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Abstract 
A finger finding procedure has been presented to 
recognize the finger number of the hand gesture. The 
hand gesture is extracted from the stationary 
background and transformed into a binary image.  The 
hue attribute, that is, the I value in the YIQ color space 
is used to extract the hand gesture shape. This attribute 
is not so sensitive to the light change and the other 
noises while catching the image frames. The binary 
image of the hand gesture shape is processed with 
erosion several times to eliminate the noises and then 
processed with dilation several times to recover the 
original shape. After the removal of the image noises, 
a boundary detection algorithm is used to trace the 
border of the hand shape from the binary image. The 
border of the hand shape can be used to calculate the 
vector product along the boundary. From the vector 
product along the boundary, the finger number of the 
hand gesture can be obtained. 
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1. Introduction 
Hand motion analysis has many applications in human 
machine interface. The hand gesture identification 
algorithms can be classified into the gloves-based and 
vision-based methods, and the vision-based methods 
consists of contour-based and model-based methods 
[1]. The vision-based methods provide a natural 
interaction, but such methods have occlusion, noise, 
and spurious data. The contour-based methods extract 
the silhouette or contour feature from the hand gesture 
to provide the needed information. A feature 
extraction algorithm has been used to extract the hand 
shape from complex background, which combines the 
motion, skin color, and edge detections [2]. A similar 
algorithm will be used to trace the border of the hand 
shape from the stationary background.  

The hand gesture is usually extracted from the 
stationary background and transformed into a binary 
image. The RGB color space is usually used in this 

kind of problems. The skin color information is 
obtained first, and then used to exact the hand gesture 
from the background. In this paper, the YIQ color 
space is used instead of the RGB color space. In the 
development of the color television system in the 
United States, NTSC formulated a color coordinate 
system for transmission composed of three values, Y, I, 
Q [3]. The Y value, called luma, is proportional to the 
gamma-corrected luminance of a color. The other two 
components, I and Q, is called chroma and jointly 
describe the hue and saturation attributes of an image 
[4]. According to the preliminary test, the I value, that 
is, the hue attribute of an image can have a best result 
while extracting the hand gesture form the complex 
background. This attribute is not so sensitive to the 
light change and the other noises while catching the 
image frames. 

Although the hue attribute of the image can be 
used to reduce the noises, the morphological operation 
is still needed to filter the noises. The binary image of 
the hand gesture shape is processed with erosion 
several times to eliminate the noises and then 
processed with dilation several times to recover the 
original shape. There are many morphological 
algorithm can be used [4]. A similar algorithm is used 
to eliminate the noises quickly in this paper. 

There are many boundary detection algorithms 
can be used to describe the hand shape [5]. A similar 
algorithm will be used to trace the border of the hand 
shape from the binary image. The border of hand 
shape can be used to calculate the vector product along 
the boundary. From the vector product along the 
boundary, the finger number of the hand gesture can 
be obtained. In the following, the whole finger finding 
procedure is reported. 

 

2. Hand Shape Extraction 
The hand gesture is extracted from the stationary 
background and transformed into a binary image. The 
YIQ color space is used instead of the RGB color 
space.  The I value, that is, the hue attribute of an 
image in the YIQ color space, can have a best result 
when extract the hand gesture from the complex 



background. The binary images of the hand gesture 
shape obtained from different color space are shown in 
Figure 1. According to the observation, the I value is 
not so sensitive to the light change and the other 
noises while catching the image frames. The 
difference of this attribute between the stationary 
background and the hand gesture is used to construct 
the binary image of the hand gesture shape in this 
paper. 
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Fig. 1: The different binary images. 
 

3. Morphological Image Processing 
After obtaining the binary image of the hand gesture 
shape, a morphological operation will be used to filter 
the noises. The binary image of the hand gesture shape 
is processed with erosion several times to eliminate 
the noises and then processed with dilation several 
times to recover the original shape. A 2*2 pixel 
pattern is used and the algorithm is shown in Figure 2. 
All black pixels will be erased if there exists a white 
pixel during erosion operation, and all black pixels 
will be recovered if there exists a black pixel during 
dilation operation. The result after 2 times erosion and 
2 times dilation is shown in Figure 3. Most of the 
noises have been removed in the binary image.  
 
 
 
 
 
 
 
 
 

 

 
Fig. 2: Morphological operation. 

 
 

 
 

Fig. 3: After erosion and dilation. 
 

4. Boundary Detection 
The algorithm used for the boundary detection of the 
binary image is shown in Figure 4. Only one hand 
shape appeared in the binary image is assumed, and 
the hand gesture is from the bottom side of the image 
is also assumed, so that the detection can be started to 
find the boundary from the right side of the image 
bottom. The first boundary pixel is chosen about 
several pixels from the image bottom to avoid the 
noises in the image boundary, and then move 
counterclockwise along the border to trace the whole 
boundary.  

In order to find the next boundary pixel, eight-
connected pixels are considered. The right connected-
pixel is detected first and then detects the next pixel 
counterclockwise. The first pixel appeared after white 
pixel is the boundary pixel. This procedure is done 
recursively until the whole boundary of the hand shape 
is found. However, if the shape is connected for only 
one pixel, this procedure may find a previously 
detected pixel. In this case, the next qualified pixel 
will be selected. Otherwise, the infinite detection loops 
will happen. 
 
 
 
 
 



 
 

 
 
Fig. 4: Boundary detection algorithm. 
 

5. Vector Product 
The border of the hand shape can be used to calculate 
the vector product along the boundary. The vector 
product is calculated counterclockwise as shown in 
Figure 5. From the vector product along the boundary, 
some convex points can be found. They are the 
candidates of the fingers.  From the convex points, the 
inner product can be calculated as shown in Figure 6. 
If the inner product is below some limit, the convex 
point can be concluded as the tip of the finger, and the 
finger number can be calculated.   
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 5: Vector product. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6: Verification of finger. 
 

6. Experiments 
The results using the finger finding procedure are 
shown in Figure 7. The finger number of the hand 
gesture can be obtained from the vector product along 
the border of the hand shape. Some parameters will be 
used to justify the finger number. These parameters 
are the vector product interval along the boundary, the 
positive vector product limit, the negative vector 
product limit, the inner product interval, and the 
negative inner product limit.  

The vector product interval along the boundary is 
used to obtain the vector product diagrams in Figure 7. 
It is 20 in this case. That is, the vector is obtained for 
every 20 boundary-pixels along the boundary. The 
positive vector product limit and the negative vector 
product limit are used to obtain the maximum value of 
the vector product for every peak.  They are 0.7 and –
0.2 in this case. That is, only the tips of the peaks 
higher than 0.7 are considered and each peak ends at 
the value of  -0.2. The tips are the maximum value for 
every peak. The considered tips of the peaks are the 
candidates of the tips of the fingers.  The inner product 
interval is used to obtain the two inner product vectors 
in the considered tip. It is 60 in this case. That is, the 
vectors are obtained in the considered tip for every 60 
boundary-pixels. If the value of the inner product in 
the considered tip is below the negative inner product 
limit, the considered tip is classified as the tip of the 
finger. Otherwise, it is only the convex point in this 
hand shape. The smaller circles in Figure 7 are the 
values of the inner product in the considered tips and 
the bigger circles in Figure 7 are the qualified tips for 
every peak. That is, the qualified tips are classified as 
the tips of the fingers and the finger number can be 
obtained. 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 7: The vector product along the boundary. 

 

7. Conclusions 
A finger finding procedure has been presented to 
recognize the finger number of the hand gesture. The 
hand gesture is extracted from the stationary 
background and the border of the hand shape is found 
using the presented algorithm. The results using the 
RGB color space and the YIQ color space are 
compared. The hue attribute in the YIQ color space 
has the best result. The binary image is processed with 
erosion 2 times to eliminate the noises and then 
processed with dilation 2 times to recover the original 
shape in the experiments. After the removal of the 
image noises, a boundary detection algorithm is used 
to trace the border of the hand shape. The border of the 
hand shape can be used to calculate the vector product 
along the boundary and the inner product in the 
convex points. These values are use to verify the 
finger tips in the hand shape. Some testing results are 
presented and the whole procedure provides a very 
good method in calculating the number of the fingers 
in the hand shape.  
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