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Abstract 

 
We present a new method for identifying a set of 

movement types from unlabelled human motion data. 

One typical approach first segments input motion into 

a series of intervals, and then clusters those into a 

set of groups. Unfortunately, the dependency 

between segmentation and clustering causes trouble 

in alternate tuning of parameters. Instead, we unify 

those two tasks in a single optimization framework 

that searches for the optimal segmentation 

maximizing the quality of clustering. The genetic 

algorithm is employed to address this combinatorial 

problem with our own genetic representation and 

fitness function. As the primary benefit, the user is 

able to obtain a repertoire of major movements just 

by selecting the number of classes to be identified. 

We demonstrate the usefulness of our approach by 

providing visual descriptions of motion data, and an 

intuitive animation authoring interface based on 

movement collections. 

 
1. Introduction 

 
Captured human motion data is widely used today in 

various applications such as game development, lm 

production, and sports analysis. Given a large amount 

of motion data for practical use, it is often 

challenging for the user to quickly recognize what 

kinds of motions are available, or whether some 

special kinds of motions need to be additionally 

acquired. For example, let us assume that we have a 

motion clip in which hundreds of dance steps are 

included. Manually examining the entire sequence not 

only is cumbersome, but also hardly provides a 

complete view of major dance steps, such as `box 

step', `free spin', and so on.  

 

Many researchers[1,2] have addressed this problem 

by presenting automatic methods of identifying a set 

of movement types from unlabelled motion data. A 

typical approach first partitions input motion data 

temporally into a collection of motion segments, and 

then clusters those into several groups such that 

similar segments can be included in the same group. 

The result of this two-phase approach strongly 

depends on the first phase, motion segmentation. As 

an extreme case, if we use a uniform segmentation 

scheme of partitioning input motion at regular 

intervals, it is hardly expected for any clustering 

algorithms to produce meaningful categories. In fact, 

there are a lot of more elaborate segmentation 

schemes than uniform partitioning, and suitable 

combinations of segmentation and clustering methods 

can yield much better results. However, there is not 

yet a consensus about any specific combinations that 

guarantee reasonable quality without respect to the 

domain of input motion. 

 

We present an alternative approach to automatic 

motion classification from unlabelled human motion 

data. Instead of regarding segmentation and 

clustering as two separate procedures, we unify 

those into a single optimization framework in which 

both the segmentation of input motion and the 

clustering of segmented intervals can be 

simultaneously achieved. Given only the number of 

classes to be identified, we search for an optimal 
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segmentation that produces the most concise and 

precise collection of movement classes. In order to 

cope with a large diversity of lengths and 

arrangements of basic movements, we allow both the 

lengths and the number of segments to vary within a 

pre-defined ranges through our optimization process. 

As a result, hundreds of irregular size segments as 

well as dozens of regular size segments can be 

equally treated as candidate segmentations for the 

same motion. Such a few constraints give us a huge 

size of search space for optimization, which could not 

be practically handled by exhaustive search. 

 

The main benefit of our method is that the user can 

acquire a precise repertoire of major movements 

easily and consistently. The user provides only the 

number of motion classes without caring about which 

segmentation scheme is appropriate and how finely 

or coarsely input motion should be partitioned. We 

demonstrate the flexibility and usefulness of our 

approach by summarizing a variety of input motion 

data visually with a concise set of still images of 

classified movements. Furthermore, our experimental 

interface system shows that the user can intuitively 

author new animation sequences just by arranging 

movement classes at any intended orders. 

 

 
Figure 1 Movement classes from breakdance motion 

data of about two thoudsands of frames. (top) The 

centroid motion segment of each class. (bottom) Some 

example motion segments other than the centroids. 

 

2. Classification 
 

We employ the genetic algorithm to find a good 

approximate of the global optimum from such a large 

combinatorial space. To do so, we devise a genetic 

representation of the solution domain so that any 

feasible segmentations can be compactly encoded as 

binary strings. The fitness of a string, in other words, 

the goodness of a segmentation, is evaluated 

according to the quality of the clusters formed by 

running the K-medoids algorithm on the segmented 

intervals. Our measure of clustering quality prefers 

more compressed, and less lossy classifications. In 

optimization, a population of initial strings are 

randomly generated, which iteratively evolve into the 

next generations through selection, crossover, and 

mutation. When the optimization terminates, the 

string of the highest fitness is regarded as the best 

segmentation. The clusters formed by running the K-

medoids finally on the best segmentation 

corresponds to our collection of movement classes, 

each of which is best represented by the centroid 

segment of its cluster. 

 

 
Figure 2 Movement classes from boxing (Left) and 

basketball (Right) motion data of about three and five 

thousands frames, respectively. 

 

3. Results 
 

We experimented with a variety of input motions 

including boxing, break dance, and basketball. The 

number of classes for each motion data was 

determined by running optimizations with various 

numbers between 5 and 20, and selecting the best 

one yielding the highest score. In optimization, we 

used the same parameters for every test data. We 

represented a segmentation as a string by arranging 

possible cut locations at every one second. The 

population consisted of one hundred strings, which 

reproduced for 500 generations. For each generation, 

the topmost 10 strings were selected as elites, and 

transferred to the next generation without crossover. 

The usefulness of our approach is qualitatively 

demonstrated by visually summarizing each 

movement class in Figure 2. We rendered a small 

number of poses belonging to each segment in a 

cartoon style, and layered the rendered poses in 

sequence of time. 
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