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Abstract We propose a new method for real-time 3D human tracking and modeling, and

implement a robust reference application system. Focusing on applications, e.g. desktop

human computer interface, which require low tracking accuracy, the method makes a good

compromise between the accuracy and system simplicity. It uses multiple cameras and

recovers the depth maps in real-time, and then uses both color and depth information for

tracking. It adopts a simple 3D human upper body model, and uses color-histogram-based

particle filtering to track human head and hands, and hereby reconstructs the 3D model.

By using face detection and hand color clustering algorithms, the system initialization is

fully automatic. Extensive experiments demonstrate that the system can robustly track and

model human motion from complex background, and can automatically recover from losing

of tracking object. The system runs at 25Hz on a 2.4GHz PC.
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CAMShift
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Fig. 1 3D human upper body model �wÆF&:9"j��J��OK�wm'�u�K�y�?X [12] wÆgrF&w/�"O�J�:9"!fLSOX	Wtorso=1.4Whead, Htorso=1.4Hhead, Warm=0.5Whead,

Harm=2.2Hhead, Wforearm=0.46Whead, Hforearm=1.9Hhead,)wWtorso, Htorso, Whead, Hhead,
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Warm, Harm, Wforearm, Hforearm ",>80�3�g$\n$wW�\3��+�w�_F&Z�az �Qig�a&���\39\T-�8��/2ÆCrd��Æ;F&w��O��\p�_	|Q#vu��w�=�Z�a&:9"w!fLS�#�3���wCr�Q#gqJ�Va&�����~wCr�\�;Q#s)V`8UA�w����~w�lEuOX�I	,V���l�5,�~Cr�

H2
arm=(Handx-Elbowx)2+(Handy-Elbowy)

2+(Handx-Elbowy)
2

H2
forearm=(Shoulderx-Elbowx)2+(Shouldery-Elbowy)

2+(Shoulderx-Elbowy)
2

Elbowx=max(Set(Elbowx))

3 V2o_S/�Z0|Fw`&"O�1�6�Xw��vuF&`&5g��f0|<9"O�vuF&w3�80���#��~y:89"w<9?��f=�wvwO�?0|F&�ws)�vVFwO�"O)S�S/w)HX5OX�

6 2 U1Y6
Fig. 2 System diagram

3.1 ?'0* F�-;1 [13] #Vwg&�E}�>�℄G��;1U8℄g3-8;�5g�,Vg&�E\wv33�S
�5��;1.Pu0��I_���I# 25b
/ w��#D 640×480"(~�8C3�w�5g�-8wU|=W5g�5 3(2,4) >+g&�E}w	V5g�
3.2 �62!m�*��TH6'n5gw4ZX�;1`�w�6�w6e;>�w0|[14]

. pTm℄g}S/w�NX'ny*��v/d�6�XoS�Q�vsq>�eM�4;/1�WuQ0|�6�X5G��*`I	)`�\�WuQG-0|�6�X�b�wv�QOwF&7B��_TswT0b5V℄-6��>�6b0|�6�ww�g�S/�ZÆ�5



4 ( ��mz
H(VBP�nl?����U1 5630|C\#:X9"eM��Af��\p�5gw$H��#vuH6w��6�w�T�6�XVOk�q5gwV℄�n;�6�w�k�� +�>-6��\�vuz;�w-6���T0|z;�Ww�6�Xk�>u�\t�Æ�Ww�'���VOT HSI �WS�w0|�T�65g�ww�/�)w�8�w�W"7w
&<\�F��Q�g�W�63��w�,V�W�6�X�vuz;�Ww-6���;1�\�WuQ",fM-6��gf�q15?w��5,q8��w!��Af0|z�
�1#vu-6���\�wM`A�mXub�eMg��O5U�w	m_z;�Wy[�uQw-6��6b�Ve�%H53P�p|q[!�wweMr[��\��fq1-6��fM-65g�O5 3(7).

6 3 *a�X^d�x�7�Y (1 �2 ��X^d��7�3 �4 �
Rx>X^d�6h�5 �6 �n
1}�X^d��7�Y*T�7 �*a�X^d�1}�7�Y*T)

Fig. 3 The depth and color cues are combined to subtract background
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1) ��TsCri�5 Hist init

2) b"6k� t w� � {Sn
t−1, π

n
t−1, n = 1 · · ·N} w�0|{;��Gfk� t wq� �)w N >� 	

a) GfHL"7�} r ∈ [0, 1]
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b) ,V�"�EW�nw j, qv Cj

t−1 > r

c) q S′n
t = Sj

t−1

3) CB	q1L�ibO��w0|CB�qv Sn
t = AS′n

t + Wn
t , )w A |O��w=^�W *w)�wa�"7Ve�

4) MB
a) ����8� irÆ-w5g7BQ�ni�5 {Hsample(n), n = 1 · · ·N}.

b) ,VEu 7 ��TsFn7B\� 7Bi�5wBb B(Hinit, Hsample)

c) ��� wru�	πn
t−1 = 1/B(Hinit, Hsample)

d) Q�n� ru�qv N∑

n=1

π
(n)
t ≡ 1

5) ?J�	��� w;$Hk�>?J�wk�~Xt =

N∑

i=1

π
(n)
t

~S
(n)
t , ~X |Æ�)qwCrwCB�

6) uu 2)

3.4 ;B%IP+VF�L(|��4�b3�4O�wF�
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3.6 #J0*4;:y0Dy*��>�+6kv�f>�eMw4Z�*`T�8m
w-1S/w��yO�weMs)}t|#5Q\w� S/;1Fn�B\F�%W>`��
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6 4 ?��VB�xt*xR�p*T�1 �Ut*R�7�2 �3 �Ho^�UtpWP�4∼12 �nH[�b?�WP�R$N�V�P� (4∼8), 4:"� (7,8), 6h�i (6), fNt* (10,11), L�H1E
(12). 9 \xv:$?�,xi��6x�F{+x?a*Txt��Y$.+xo��:�^b(Es

Fig. 4 The result of tracking and 3D model rebuilding
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6 5 �6�o��� X �k?�l�n�l�"�:6��.� Y �k"&
Fig. 5 The comparison of tracking result and ground truth

5 �+_�� F#Vu�yqwmkF&>�������/m℄u� ?MS/�m�d��+S/�T)Q�6XÆF&Z�aw��O�0|mkz�w>�\���/bX},Gu�Tsn\eMs)yH%�+S/ÆNXq8\�>�[w��y�6�7�5�Q#O�O1T�\F}!j��>_y�yH`�X`&>�S/_��Æ9� F)���w^q\F`OX	1) -1u�y�nwF&Z�a�w�q1 8 8Tt�ÆF&Z�a���gg {uF&>�w)Q��-k�IbXw��FZ�aw�����2) 6o+P�uQ0|F&>��)`q1�\=WuQ0|F&>��\| S/�Iwv3�z�~w{�zZ�m�d��\qyuQw)`6e;\)Q�6\)QNX4ZXwF&"6�3) e1F&n9\�9"_�#Vu<�wTsn�eMs)���z; Fw>�S/�Q#T#X�i0|P�9	1) e1 PC }m℄g&�Es)�q S/A6�XwQ7O~�2) >���w0�83n�##3z�~\O|����\�6owe1�uQyuQ�3) �nS/Æ;F&#�aÆ℄g}y
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