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Abstract - Nowadays, due to new demand of content 
based functionalities, many video object extraction 
techniques have been developed. However,  only a few 
standard performance evaluation of video object 
extraction available, therefore to evaluate those 
techniques and  comprehendingly compare our 
experimental results with others become difficult 
tasks. This paper proposes a standard performance 
evaluation tool for video object extraction. Proposed 
performance evaluation tool consist of sufficient 
number of frames of ground truth, with variety types 
of video sequences and simple error metric.  
  
Keywords: performance evaluation tool, error metric, 
ground truth, video object extraction, MPEG-4.  
  

1. INTRODUCTION  

Nowadays, the emerging video coding standard 
MPEG-4 enables various content-based functionalities 
for new types of content-based applications[1]. 
MPEG-4 provides standardized ways to encode video 
and audio objects, and the scene description, which 
indicates how the objects are organized in a scene 
[2,3]. One of the most important innovations that 
MPEG-4 brings is the capability of manipulating the 
individual objects in an image sequence. 

However, MPEG-4 requires a robust technique to 
decompose a scene of video sequence into objects. 
Therefore, many object-based extraction algorithms 
have been proposed in the literature recently [4-7]. 
These algorithms use different sets of techniques and 
result in different performance. Furthermore, their 
performance varies with different image sequences 
depending on the content of the sequence. Their 
comparative assessment is often based upon judgment 
of a few frames in known sequences.  

We have already developed a video object extraction 
technique based on LVQ[8]. As mentioned above, it is 
a very difficult task to comprehendingly compare our 
experimental results with others due to only a few 
standard performance evaluation of video object 
extraction available.  

This paper proposes a standard performance 
evaluation tool for video object extraction. Proposed 
performance evaluation tool consist of sufficient 
number of frames, with variety types of video 
sequences and a simple error metric. Compare to other 
performance evaluation [9], our method is more 

preferable, because it is simple, straight-forward, easy 
to understand and easy to be implemented. 
Experimental results demonstrate the proposed 
performance evaluation tool for our video object 
extraction technique. 

2. FUNDAMENTALS  

The basic idea which is common in most types of 
evaluations is a comparison between the algorithm 
generated output and some ideal version of 'Truth'  
(ground truth) [10]. 

We can view the performance of video object 
extraction as a set of metrics of interest on the output 
of video object extraction algorithms produces, with 
respect to the expected, ground-truth data. 

2.1. Ground Truth 

Proposed ground truth, based on MPEG4 Test video 
sequences, carefully and manually extracted by 
human, are: Foreman, Silent Voice, Horse Riding, 
Table Tennis and Flower Garden. We provide not just 
a few frames, but sufficient number of frames for each 
video sequence.  

 

   
Foreman video sequence at T=101,176 and 251 

   
Foreman ground truth 

Table 1. Ground Truth  

Video 
Sequences  

Number of 
subsequent 

frame  

Resolution 
(pixels)  

Foreman  150  352x288  

Silent Voice  301  176x144  

Horse Riding  197  352x240  

Table Tennis  248  352x240  

Flower Garden  41  352x288  
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Silent Voice video sequence at T=0,150 and 300 

   
Silent Voice ground truth 

   
Horse Riding video sequence at T=700,799 and 896 

   
Horse Riding ground truth 

   
Table Tennis video sequence at T=144,267 and 391 

   
Table Tennis ground truth 

   
Flower Garden video sequence at T=196,216 and 236 

   
Flower Garden ground truth 

Fig 1. Images and ground truth of proposed performance 
evaluation tool, based on MPEG video sequences Foreman, 

Silent Voice, Horse Riding, Table Tennis and Flower 
Garden. 

Our ground truth only define single object of interest, 
while other pixels in frame are considered as non-
object area or simply referred as background. 

Table 2. Object Definition  

Video 
Sequences  

Object Definition and Comments  

Foreman  Foreman with his blond hair, wears 
big white homogeneous helmet and 
blue shirt.  
Foreman talks, while rapidly 
swings around his head.  
Slight camera movements.  

Silent 
Voice  

Sign language speaker woman.  
She wears brown sweater which 
has similar color with some parts 
of background.  
Shot by still camera.  

Horse 
Riding  

A horse rider with the horse. 
Sequence starts with small object, 
horse rider in a distance, grows 
bigger by the time because horse 
rider moves toward camera. Later 
in most of the scenes, horse rider 
moves right at moderate speed, 
followed by camera. 

Table 
Tennis  

A table tennis player.  
White ball is not considered as an 
object, except when it is "inside" 
table tennis player object.  
He plays very fast, tries to hit fast 
moving ball and backs to his 
original position, places himself at 
nearly center of screen. Shot by 
still camera. 

Flower 
Garden 

A tree in the foreground. 
Fast moving rigid object caused by 
steady one way fast camera 
movement. Tree object has similar 
color with some parts of 
background 

 
2.2. Error  

We evaluate the video object extraction accuracy by 
comparing the extraction result of our algorithm, with 
that of our manual extraction (proposed ground truth). 
This error metrics definition should be compatible 
with the human vision evaluation. Low error should 
produce good results for viewed by human eyes. 

The extraction error for each frame is defined by the 
following formula:  
 

%100×=
frameainpixelstotalofsum

pixelsiedmisclassifofsum
Error  (1) 

 
2.2.1. Mean_Error and Last_Error  

Mean_Error is average of error in current temporal 
segment. 

frameofnumber

errorofsum
ErrorMean =_  (2) 

 
If we want to monitor Mean_Error, we have to 
provide ground-truth frame for each individual frame. 
For example: for Silent Voice video sequence, 301 
ground-truth frames must be provided. 

Last_Error is error at the next key frame. In our 
experiment,  Last_Error is measured at the end of 
current temporal segment. We would like to minimize 
Mean_Error, but in a real system, only Last_Error can 
be monitored. 
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For performance evaluation and running our program, 
we do the followings: For first frame of current 
temporal segment, we have to provide ground-truth 
key frame, because our method is semi automatic. At 
the end of temporal segment, we insert another one 
respective key frame to measure Last_Error. While 
running our program, we can monitor Mean_Error for 
use later in comparison with Last_Error. 

Our experiments indicate that Last_Error can be used 
as a good estimate for Mean_Error. Minimum 
Last_Error always produces low Mean_Error. 

3. RESULTS AND DISCUSSIONS  

In our experiments of video object extraction using 
LVQ, we evaluate the performance of our video 
object extraction system, using all of video sequences 
and ground truth of proposed standard: Foreman, 
Silent Voice, Horse Riding, Table Tennis and Flower 
Garden.  

Each pixel of a video frame is represented by a 5-D 
feature vector combining both spatial and color 
information. LVQ codebook vectors are used to 
classify the pixels of each frame into object or 
background class, to segment the object of interest. A 
variable weight K is introduced to adjust the balance 
between spatial and color information [8].  

We note that the appropriate value of K is different 
for each video sequence. Using minimum Last_Error, 
we can obtain best K, to produce best object 
extraction from our algorithm. We compare results of 
best K with results of unoptimized K (K=1).  

 

   
Foreman object extraction result with best K at T=101,176 

and 251 

   
Foreman object extraction result (K=1) 

   
Silent Voice object extraction result with best K at T=1, 150 

and 300 

   
Silent Voice object extraction result (K=1)  

   
Horse Riding object extraction result with best K at 

T=701,799 and 896 

   
Horse Riding object extraction result (K=1) 

   
Table Tennis object extraction result with best K at 

T=145,267 and 391 

  

 

Table Tennis object extraction result (K=1) 
 

   
Flower Garden object extraction result with best K at  

T=197,216 and 236 

   
Flower Garden object extraction result (K=1) 

 
Fig. 2.  Object extraction results for MPEG video 

sequences:  Foreman, Silent Voice, Horse Riding, Table 
Tennis and Flower Garden. 

 
Best K for Foreman, Silent Voice, Horse Riding video 
sequence produce good results, meanwhile best K for 
Table Tennis and Flower Garden video sequence 
produce poor results. 

Even with unoptimized K (K=1), our algorithm still 
provide partial view of an object, although some parts 
of object are missing, with exception of Table Tennis 
case. In Table Tennis video sequence, with 

Table 3. Results  
Video 
Sequences  

Best K in 
terms of 

Last_Error  

Mean 
Error 

(Best K)  

Mean 
Error 
(K=1)  

Foreman  2.0  1.68%  4.42%  

Silent 
Voice  

3.4  0.71%  2.20%  

Horse 
Riding  

3.3  0.86%  3.00%  

Table 
Tennis  

0.7  1.86%  4.36%  

Flower 
Garden  

3.8  1.67%  1.88%  
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unoptimized K, the object is totally lost at frame #311. 
With best K, both hands of table tennis player are 
missing at the end of temporal segment (frame #391). 

Both Table Tennis and Flower Garden video 
sequence have one common characteristic, namely 
fast moving object. Using proposed performance 
evaluation tool, we are able to identify one main 
weakness of our algorithm: fail to detect fast moving 
object. 

4. CONCLUSIONS AND FUTURE PLANS  

Proposed performance evaluation tool enables us to 
test our algorithm, to identify its suitable uses and its 
main weakness. In the future, we will enhance our 
video object extraction algorithm, using motion 
vectors. 

We will promote our performance evaluation tool 
(http://www.aoki.ecei.tohoku.ac.jp/~mochar) and 
invite other researchers in video object extraction 
field, to use it as common metric and comparison of 
results.  
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