82R��3.�
92b�(j\_�\�'[8∼10]
, (j3T~�3�R'd9~E*�Xi%R4�;P{WQ��GAR4FN�E=DxI0af�k5{a�`%-�t\33BC�
z�+{d9~;P{WQR44%�WQR4�u�r#^�{��Tai �1[11] (j69QU^I0af=D�k�9k`3�tdL�=Du�R44%
u�r#^�{��VISATRAM(VIsion system for automatic TRAffic monitoring) `3[12] td%SQR��R4�E^�9����I00P�Haag { Nagel

[13] ?℄% �8[�R4WQR'^�6(j��1�E{�{WQ%^R4�
'8[�&�GI0l%\G33�<�Pai �1[14] ?℄(j6UPG���1=DaWQ���8[nxUPG�td
'8[�Masoud { Papanikolopoulos
[15] 0v%�G�1�WQ�Xi%�1�0��E�GI0l%&_�℄�+tR4dm�.� kz(j-9Q/�[16∼18]

,XiL�R48[d
9(j�\0m��
�$
Gd)U
AxR4A�Gx Xi%�G�=D�%�2R4{�1�=DaWQ����R4�
'�[�2V�F+{���8A��=~ �1+{A[19]
.k�9k`3\6xA~eU2bMU�<�x�aA6\$
33�MU6��aeU+{p&�x�a>f%^k�9k`3�3�3N�'�93[^�L�ip&�0�eU�iEv{	
�*9�%LA�o�r (Sniper)^�=D{WQn7N�p�x
1��e��0�eU+{[^�-�>U5J�pm�??8tZU�LOTS(Lehigh

omnidirectional tracking system) `3[20] �%
9R'^�6r
�#N�j9��A%�-�
bm0^�WQ{Y2xiu��-t\33�BC�dXT
*q��)3r#�xdx9�B"e%u��h"�m0XTWQaY27N�p�AVS(Aerial video

surveillance) `3[21,22] x
92b^�6r5�(j�%�L�i-�
2u�m0^���E*���{WQ�dk�9k`3x�aA�9Q332X�xd(;��L�i3�k�9k`3t\���gM��td%��.
�u�m0XTQ���
WQ�
Tsao { Wen %gR'^�6#N[23]

.

2.2 ����x�9u�k�8x%�,S0E MPEG-4-�&Z69Q82^���k�,S��Jxk�%~�b (Video object planes, VOP)
[24]

, �Xi�^8xs8 (Content-based)�%��x%�,SvU-�k�-�Lf#;PT;KQ VOP,82� VOPVr
$�>U82�,SBL�*9�Lf-�!fx�'��e�$A�W8.�#\�D;;�.
����x/��'�8x-ZUp2�,S�#\�DH��,S�1^!f�j)rr&N6%��J�
12�t\�N�%�&�2V�t\1y�kz�u�-^^��^s8�I�{F"�xd�
9%�,S�+{p�x^9~x2BLfeXi%u�m0�L�&%a;P[25]
, )
�R'6�dk�WQ�3T~�iAR'�aU^k�9k�8xWQ+{82�d�x8x%�,S-�3�%u�m0�;P{&%�
!7NN�tdb5=�E*
Eu�m0j!f-&%Z��x
2b\r5�Nl%g^�(j [26∼31]

. g<�9�33s1
���,6\i MPEG-4 %�,S��?� (IEEE Transactions on Circuits and Systems for Video Technology, 7(1), 1997;

Signal Processing, 66(2), 1998; Signal Processing: Image Communication, 15(4-5), Jan. 2000;

etc.).

2.3 }	�k=H3bx;�A\G33�XU6��x��1*�j���;�8x���0v%1*�j�=H3btdE;O�E*�$&_$
33{�k��<�=H3b�txm0Y2R'A&_9Q�y�T~2��9utd0v9[8x�8E
-� 2D u
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 !  32y�m03bT 3Du�m0��UNFu�m0�I"9~�[^?�
=H�℄�XtEFu�m0Y2Z��j)XT\��WQ�
(3�g�d�[^u�m0I"�.
)|&WQvU-m0��Sdm�kzWQR'-�9Qp��)=H3b+{tx�B
9p�2b&_9Q�x�T~�-�=H3bakzWQ3T~�R'�dx9[8x�8-�Zp2�pÆ�L
&m0�82�d=H3b�3EFm03bE=H
℄�)kzWQ)3�~Fm0�piu����\i=H3b�Nl���� [32∼36].kzWQ+{\6x�A�G�=Qr�2bMU�<�
pi+{���MU~�'2b�*9�xk�9k`3-%1��E�Y2(j��MU^1 –  L�O�
(Human-computer perceptual interface)-�
93T~�R'd�^.� kz�1�r
{1�Y2[37∼39]

. %^10�=D�Y2aWQ (Facial detection, recognition and tracking)�txpU�k�E-rrH	8x
x�&$J�4Z�b&V��xGÆ1�KA[27,40]
,\i
2b�(j�����33s1
�?� (IEEE Transactions on Pattern Analysis

and Machine Intelligence, 19(7), 1997). )A~MU-�H&~�%^1u��kzWQdkzWQR'-℄9Q(j�/�R'�\r5Nl%
9R'^�6(j�
-u1��U~���Nl\ [41∼44]. xkzWQ+{-����)U8x�8-L
&m0�pÆ�Xi%m0�Y2aWQ�
9+{td#)U�^�8x=�{8xF" (Image

Retrieval)
[45∼47]

,\i8xF"�Nlx33s1
�A\?� (Computer Vision and Image

Understanding, 94(1∼3),2004)^�#N�g<�kzWQ+{6d�uXi (Virtual reality)-�z�+{�9[48∼50]
.UA�~���kzWQ(j7N\BC�
(jTut\o��MU�f�

3 n}ZT-}�+mkDkzWQR'd�G.� +{�,�)8CTE(j/���+U`2 80 vu���[^.� +{�m(�%8x�`%a;Z93�h"8xE9[51]
, x�"8x�8�;Z-�%u�m0�WQt\���h"8x;Z�$�[52]

. +U`2 80 vuYnB- (Optical flow)
[53,54] #&Z����"8x�8;Z^:69Q(j�NQ�
-%nB-�(j/Qj
IO9�W�~6+U`2 90 vu-
�\inB-�U~�N�����Nl [55], �~\`��\N�% L-K 2-^�6�g[56]

. xd�nB-���u�5'ZxiP#%.� ),6d!r��pUYXV�3��2V[^>U5J�pm�Z�nB-%|N$2fL��8AIOoY�Ru�
�(�}TnB-aX1ZU�<�nxG�r�v$�j+U`2 80 vu����Zi6
�5'�kzWQ�-�e+EWE
-NU�9�2-�E6�℄
%
�2-^��g�sg%kzWQR'^�6;"�,�WE6`%kzWQR'�21
G�\�%t*�kzWQ2-^�6;"WE�
3.1 ~si�
�gu�820E�EkzWQR';T�'"�[41,43,57]

. e+TZ9�N��;"�
1) Gx ��m	vGx VS 'Gx �Vr�ZUGx �m�'D���EkzWQR';EvGx (Monocular camera) kzWQ{'Gx kzWQ (Multiple

cameras). m���r'�(j�z^vGx �kzWQR'[1,6,7,8,14,15,58]
, 
-%^8x%�+{),�fm#�IvGx ���8x�8�xd�xX1�k�9k`3-�vGx �t9k�!f�\m�Gg�x9�r�`aL��['�dZU'Gx ��r9k�0C[2,4,57,59]

. g<�vGx 8t��u�m0�v$�℄�)�m�=mkz`3)td�~u�m0�v$�℄[60]
. x%u�m0WQvU-�??,Ou�m0
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m|YS,|W� 607#
{�zV�S���j)�Su�m0�
9R' (Occlusion) du�m0WQ-℄9Qp�R'�ZUvGx T~
9R'py�p�)ZU'Gx tx�rU!AT~
9p'[61]
. x'Gx WQb<9QvGx WQ�Z\�p'�ond9~E82Gx ����82kK�u�m0�℄�*
%M���[^
9R'�p!M%&vfWQR'�p!�3r�Gg\i'Gx WQ�Nl48d�'�

2)Gx d?u�	Gx h" VSGx u��VrGx d?u���E8xWQR';EGx h"V�u�m0WQ{Gx u�V�u�m0WQ�%^r'��k�9k`3),��dxGx h"V%lQ�3$wi>�!f^�9k[1,2,6,7,11,14,15,20]
,g
�!fdh"��)_E�f�u�m0d=���
1��e0NZU!fH-

(Background subtraction) ^�.
=D (Change detection) td%�py8o�Ru�?dMU~6�'�X1`3-[1,2,6,11,12,20]
. xd�x�'��e�Gx du���
u��
℄��;E21�91dGx ��7h��xGx ���� (Pan), C1 (Tilt) �&�6 (Zoom)

[62]
; A91dGx AxlQ=��w*A��9=��R4[17,63] �9��9 [22,64] A�x
���e�[^!f{�f�du���3E*=D4WQu�m0d9B�p�a��0N�9uGx �u�2℄#m�xd�^n7��bA���>U8x�O (Mosaic) �2-E!f�x9��,��	Gx h"V�WQ2-^�`%[65∼67]

; 9uGx d/Gn7u���nB-��d91���I�2-[63,68]
.

3) Lf-u�m0��m	vu�m0 VS 'u�m0�Vrk�Lf-u�m0�m�'D�kzWQR'��#;Evm0WQ{'m0WQ2"�vm0WQ48d9Q>v�R'�sgjLf-=�E*
=D{&%m0n&N�p�*9x MPEG-4,S-�3E�bA9Qu��m0jEv�!f-=�
&%Z�n�88A[28,69]
. [^Lf-|N�Qu�??8tE*
=D~���u�m0�'Z=D~6u�m0�6�pE
=�
&%Z��*9[^HQ�n	 (Illumination) �Qu�}T&%Z��u�m08=��-�\��[20]

. )'m0WQ&vm0WQ3�p�'�x'm0WQvU-�)��I~'Qm0xLf-��p
{ (Occlusion), �4 (Merge), ;$ (Split)����
d'm0WQR'�p��\r5Nldi^
�R'�[70∼72]
.

4) Lf-u�m0�"�	M* VS 7M*�Vrk�Lf-u�m0"��82��EkzWQR';E%M* (Rigid) �WQ{7M* (Non-rigid) �WQ��MM*d t\M�Rb�8A.
�W*�*9R4�9 ��
�1}W*�
�W*�a2$�dRb&Np0�tdU 3D*~j�d~�Gg�%
"u�m0�WQ>U�^ 3Dj��WQ2-&NN�[9,73,74]
. )7M*d <
td.
�W*�9
���W�1��%
"m0910N�2-d>U.
j� (Deformable template) ^�WQ[75,76]

, g<�x%1�WQ2b�r5\_MoD+1�j�^�WQ[34,41,77,78]
, 33s1
�?� (Computer Vision and Image Understanding, 81(3), 2001, Machine Vision and Application,

14(4), 2003) %\i1�Dj{WQR'^�6#N�
5) 
L��1"	��n8x VS �<8x�Vr�ZU�
L�1"�82���EkzWQR';E[ CCD Gx7�����n8x�kzWQ{[�<
L�����<8x�kzWQ�
21"��8xWQ;2x82���eZU�0N�L,�i.Be��-ZU��n8x^�m0WQ�)>A�ZU�<8x^�m0WQ�9uE+�����8x^�6�`% (Image fusion), �9����~&v9
L��℄['�8x�j)$r
&N=D{WQu�m0�t-�

3.2 bw~si�
�dx��y%^kzWQR'�`%�X*AG\21
G[4,79,80]
, 91S�EL�{A (Bottom-
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up) �`%2-�A91S�EL�{e (Top-down) �`%2-�L�{A�`%2-℄S�E�r$� (Data-driven) �2-�
12-8<!^g0�Y��Oj8x�8-��m0�u��℄4^�WQ�L�{e�`%2-℄S�Ej�$� (Model-driven) �2-�
12-9�<!^�bD�j��g0�Y�x8x�8-^�}|u���T�0JJ�>U}|u�V�9upÆv$\EO`�3EWQAu�m0��T�0JJV��~\r�0JJ�%M�B"{5_Eu�m0�y�B"�e+%
21
G^^9:�WE�

1) L�{A�L�{AXikzWQ�
G� Divad Marr �kz.�%N\tu1�[81]
. Marr 3EkzvU�932Xdj 2D 8x-�5
�EZ8x�/T�Lf-

3D W*�
B{�<K'�Eg�Marr EkzvU;E=QP#	{
�-
{�
�{
kz[x:8x��3�8���8x-�!.
w:`�K'�*~;9{[�Rb�-
kzXi[x:8x{3�8��� 2.5D 8�'x�kG�E-��`0`(��1b�,q�L!&8/�M�����
kz[x:8x�3�8�& 2.5D 8���W*� 3D 1^�agpÆ�xL�{A�kzWQvU-�WQ�m�d��Lf-u�m0�K'��!�4�!�u�r#��℄�
py^kzvU-��
P#�E�~
��℄�x��8x�84%8x�8^�k`%���sg�Oj8x�8-=Du�m0�
d{
P#�=D~u�m0���&%Zu�m04^�Y2��{�d?WQ�
py^-
P#�\�%Fm0^�WQ4��u�m0�piu��℄�A~vU�`%��a;E�:�Æ9:E8xk`%�9�%�����88x^��|����&N8x,5�2-��`%�Æ+:Em0=D�xGx 8���e9�>U�H-[82]�!fH-[83] ^�.
=D��%u�m0�gV�~�u�m0d9Q�� (Blob); Æ=:Em0;"�3=T2Q2X�sg&%Z=D~�u�m0�
h%Fm0^�Y2�\�xm0WQP#��u�m0�piu��℄�
12-�X�x^t��=D4WQu�m0�-^\UXi�m�?\r5X1`3)UF
GT~kzWQR'[1,2,4,6∼12,14,15,20,70,72]
. F2-xGx h"��e�u7Ny�x9uGx du����Xiu�m0=DaWQn&N�p�Ggx�rU!Apm6F2-�ZU0C�

2) L�{e�L�{e�WQ
G� Bar-Shalom �m0WQai.
t\tu1�[84]
. 
9
GEm0WQR'��Ex"8	 (Bayesian) %N�7e�?�m0B"�g0JJ�x����5D (Measurement) �8$�Tm0B"�\r�0JJ�vU�6nd��x"8	%N�7e�EkzWQR'�_d “\X<D ” ��d91 “;% ”vU�0N>UB"�<- (State space approach) XikzWQ�sg*�m0�B"{5 {Xk}k=0,1,2,···, 
- k 1^$?V<�8�B"dWQ`3�xZ�%M�B"2U9e	

Xk+1 = FkXk + V k (1)
hdm0�kD{5 {Zk}k=1,2,···, 22 k 1^$?V<�8�kDd j8x-&%�S1$��%M�kD2U9e	
Z = HkXk + W k (2)x (1) { (2) ℄-�{V k}k=0,1,2,··· { {W k}k=1,2,· 1^|N�8�0N5��^d +2;9� (Independent and identically distributed, 0E i. i. d.). x*�6B"{kD�



4 � �$��
m|YS,|W� 609��WQ�2Xd	a) Vr k V
��kD�kD k + 1 V
�B"�b) p~ k + 1 V
�kD�%kD^Z���5Jx k V
�\B"�g0JJ p(Xk|Z1:k), 
-�Z1:k = {Z1, Z2, · · · , Zk} 1^9�~y� k V
��\kD5�Fg0JJ%^ k+1V
dg0�)%^ k V
d�0��WQvU[2:[T�kD	 p(Xk+1|Z1:k) ∝ p(Xk+1|Xk)p(Xk|Z1:k) (3)[�	 p(Xk+1|Z1:k+1) ∝ p(Zk+1|Xk+1)p(Xk+1|Z1:k) (4)
2n�~6 k + 1 V
��0JJ p(Xk+1|Z1:k+1). 
-B"�=JJ p(Xk+1|Xk)dDj`3��"$��y`3|NEN	;9 (Gaussian) � Fk { Hk En�i` (Lin-

ear ) V���)U�*WK6 (Kalman filter)
[84,P.56] �T�0JJ�gV p(Xk|Z1:k) {

p(Xk+1|Z1:k+1) �;9�)�dN	;9�y Fk { Hk E7n�i` (Nonliear) V���)U���*WK6 (Extended kalman filter, EKF)
[84,P.106] �T�0JJ�gV�0JJ4,UYN	;9�91,u EKF �2-d UKF(Unscented Kalman Filter, UKF)

[85,86]
.9uB"�<d$?�)�d[\mQB"[T�����ZULT*��j� (Hidden

Markov Models, HMM)
[87] ^�WQ�xd�d��*WK6#t`%n��N	�vj" (Unimodal) ����X1�kzWQvU-��0JJ�;9??d7n��7N	�'j" (Multimodal) ��Eg�91S�E�m_$�Q�2- (Sequential monte carlo methods, SMC)

[88,89] #&ZU^T~
"���F2-xM&Z�V4Jv~�ri>��~ 1996 v�[ Isard { Blake &Z Condensation �-��[90] =J�o1>B�m�
9"2-#SE,JK6 (Particle

filter), dy�kzWQ2--�(j/�[91∼96]
, 33s1
�?� (IEEE Transactions on

Signal Processing, 50(2), 2002) %g^�6#N�UKF 
t6�#,JK62-�VU�
1��e,JK6#SE UPF(Unscented particle filter)
[97]

.L�{e
G)Ug0�Y%WQR'D+j��,�)UX18x�80�j���*��
12-t\;X���%N�_�\�'��\t��ZU�Gg9�d%NU(jkzWQR'�9B2-�xd�g0�Y�1~d1\+t (Artificial intelligence)-��p�x�)�1��'g0�Y6�pU��
℄�1p�g<�0vj�}|�XiWQ??&N:V��pxX1\U-XiXVWQ�L�{AWQ{L�{eWQ\GSL�X�{(��;EL�{A{L�{e
21
GR���ZU�n\�t�BSL<��Xi[E\��WQ�Nl [80] -%g^�6Mo�
3.3 ~si��fj 20`2 80 vu�~m�E"
` 25 v(�Zi65'�kzWQ�-�1988v�
Aggarwal { Nanadhakumar %u�8x;Z�-^�6XR[98]

, E�-;E2"�9"d�^nB-�;Z�A9"d�^$���;Z�g�xkzWQ>f-�℄Zi6�'��2-�
-xNl [7] { [44]-�EkzWQ2-;E�"�;2d�^!f�WQ��^$��WQ��^.
j��WQ{�^j��WQ�
1;"2-J�6m�r'�kzWQ�-�GgebU
1;"2-%kzWQ�-^�WE�
1) �^!f�WQ (Region-based tracking). �^!f�WQ�-�$
td	sg�~�xm0�j� (Template), Fj�0v8x;P���dkg1E*��j�0NELr^m0�q
�6�E8p�
B�,�x�88x-�uUpi�-WQm0�%�!8x��>U�^P%{$��pi�%?�8x��)U�^.��pi�\NU�piE�d�2{E� SSD(the sum of squared differences), 9e℄

C =
∑

(i − j)2 (5)
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 !  32y℄-�i { j ;2d8x I { J 8x�x��F�-��{'1kD�-R�ZU�9n�kD�+h#nkD��*WkD���e.[A8x-m0�K'�
1�-�X�x^ym0J#
{V�WQ
!7NN�WQ7NQ��x
(�sgd:V�y��!fNrV��Z
'3�
h��-3�m0.
8r��8t\!r
{�?�pi
!eH�}Tm0��S�\i�^!f�WQ�-���Nl [99,100]. `v��%�^!f�WQ2-i>N'�d9~`%j�.
V����
1.
d[u�m0I".
J���9ut�*kDm0�I".
���XiQ�WQ�(j
9R'�\iNl��� [79,101,102,94,103∼106].

2) �^$��WQ (Feature-based tracking). �^$��WQ�-9�6>Upi�-�a�^!f�WQ�-�82�`x^���ZUm0�*_EpiV�%~�)��ZUm0�lQ�l�p;$�_EpiV�%~�
1�-�X�x^'Zm0�l9;;#
{�#3�\9;;$���#�~�n��=TWQ2X�A<�
12-a�*WK6�.�ZU�6t\�y�WQ�u�
1�-�p�d	%lQu�m0�9~*���D9$�%�
6d9Qj℄Y2R'�;>U$�v'�`3�JEH	��8AIOoY�Nl [108,109]%
9R'^�6#N�x$�&%V�9�>U
Canny �J��m0�+o$�[110]

, )>U SUSAN �J��m0�K��℄[111]
. \i�^$��WQ�-���� [112,113].

3) �^.
j��WQ (Deformable-template-based tracking). .
j�dP%�+o���9�m(.B.
�b��#n[10]
. Nl [114,115]-�m0j�E9.r	 (Hand-

Drawn) �>(#n�F#n0v2{&2{�.
8Ca8x-��Xm0pgM�j)=��WQEv!f-�m0�xkzWQvU-�[ENU�.
j�d[ Kass x
1987 v&Z�9�M�j� (Active contour models, ACM)

[116]
, ℄SE Snake j��Kass U^e��WQ�Snake j�7Ng��.
m0�WQ�9%u�
��WQ[75]

. 
1j�a�*WK6pR�td[y
^�WQ[117]
. Vieren �&Z691�^ Snake j��'m0WQ�-[118]

, 
G&N�R�x Snake j�&Ng�vm0�WQ�%^'m0�WQ['
d>U�^��% (Level Set) 2-�9�M�j�[119∼121]
, \i�(j���� [122∼125].

4) �^j��WQ (Model-based tracking). %1*^�WQV�0N\=1
℄�j�[42]
, 'n8j�� 2D j�{ 3D j��xdxX1�kzWQ�--�['�d>Uu�m0� 3D j�^�WQ�Z
%^M*9�R[9] �WQ�
�$
td	sg[g0�Y��m0�=HRbj�{u�j��,�VrX1�8x�8�*�Zm0�=Hj����^)*�Zm0��Vu����
12-�X�d���
*
;Zm0�=Hu�r#�'Zxu�m0I".
���e�6td��
WQ�xd
(�x^�u�;Z�
!%~^*~j��
!�xiXO�-3���\u�m0�
**~j�d7N�p��
nm(6�^j��WQ�-�ZU�2V��^ 3D j��WQ�-??�3r5�u�V<��pXiXV�u�m0WQ�\i�^j��WQ�-���� [73,74,126,127], x\`�U~[128] -�_�%�^j��WQ�-^�6r
�WE�

4 n}ZTT)/�r�
�B
4.1 ~si�
��dzej�(�k����kzWQR'�b<�93p���qRE%kzWQ�-x=Q2b�3��'%�-�E���E*�{���[43] 3��
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1) E�� (Robustness). �ME��d kzWQ�-tdxS1�i.BeXi%u�m0W�Q��WQ�QukzWQ�-E���\93lGx^[101]
:

a) #WQu�m0�I"H.�
b) u�m0�`�i�n	.
�
c) ;;
{J��u�m08p�.
{';
{J��u�m0�zV�S�%u�m0^�=H3btd\�T~
I"H.�J��m0�S��^ 3D j��WQ�-�x�rU!AT~
9R'�x�^ 3D j��WQ�-�nx�pm�'3m(6�xX1`3-�MU�yu�m0�`�i�n	,OH.V�>U8x�!�℄��?�℄_EWQ�_�kzWQ�-9���S��)�^8x$��2-??8vn	H.�Qu�9)Uu�m0�+o�℄t\�*an	.
%u�m0�Qu�xxEv�i-3Eu�m0�+o{6C
�m0+o!;��d7N�p��
{R'dkzWQ�--℄9p�R'�)UvGx T~
{R'69�dkzWQ>f-�/�[15,102,129]

, ))U'Gx ��x�rU!AT~
9R'�x�9��~�'Gx �MU℄�J:��p'�X��%kzWQ�-�E��3�dkzWQR'(j�3��m��FR'�ppZ\�~�y�T~�
2) E*� (Accuracy). xkzWQ(j-�E*���2Q2b�9d %u�m0=D�E*��A9Qd %u�m0;P�E*��%u�m0=DE*��m�db�tH	u�m0=D��eJ{DeJ�j)&N%�Xu�m0�=DJJ�
9�xk�9k`3-3�&NN[20]

. [^X1Ev�i-nxr5|N��pXiS1�i.Be%u�m0
E*=D�??#tx�eJ{DeJ�<#�9Q�- (Trade-off).%u�m0;P�E*�93MU^8x%�,S-�FR'X1Ad8x;P (Image

segmentation) R'�%[?dZi6A�1S1"��;P�-�x[^CU0U�;P%N�m�4Z\91g�^�\8x�0U;P�-[130]
. xkzWQ�--�%8x�8-u�m0�;P�['�d)Um0�u��℄Xi%m0�&%[131]

, 9)UnB-
[53,54] Xi%8x�8-u�m0�;P�)9�M�j�[116,120] 6dXi%u�m0&%�NU2-�9wtdXi%u�m0�E*=D{E*;P�oX6ntdE*��u�m0�piu��℄�

3) ��� (Speed). 9QXU�kzWQ`3)�tdXi%u�m0�XVWQ�
n3�kzWQ�-)�t\���[26,65,104,123]
. xd�kzWQ�-`%�%~d�xsr�r5�8x�
��-??�3r5�u�V<��pp~XV`%�3��0N�>v�-tdXiXVWQ�xWQ
!)�H�Ev�-t\�N�WQ
!�XV�)�H�910U�?�kzWQ�-u�5�2-d)UYP ;T��6.�E8x;E`%�A91
GdJ.?USBXiXV�kzWQ�A~#N℄℄#dj�(K!>3
TZ6kzWQ+{-�*Q93p�R'�kzWQ+{�b<�[E9��p'd	9~j8x�8-Xi\��8x;P{8x%M�
(�8x;Pd E#WQm0j8x�8x�8-&%Z��)8x%Md E#WQm0x8x�8-\0tdE*�%M���UNFm0d?.
�#
{���8x;PR'm�CJ�~\�T~�)8x%MR'�daj℄Y2\`p/�1\+tp'�['�\ikzWQ+{�b<��pxU~Nl [37,41∼44,98,128]-�\�N~�
-�H&�[9Qp����^�L:(j�

4.2 ��Xi9Qt\E���E*�{����kzWQ`3dy�kzWQ+{y-�2{�xkzWQ+{x
*Q2b-[�^9:�d7N�p��GEF+{�,�a
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 !  32y1�L�$��(j\`.`x9��[^m�%1�L�$�Z\9Q9B�%N�
��j�[dp�D+�2V�x.� kz-r'�R'd8g���
n[�46kzWQ+{,��p!�xd�kzWQ+{t\o��MU�f�48℄℄pm^�+�WE�*Q2b��G.� +{�8$,��kzWQ+{_E.� kz>f-�z�+{�9�x9�iA+{-t\s�s33�_U�*9 �1+{�+tV�`3��uiX+{��2V`*Uv����%N2b%�6sr�^:�Z.� kz+{x,�vU-���y�)U
���\t`%kzWQR'�Gg�blkzWQ+{x�^��GA�nxG�'�p�xd
�t\��r�Oi-)EZ
9+{�~�\-�,��4%1^J��O�IOLp�Qu�
5 S�ekzWQR'dy�.� kz>f-�/�R'�$N%
9R'^�6r
�WE�sg�%F+{MU�93>f�'xk�9k�8x%�{=H3b�=Q2b�MU^�6N~�
h�r
J~6F+{�(jiB�WE6
-�9�NU2-�E6�℄
%
�2-^��g�g%kzWQR'^�6;"�,�WE6`%kzWQR'�21
G'L�{A{L�{e�
G�\�Et*�kzWQ2-;E�"^�6WE�
�";2d�^!f�WQ��^$��WQ��^.
j��WQ{�^j��WQ�\��j�(N�K!TZkzWQ�-�b<�p�R'�'�-3UYE���E*�{���3�V�i~��p�2V�>3�%kzWQR'�(j�f^�6���$NG3�%6`Uv�ss<xkzWQ+{2b�(jTu�jA�~��Nl-�Z9�'~33��Nl�[^
�Nlt\[y�%N=���Gg�xNl�~A['
i>6
�NN�0v$N%kzWQ+{�WE�_�t%pi>f�(j1n{\U+{1n&_\D�<�
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