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ABSTRACT 
This paper describes a new video editing technique that 
uses motion recognition to provide several useful 
commands such as find and replace that are as easy and 
intuitive to use as text editing commands. Our approach 
adopts temporal template matching to allow motion in a 
video to be located by spatial and temporal searches. We 
exploit the motion-history image as a temporal template; it 
allows the feature of image motion to be represented. We 
also describe smart video browsing techniques such as 
skimming based on motion-based editing.  
Keywords 
video editing, motion recognition, temporal template, 
motion-based retrieval, video skimming.  
INTRODUCTION 
A lot of video stock material is being generated every day, 
and it has become more important to edit them easily. 
Many approaches have been proposed, but most do not 
provide simple ways beyond just playing. Video is a time-
based medium, which makes editing difficult and tedious 
work. Most editing operations require us to manually 
pinpoint specific frames; this involves many repetitions of 
fast-forwarding and rewinding. In addition, the syntactic 
units required in editing are not frames but shots; moreover 
parts of interesting in shots.  

Our goal is to realize a smart video editor that is as easy 
and intuitive as a text editor. It should provide the useful 
commands needed such as find and replace. An earlier 
implementation on simplifying video editing is Silver [1], 
which uses metadata such as shot breaks, thumbnail 
images, and clip titles. We focus on motion, since motion is 
very common in video and can play a key role in content-
based retrieval. Despite the progress made in image and 
video content analysis [2], motion recognition remains an 
enormously difficult problem. A key weakness is that it is 
difficult to create spatiotemporal features that well 

represent motion; motion recognition involves the detection 
of the movers as well as an understanding of the distinct 
motions among a continuous set of activities by movers. 
One interesting approach to the representation of motion is 
the motion-history image (MHI) [3].  

This paper describes a new technique for video editing 
based on motion recognition that uses temporal templates. 
Fundamentally, it provides spatial and temporal searches to 
be conducted to find the required motion in video. We use 
the temporal template matching for motion recognition; an 
appearance-based approach eliminates the need to take 
account of video details such as camera parameters and 
contents. Our idea is to use MHI to create temporal 
templates. This is advantageous in terms of matching 
reliability since the intensity of each pixel in MHI provides 
some form of temporal information. We also describe 
exciting applications that provide smart video browsing 
techniques such as skimming.  
MOTION RECOGNITION 
Motion-history Images 
Pixel intensity in an MHI represents the history of motion 
at that pixel. Let I(x,y,t) be an image sequence and D(x,y,t) 
be the binary image sequence generating by frame (I(x,y,t)) 
differencing. MHI M(x,y,t) is as follows 





−−
=

=
otherwise)1)1t,y,x(M,0max(

1)t,y,x(DifT
t)y,M(x,  

Note that duration T is critical in defining the temporal 
extent of a movement. The result is a scalar-valued image 
where more recent moving pixels are brighter. Consider the 
example in Figure 1, where the arm swings downwards.  

 
Figure 1:  Arm motion with corresponding MHIs.  
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Template Matching 
To recognize motion, we utilize MHIs for template 
matching by means of cross correlation. Motion templates 
are rectangle image created from MHIs including the 
motion targeted. To compare templates, MHIs are created 
from each input sequence and the regions of motion are 
detected by thresholding MHI against zero. The regions are 
scale-normalized to match the template and the normalized 
correlation with template is calculated. MHIs consisting of 
regions with high correlation are identified as indicating the 
same motion. This makes it possible to determine the 
region and duration of required motion in corresponding 
frames.  
VIDEO EDITING 
Find locates the region containing the motion of interest 
(motion duration can also be specified) from among the 
video materials stored. A typical result is shown in Figure 
2; the pitcher winds up prior to pitching to the batter. 
Motion templates (right) are created from the sequence 
including the targeted motion (in this case the wind-up). 
The MHIs (middle) are created from a baseball video (left), 
and the motion region (marked rectangle) is detected. The 
normalized correlation to the template is calculated and the 
resulting score (lower) shows the correlation value at each 
frame. It exhibits four clear peaks corresponding to the 
same motion; the pitcher wound up four times. Thus, Find 
provides sophisticated but reliable searches. The current 
implementation almost runs in real-time.  

 
Figure 2:  Example of Find results.  

Replace allows the motion to be replaced by the equivalent 
motion as discovered by the Find command. Since the two 
sets of motions will probably have different lengths and 
sizes, we need to scale the replacement regions and adjust 
their time base to achieve spatial and temporal consistency. 
An example is shown in Figure 3. In the original cut the 
speaker raised an empty hand (left). The motion regions 
(marked rectangle) were detected and replaced with a 
similar motion. The MHIs of motion regions (shown on 
their side) were used by the Find command to locate 
another hand raising motion; in this case the hand is 
holding a ball (middle). The replacing results (right) are 
shown; the regions (marked rectangle) were replaced to 
adjust the size and duration of motion. This provides a form 

of "cut and paste" for video editing. This is an extremely 
common editing operation so we can expect a significant 
increase in efficiency. 

 
Figure 3:  Example of Replace results. 

VIDEO BROWSING AND FUTURE EXTENTIONS 
Video skimming is equivalent to summarizing a video. 
This is extensively used by news broadcasts of sports 
events, i.e., baseball’s pitch-by-pitch. It is realized by 
searching the pitching motions such as wind-up and throw, 
and connecting these sequences. Our approach avoids 
detecting the similar motions such as pick-off throw and 
taking time-out frequently occurred in image similarity-
based retrieval.  

Video surveying categorizes the scenes in a video. It 
allows us to calculate the normalized correlation between 
all MHIs and classify the frames with high correlation. It 
yields reliable visual lists of frames with similar motions 
(suggestive of their contents) such as pitching, bating or 
camera motion.  

Step-in movie allows one "actor" to be replaced by another 
more easily than is currently possible. It is realized by 
creating MHIs needed to identify the same motion by 
imitating the motion. It offers simple replacement 
according to the motion of interest without having to edit 
frame-by-frame. Some form of similarity-based image 
analysis is needed since it is unlikely that the replacement 
is perfect.  

Since motion is characteristic of video content, our idea 
makes it easier for users to edit video. Some combination 
of the similarity-based image analysis and our scheme will 
create enhanced video editing interfaces. We plan to 
conduct user studies, and establish other useful vision-
based functions for video editing.  
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