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Spatial Features: We consider one human motion as 
characterized by different combinations of three main 
body parts: torso, arms and legs. For extracting spatial 
relationships and reducing dimensions (from 62 to 3 
dimensions) among the 3 different body components, we 
separate a motion data matrix ( ��( × ) into three sub 

matrices ( '�(( ×=α , :�(( ×=β , ��(( ×=γ ,  
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where �:'� ++= ) belonging to torso, arms and legs part 

respectively. From three sub matrices, SVD decomposes 
"singular" values [5]. 

                O''P'' == γβασ ∈=Σ= ���(;<( ����
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'I����I� �	�� I�����I� �
��"�� ��We can extend GMM with 
EM (Expectation Maximization) for finding local maximal 
values based on the initial GMM values of human 
motions. After iteratively running with GMM and EM 
model (Fig. 3 (b)), we get the locally maximized mixture 
value.
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Figure 4. Quantization Value Representation of Similar Motions. 

Then, we assign each maximized value to the closest 
quantization value ( -'�'�'= ←←←← ����φ  and so 

on) in order to get the quantized representation of each 
frame window from spatially extracted feature vectors. It 
shows the effect of temporal segmentation as well as 
semantic quantization (see 'walk' example's quantization 
representation -'2-1-6-1-2-1-6-1-2-1-6 in Fig. 3 (c)). In 
Fig. 4, we observe that quantization value representation 
from semantic GMMEM has been segmented with 
temporally similar frames. Thus, finally extracted 
quantization value has spatial and temporal characteristics 
of a specific motion. 
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H�� ����� ��� �<�T$.,$E�� ���������� 0==2� ����� ����
���	� 
���� ��� �	���� ������ ��6�� ��� �������� ������ � � �
��	�����	�� ������
��
��� �������'����
�� ��� ��	�"����������
����������	���Through the Semantic Quantization process, 
we have translated from high-dimensional 3D motion 
capture data format into Human Motion Strings. Here, we 
call one-dimensional semantic representation of 3D 
human motion as Human Motion Strings. From the 
observation that 'SEQUITUR' algorithm [11] can segment 
real sequences with repetition units and deal with variant 
nature of similar sequence data, we get to know that 
'SEQUITUR' algorithm is also applicable to Human 
Motion Strings. For similar motions, most of the 
hierarchical rules are commonly shared (see Fig. 5), but 
there is a variance problem to solve. For example, in the 
first root node rules, R3770 and R3793, R3793 subsumes 
R3770 as left child and has R3740 as right child.�
(R3793 ⊃ R3770 ⊃ R3740). Such differences between 
similar motions are caused by length-variance; in this 
case, "basketball signal (b)" has more motion sequences 
than "basketball signal (a)" as amount of R3740 at the 
initial part in time order. About these variance, 
'SEQUITUR' can find common parts as rule in 
hierarchical manner (in that, “basketball signal (a)" also 
has R3740 as found rule), thus similar motions can keep 
those maximal similarities as common rule even if there 
are variances among them. 
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We can see that 'SEQUITUR' algorithm with textual 

sequences and music score shows (see [11]) same effects 
when it is applied to Human Motion Strings; finding 
repetition units and dealing with variance by detecting 
the maximal common rules. Namely, even if there are 
variations due to persons, we can extract the maximal 
common expressions as the detected rules. Using the 
detected rules as 'terms' in the document, finally we can 
construct an HMDoc (Human Motion Document) from a 
single 3D motion capture clip. Thus, every HMDoc have 
the same length since each HMDoc consists of rule-
frequency values throughout all the rules. 
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���� ���	� ������
�������+�������,�����=!��Muller et al.’s approach showed 
quite good results since it also extracts each human 
motion’s geometric relational features, which is close to 
semantic characteristics of each human motion class. For 
instance, when a human walking, normally hand and leg 
geometric location has been switched periodically.  
Whereas Muller et al still keeps 31 dimensional values of 
a frame as feature vectors, our HMDoc approach can 
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reduce even to smaller representation (as small as x, y 
coordinates) with showing almost similar precision and 
recall values. This process makes retrieval speed faster 
since we just have to compute each motion’s coordinate 
values. Although we simplify human motion expressions, 
we can achieve more accurate results in precision and 
recall values (see Fig 7, 8). 

2����
������
		
We proposed a new cross-media retrieval framework for 
3D human motion data in this paper. For the 
dimensionality reduction issue, we can reduce complex 
(62) dimensions to 1-dimensional quantization 
representation through semantic quantization process. To 
transform 1-dimensional human motion strings into latent 
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semantic indexing applicable format (HMDocs), 
'SEQUITUR' has been used since it is quite useful for 
finding hierarchically repeated rules from 3D human 
motion data. We observed that newly constructed HMDoc 
matrix sparse one like textual document data. From LSI, 
we can overcome lexical matching limit and index 
conceptually since human motion expressions have subtle 
variance. This also happens when we try to retrieve with 
textual document since human writes similar meaning 
with different words. From these procedures, we 
demonstrated that 3D human motion data gets benefit of 
information retrieval techniques fully, such as 
hierarchically repetition detection ('SEQUITUR') and 
conceptual indexing ('LSI'). When we increase the k-
semantic space dimensions, we can achieve 88.72%, 
86.98% precision and recall accuracies.  

More than this, we don’t need to train our dataset, but 
reduce the dimensions and map into semantic space. It 
promises the scalability effect for mapping newly taken 
motion clips into the pre-existing mapping space 
incrementally. Different from other multimedia format 
(images, video and music), with 3D motion data, human 
body parts are already mapped into columns of motion 
matrix. Thus, we can get much better effect in bridging the 
gap between human motion matrix values to higher level 
semantics.  
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