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Abstract — Skin color is one of the essential attributes of human body surface. For gesture with complicated background, skin 
color features of human hands are more obvious and intuitive than other features. In addition, color information is not influenced 
by object zooming, rotating, translation and other deformations, so it has good invariance. At present, skin color detection plays a 
significant role in gesture recognition, but it’s easy for skin color detection to mix other body parts and other objects with similar 
color and skin color in gesture detection. Based on skin color detection and combining improved Visual Background Extractor 
VIBE moving object detection algorithm, segmented gestures were put under morphological processing in this paper to obtain 
relatively complete gesture image. 
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I. INTRODUCTION  

 
Gesture segmentation refers to a key link which segments 

gesture image from complicated background image to make 
segmented image only include gesture part in gesture 
recognition technology. Significance of gesture segmentation 
is to act out high contrast between researched target region—
hand-shape and other regions.  

As skin on hand surface is smooth, affected by light, it 
will generate high lightness and shadow, in the meantime, 
complicated background will exert negative effect on 
segmentation, and it’s difficult to find highly efficient and 
accurate segmentation method nowadays. Commonly used 
methods are skin color modeling method, conditional 
restriction method, gesture library method and background 
differencing method, etc. Compared with other methods, 
skin color modeling method is of rapid detection and high 
freedom degree without any need of other auxiliary 
equipments.  

Basis of skin color modeling is generally divided into 
two types: based on statistical method and based on physical 
model method [1-3]. The former conducts modeling after 
analyzing statistical features of skin color and it includes the 
following steps: select applicable color space and then 
conduct modeling after analyzing skin color characteristics 
in this color system. The latter detects skin color according 
to reflective characteristics on skin surface and spectral 
features of skin color itself, and research on skin color 
reflection model is quite complicated and it needs costly 
spectral characteristic detection equipment. Therefore, based 
on statistical method, improvement, which was beneficial for 
gesture recognition, of VIBE moving object detection 
algorithm was conducted and combined with skin color 
model detection, namely AND operation was conducted 
between detected moving region and skin color region, and 
then experimental data indicated that this method could 
realize relatively good gesture segmentation effect. 

II. MOVING OBJECT DETECTION ALGORITHM 

 
Wherever Times is specified, Times Roman or Times 

New Roman may be used. If neither is available on your 
word processor, please use the font closest in appearance to 
Times. Avoid using bit-mapped fonts if possible. True-Type 
1 or Open Type fonts are preferred. Please embed symbol 
fonts, as well, for math, etc. Moving object detection is one 
of research hotspots of computer vision at present, and 
commonly used moving object detection algorithms are 
optical flow algorithm, background differencing algorithm 
and time differencing algorithm[4-6]. Optical flow algorithm 
is based on optical flow characteristic of research object, this 
characteristic varies with time, and advantage of this 
algorithm lies in that good detection result can be guaranteed 
even when background changes; background differencing 
algorithm takes initial image as background image when 
moving object detection is initialized and then uses 
difference between the present frame image and background 
frame image to reach the goal of detecting moving object; 
time differencing algorithm, also called inter-frame 
difference method, generates difference between the present 
frame image and image in the last frame to obtain moving 
area in the image. Background difference and time difference 
are very sensitive to change of image background, and will 
generate great detection errors when background changes.  

In consideration that the research faced application 
scenarios of gesture recognition, to avoid errors generated by 
background movement, VIBE moving object detection 
algorithm was used and then improved according to 
application of gesture recognition. 

 
A. VIBE Moving Object Detection Algorithm  

 
VIBE, namely visual background extractor firstly 

proposed in Literature [7], is a kind of background modeling 
method based on random sample clustering, and it is of high 
real-time performance and strong robustness, so it has 
rapidly been put into practical applications.  
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Essence of VIBE algorithm is to classify all pixel points 
in the present frame namely background points or non-
background points. It maintains a sample set for each pixel 
point, then compares each new pixel point with sample set of 
this point during classification, and then judges whether this 
pixel point is a background point, and judgment basis is 
whether pixel value of this point is approximate to sampling 
value in the sample set.  

Key of algorithm: 
(1) V(x) was recorded as pixel value of point x, 

 N21 V,...,V,VM(x) 
, N was size of sample set, 

)(uS (x)R  was circular region with center being x and radius 
being R in European color space, if number of points in 

)(uSM(x) (x)R
 was greater than given threshold value 

MIN, then x was classified as background point as shown in 
Figure 1. 

 
Figure 1.  Schematic Diagram of Judgment Basis for Whether A Pixel 

Point Is Background Point 

(2)Initialized, 
 NG(x)y|yM0(x) 

, namely using 
neighboring point of x to initialize sample set of point x, the 
original algorithm took the point randomly selected in eight 
neighborhood of x as initialized sample set of x.  

(3)Model updating. Model updating made timely 
adjustment of background model according to background 
variation, and this process played a key role in detecting 
moving object even when background changed.  

Model updating strategies were divided into two types: 
conservative updating strategy and Blind updating strategy.  

Conservative updating strategy: background model could 
only include background points but not foreground points, 
this strategy would result in updating “hunger”, for example, 
when the system had detection error in one static region, all 
points in the region would be classified into foreground 
points, then points in this region would never be used to 
update background model in the present system; Blind 

strategy: both foreground points and background points 
could be used by background model to update sample set, 
and the problem of this strategy was that it’s difficult to 
detect the object moving at low speed.  

Concrete updating method: random sub-sampling. It’s 
not necessary to update sample set when each frame image 
was acquired, for one pixel point classified into background 
point, it might update its own background model or update 
model sample set of points within its one neighborhood. The 
value replaced in sample set was randomly selected. Random 
sampling method used by VIBE ensured that survival 
probability of each sample point in sample set presented 
exponential decrease and prevent one single pixel from 
staying in background sample set for a long time, which 
would influence model accuracy.  

According to process of VIBE algorithm, data structure, 
calculation model, updating strategy and classification of 
background points used in the algorithm were very simple 
while not involving calculation of high complexity, so it 
could meet real-time requirements.  

 
B. Improved VIBE algorithm 

 
VIBE is a moving object detection algorithm with high 

universality, good performance and stability. Even an 
excellent algorithm will certainly expose its deficiencies in 
various different scenarios. For example, during sample 
acquisition, eight neighborhood will give rise to error 
diffusion, Blind updating strategy will result in that object 
moving at low speed can’t be detected, etc. This project team 
improved problems of VIBE algorithm existing in gesture 
recognition from two aspects.  

(1)Expanded sampling and sample updating range  
When initializing sample set of background model, VIBE 

algorithm randomly selected 20 samples as sample set, 
averagely each point was selected as sample for 2.5 times 
(when x was boundary point, this figure was greater), and 
excessively concentrated sampling method would result in 
error of classification of pixel points. To reduce this error, 
sampling range should be expanded so as to reduce 
probability of repeated sampling.  

We adopted 24 neighborhood of the present point as 
sample acquisition region of the present point, 20 points 
were randomly selected as model samples, which greatly 
reduced probability of repeated sampling. In order to 
maintain the probability of sample set updating of image 
boundary and corners by its neighborhood, neighborhood 
range of pixel points at boundary and corners was not 
expanded. 8 neighborhood used for sample acquisition in 
original VIBE algorithm was as shown in Figure 2. 24 
neighborhood for sample acquisition used in this paper was 
as shown in Figure 3.  

Although there were still repeated points in sample 
valuation at boundary and corners after improvement, large 
errors would be generated if their valuation range was 
expanded, as if distance from sample point and present pixel 
point was large, it’s difficult for sample point to embody 
variation trend of present point, thus losing sample set 
accuracy.  
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Figure 2.  8 Neighborhood of Sample Valuation in Original VIBE 

Algorithm 
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Figure 3.   24 Neighborhood of Sample Valuation After Improvement 

 (2)Improved updating strategy  
Both the two model updating strategies—conservative 

strategy and Blind updating strategy proposed in original 
VIBE algorithm would result in inaccuracy of target 
detection. Conservative strategy required that pixels judged 
as foreground points could not be background points, then 
after detection picture lasted for a period, all points would be 
judged as foreground points, and this was obviously 
unreasonable. Blind updating strategy would result in that 
the object moving at low speed would not be detected.  

Updating strategy combining conservative strategy and 
step calculation mode was used in this paper to modify 
model sample set, specifically as: one step calculating digit 
for was added to each pixel, when this point was classified 
into foreground point, 1 step calculating digit was then 
added, and when step calculating digit reached a certain 
value, this point was set as background point, and step 

calculating digit went through zero cleaning. When it was 
background point, step calculating digit became invalid. 
When step calculating digit of present point reached upper 
limit and it was set as background point, it had probability of 
updating its own sample set just as other background points 
did, so did it have the probability of updating sample set in 
its neighborhood. From the angle of pixel point 
classification, when one pixel point was detected as 
foreground point for consecutive several frames, then the 
object that this pixel belonged to moved very slowly, and it 
could be regarded as background; or an error happened in 
classification, and it was modified after several frames. 

 
III.  GESTURE IMAGE SEGMENTATION OF SKIN COLOR MODEL 

COMBINING MOVING OBJECT DETECTION 
 
As stated above, independent skin color detection or 

independent moving object detection could not accurately 
localize gesture region, skin color detection would detect 
skin color region beyond hands and region with hue and skin 
color being the same as foreground, while moving object 
detection would detect other moving regions as foreground. 
As gesture recognition was based on the assumption that skin 
color moving region centered on gesture, namely research 
object in image was mainly hand. To solve above problems, 
gesture segmentation method combining VIBE moving 
object detection algorithm and skin color model was used.  

 
A. Basic Process of Gesture Segmentation 

 
Simple AND operation between foreground image of 

moving object detection and foreground image of skin color 
detection was conducted, obtained coarsely segmented image 
could not accurately express gesture region with some noise 
interferences like fallen leaves, etc, in addition, other body 
parts like face would unavoidably shake during acquisition 
process, noise would result in error of gesture segmentation, 
morphological processing could be used, binary corrosion, 
binary expansion and so on could be used to eliminate minor 
noise. Noise in other skin color regions except face could be 
eliminated with labeling method or growth method. 
Segmentation process of gesture image with skin color 
model combining moving object detection was as shown in 
Figure 4.  

According to the stated process, foreground image of 
moving object detection and foreground image detected by 
skin color model under optimal detection parameters were 
conducted with AND operation, and obtained gesture images 
was as shown in Figures 5-8. 
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Figure 4.  Gesture Segmentation Flow Chart 

 

Figure 5.   Skin Color Detection in Coarse Segmentation of Gesture Image 

 

Figure 6.  Moving Object Detection in Coarse Segmentation of Gesture 
Image 

 

Figure 7.  Coarse Segmentation Effect Picture 1 of Gesture Image 

 

Figure 8.  Coarse Segmentation Effect Picture 2 of Gesture Image 

It could be seen from the experiment that simple AND 
operation between image of skin color detection and image 
of moving object detection could obtain a rough gesture 
region, but there were still many noises, and gesture image 
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itself was not clear enough, which was not good for feature 
extraction at later stage. 

B. Morphological processing 

Mathematical morphology is a commonly used basic 
theory of digital image processing. Operations in 
morphology include: binary corrosion and expansion 
operation, binary open and close operation, etc.  

In simple sense, effect of image expanding is to add 
foreground points for a circle in original binary image, and 
that of image corroding is to shrink foreground points for a 
circle in original binary image.  

2 iterations of expanding operation of coarsely 
segmented image of gesture were firstly conducted in this 
paper, vacant region of gesture was complemented, then 6 
iterations of corroding operation were implemented to 
remove minor noise, then 6 iterations of expanding operation 
was conducted to restore rough shape of gesture, and 
experimental results were as shown in Figure 9 and Figure 
10. 

 

Figure 9.  Effect Picture 1 after Morphological Processing 

 

Figure 10.   Effect Picture 2 after Morphological Processing 

C. Removal of other foreground regions 

Morphological processing could remove minor noise in 
segmented gesture image, but it could not reach good effect 

for large foreground region in the image, for example, face 
waggling range during gesture detection process was large or 
when moving hands of others or other skin color regions 
appeared in the background, a large foreground region would 
appear in segmented image, If face waggling range was large 
in gesture segmentation, image after segmentation and 
processing was as shown in Figure 11.  

 

Figure 11.  Effect Picture of Gesture Segmentation When Face Waggling 
Range Was Large  

It could be seen from experimental results that 
morphological processing had good removal effect on minor 
noise region, but it could not remove foreground region with 
large area.  

It could be seen from experimental results that hand is 
the largest connected region in the image, thus it’s assumed 
that gesture was the largest connected region in foreground 
image in gesture recognition, connected region labeling 
method of binary image was used to label connected region 
in the image, number of pixel points in each connected 
region was counted, and connected region with the largest 
area was namely gesture image.  

Traditional labeling method is to scan binary image 
needing processing twice, it scans each pixel point in the 
target image, judge whether pixels are neighboring, points in 
one connected region are labeled with the same number, and 
then labeling of connected region of the target image was 
completed. However, for growth labeling method of 
connected region based on growth thought can label one 
connected region through one growth process of one pixel 
point in the connected region and can complete labeling of 
connected region and statistics of number of pixels in each 
connected region by scanning pixels in the target image 
once. 

D.  Comparison of segmentation effect 

Under the same experimental conditions, this algorithm 
was compared with inter-frame difference method in gesture 
detection result. The experiment indicated that inter-frame 
difference moving object detection algorithm could only 
capture profile of gesture and profile curves were of 
misclosure, it could not localize rough region of gesture 
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under many circumstances, and this would result in 
incomplete gesture segmentation and even segmentation 
failure; but VIBE algorithm could capture relatively 
complete moving object region.  

Time complexity. What inter-frame difference method 
captured was only gesture profile, while it took time for 
profile to be transformed into gesture region, it’s set that 
each frame image included N pixels, inter-frame difference 
method needed to visit 2N pixel points in each operation, 
while VIBE moving object detection algorithm needed to 
visit N pixel points, so it consumed less time.  

Space complexity. Inter-frame difference algorithm 
needed 2N unit of memory space, while VIBE algorithm 
needed to establish a sample set with capacity being 22 for 
each pixel, needed memory space was 23N, and it occupied 
large space.  

To sum up, permitted by hardware environment, gesture 
segmentation method of VIBE combined with skin color 
model had more advantages over inter-frame difference 
gesture segmentation algorithm in time and segmentation 
effect. This method could relatively completely extract 
gesture image, thus laying a foundation for feature extraction 
and recognition of gesture.  

 
IV. CONCLUSION 

 
Improved VIBE algorithm was used to detect moving 

object, combination of skin color and moving object 
segmented moving skin color region, then morphological 
processing was used to eliminate minor noise, region 
growing method was used to remove small connected 
regions, finally de-arming operation of the gesture image 
after segmentation was implemented, then pure gesture 

image was obtained, and the experiment verified that this 
method could completely extract gesture image, thus laying a 
foundation for feature extraction and recognition of gesture.  
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