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Abstract—Hand gesture recognition is an important area of research in the field of 
Human Computer Interaction (HCI). The geometric attributes of the hand play an 
important role in hand shape reconstruction and gesture recognition. That said, fingertips 
are one of the important attributes for the detection of hand gestures and can provide 
valuable information from hand images. Many methods are available in scientific literature 
for fingertips detection with an open hand but very poor results are available for fingertips 
detection when the hand is closed. This paper presents a new method for the detection of 
fingertips in a closed hand using the corner detection method and an advanced edge 
detection algorithm. It is important to note that the skin color segmentation methodology 
did not work for fingertips detection in a closed hand. Thus the proposed method applied 
Gabor filter techniques for the detection of edges and then applied the corner detection 
algorithm for the detection of fingertips through the edges. To check the accuracy of the 
method, this method was tested on a vast number of images taken with a webcam. The 
method resulted in a higher accuracy rate of detections from the images. The method 
was further implemented on video for testing its validity on real time image capturing. 
These closed hand fingertips detection would help in controlling an electro-mechanical 
robotic hand via hand gesture in a natural way. 
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1. INTRODUCTION 

One of the major developmental aims in the world today is the advancement of a more intui-
tive user interface system to replace the outdated pointing devices. Therefore, gesture recogni-
tion system actually provides an important alternative for modern user interface systems. This 
new user interface system is more intuitive and easier to use compared to mouse-based devices 
or touch pads. A primary implementation required in such an interface is the detection of hand 
gestures. This includes detecting various hand features, including the wrist, thumb, fingers, fin-
gertips, palm face, and their orientation. Fingertips detection is a major part of gesture detection 
process. Many gestures can be recognized by changing the position of the fingertips with respect 
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to the base of the hand. 
Enough proven scientific research is available on gesture recognition as researchers have done 

significant work in this area but used a wired sensor-based glove or colors to recognize hand 
gesture. On the other hand, this research is based on the principle of natural computing and re-
quires nothing extra on the hand. Extensive work was done in the area of fingertips detection 
from still images and live video feed. This paper aims at achieving proficient detection of the 
fingers and fingertips in a closed hand. This paper, firstly analyzed the various existing methods 
for fingertip detection. Secondly, edge detection algorithms were applied onto the images to 
extract the Region of Interest (ROI). Our proposed method also examined a number of edge 
detection methods like Canny filter, Laplace filter and Gabor filter followed by Canny edge de-
tection. The corner detection algorithm was applied to the resulting edge filtered images to sepa-
rate the edges at the meeting point of two fingers. The algorithmic approach for the proposed 
work is shown in Fig. 1. 

This research is part of our vision-based system that can be used to control a remotely located 
robotic hand, in which it would be able to perform the same operations as the human hand. 
Without wearing any mechanical electronic equipment, the user showed his hand where the 
palm faced the camera. The user was able to show either right or left hand to the system without 
restriction on the direction of the hand. Existing work about this project can be found in [1-2]. 

 
 

2. RELATED WORK 
A number of methods have already been proposed for fingertips detection in an open hand. 

Many researchers [3-12] have used fingertips detection in their research to find information 
about the hand according to their applications. Some of these techniques were also applied to the 

 
Fig. 1.  Block diagram of the approach 
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ddclosed hand but very few achieved a greater level of accuracy. The intensity assignment 
model [13] first detected the orientation of the wrist and then assigned intensity values for each 
pixel in increasing order from the wrist to the end of the finger by proportionality. The fingertip 
was then detected by pixels with maximum intensity value. The contour detection method [14], 
however, worked by detecting the peak and valleys in the contour of the hand. The method 
worked fine with an open hand but did not provide accurate results with a closed hand. The pat-
tern matching [15] technique used the Principal Component Analysis (PCA) method to extract 
the ROI from the image and compared to an already available database of various gestures, 
which helped to identify the appropriate gesture. This method offered limitations in terms of 
identifying the number of gestures. A survey on fingertips detection can be found in [16]. 

One of the methods that offered satisfactory results for hand gesture recognition was the Mor-
phological operation based method [7, 17]. In this method, the image was pre-processed which 
involved background subtraction and noise removal. The background subtraction and noise re-
moval was achieved using the morphological segmentation algorithm followed by shape de-
composition and center point detection. The posture was recognized by using the orientation of 
the center points. The morphological methods were important tools for fingertips detection in a 
closed hand since these were methods that were independent of the skin color segmentation 
based techniques. One of the reliable methods for fingertips detection was the neural network 
based technique [8]. This particular method first calculated a Gabor feature vector of the whole 
image by applying the Gabor filter. This feature vector was then passed onto a global LLM net-
work, which specialized in finding fingertips. This particular model claimed good results even 
for fingertips detection in a closed hand. An extensive study of these algorithms had given us 
insight into the various models implied for finger position detection. Out of all these models, the 
LLM neural network model claimed to detect fingers even when they were in front of the palm. 
However, the morphological operations based model, also claimed satisfying results. The pro-
posed methodology works by applying the corner detection technique. The edges of the ROI, or 
the hand and fingers, were obtained by the application of the Gabor filter to the image in differ-
ent orientation. 

 
 

3. APPROACH TO FINGERTIPS DETECTION 
The last developed system [2] was able to detect the fingertips in an open hand, but in a 

closed hand the last skin pixel detected in the finger's end direction, would become the fingertips. 
It will not detect the nails of the fingers as fingertips. The results can be seen in Fig. 2. To im-
prove the existing system, the fingernails in the closed hand should be detected. 

The presented method for fingertips detection was divided into three sections as shown in Fig. 
1. The first section performed the pre-processing of the image obtained from the web camera to 
separate the ROI. The second section involved the application of various edge detection algo-
rithms to the pre-processed image to separate the edges of the hand and the fingers. The final 
section discusses the application of the corner detection algorithms to the various edge filtered 
images to obtain the corners in these images. Finally, the interested corner points of fingertips 
were extracted and uninterested corner points were rejected using proper conditions. 
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3.1 Pre-Processing 
Pre-processing was the first step in the process of the fingertips detection. It involved a num-

ber of steps to segment the region of the hand from the image. First, the area of interest was 
separated from the background using color differences from the background environment and 
background subtraction. In this case, the background environment was taken as a white wall for 
the initial results. The conditions for filtering the hand from background were as follows: 

 
 Pixel’s Red color should be 10% greater than its green color. 
 Pixel’s Red color should be 5% greater than its blue color. 
 Pixel should not have a green color and a blue color over a 60% of the maximum. 

 
The results of the thresholding applied to some of the test cases are shown in Fig. 3. 

 
Fig. 2.  Fingertips and COP detections in several hand postures [2] 

 

   
Fig. 3.  Results of hand segmentation 
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3.2 Edge Detection 
There are a number of methods available for the detection of edges in an image. Three differ-

ent filters were tried on the input images to detect the edges. These three methods were the 
Canny filter, Laplace filter and Gabor filter. The Canny edge detection filter took the derivative 
of an image to find the gradients and determined the direction of these gradients (vertical, hori-
zontal, diagonal up, diagonal down). Then if the amplitude of a given gradient was high enough 
(the high threshold), the algorithm would trace along that gradient in its direction until the am-
plitude fell below the low threshold or the gradient changed direction sharply. The filter would 
also suppress local non-maximums around the edges. A particular set of parameters were chosen 
and implemented for the available test cases. 

The Laplace edge detection filter was also tested on the images. The edges were clear around 
the hand but the filter was not able to extract the edges near the fingertips, which were the key 
points of interest in our corner detection algorithm. The third filter type tried on the input images 
was the Gabor filter. A 2D Gabor filter is represented as follows: 

 

 

 
Where f(x) = Sin(x) or Cos(x) and x is the angle. This particular function is implemented by 
calculating g(x, y) and then applying it onto the image. The filter was applied at a different ori-
entation to the test images. Finally, a set of parameters were fixed for the test images. One of the 
advantages to using the Gabor filter was that it gave enhanced edges in the direction of the angle 
in which the Gabor filter was applied. The application of a superposition of such Gabor filters 
for different orientation resulted in very good detections. 

 
3.3 Corner Detection and Fingertip Localization 
Corner detection involved the detection of corners with big Eigen values. The program first 

calculated the minimal Eigen value for every source image pixel and stored them in another 
image. It then performed non-maxima suppression where only local maxima in 3x3 neighbor-
hoods remained. The next step was to reject the corners with the minimal Eigen value less than 
quality level, with a user-specified quality value. Finally, the function ensured that all the cor-
ners found were distanced enough from one another. This was done by considering the corners 
and checking that the distance between the newly considered feature and the features considered 
earlier was larger than minDistance (user-defined). The function therefore removed the features 
that were too close to the stronger features.  

The accuracy of the corner detection algorithm was tested by applying it to various images 
such as the RGB image, Canny edge filtered image, Laplace edge filtered image and Gabor fil-
tered image. The corner detection algorithm was initially tried on RGB images directly obtained 
from the camera. The corners obtained after running the corner detection algorithm also in-
cluded corners in the background. The corners in the background were removed by including 
only those corners which were obtained from the threshold image in the ROI that was on the 
palm. The results are shown in Fig. 4. 

Applying the corner detection algorithm directly onto RGB images yielded a large number of 
points which were not relevant. This problem was overcome by applying the corner detection 
algorithm to the hand’s edges detected in the images. The edges of the hand were detected by 
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applying the Canny edge detecting algorithm to the ROI in the gray scale image. The irrelevant 
points which appeared in the corner detection results of the RGB images were removed by the 
use of the Canny filter. The corner detection algorithm was also tested on the Laplace edge fil-
tered images. In case of RGB images which produce more noise in preprocessing, a large num-
ber of points were detected. These points were rejected by obtaining the edges of the ROI by 
applying the Laplace filter. However, the edges obtained by the application of the Laplace filter 
were not strong enough, and thus the corner detection algorithms yielded less points of interest 
in the image. Fig. 5 shows these results. 

The application of the corner detection algorithm to the edges of the hand helped us to remove 
the extra points, which we obtained after direct application to the RGB image. However, we 
applied the Gabor filter for better edge detection. We then applied the corner detection directly 
to the Gabor filtered image. Because the results were not satisfactory, we again applied Canny to 

 
Fig. 4.  Results of fingertips detection in the closed hand position from RGB images 

 
Fig. 5.  Results of fingertips detection using Canny-Gabor filter 
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the Gabor filtered image and then implemented the corner edge detection onto the resultant edge 
image. The results were quite satisfactory for an orientation of Gabor filter. Thus the quality of 
the results varied a lot depending on the angle of the Gabor filter, as Fig. 5 shows for 105 de-
grees. 

 
 

4. RESULTS 
The proposed method was implemented using OpenCV® libraries as the tools for processing 

the images due to their specific application to real-time image processing and flexible inclusion 
into a Linux C-environment running on an Intel® i5 Processor. In addition to this test, the cases 
used in this method were set for particular environmental parameters such as light intensity and 
orientation, which were decided by examining the various sample test cases. The experimental 
setup is shown in Fig. 6. 

By using either their right or left hand, the users gave input with their hand in random direc-
tions. The system was tested in different conditions for a long time to check its robustness with 
different users. The system was free from the user’s hand geometry and would work the same 
for everyone. Only Nguyen [7] work is available on closed finger detection in scientific litera-
ture and the accuracy was 10-20%, while our results showed 50-60% accuracy. Nonetheless, we 
have been working to improve our system to make it more accurate. 

 

 
 
 

5. CONCLUSION 
After studying literature on fingertips detection, we saw that the detection of fingertips in an 

open hand has already been implemented using various methods. However, detecting fingertips 
in a closed fist remains a challenge, and the results obtained by these methods are not satisfac-
tory.  

The paper presents the use of corner detection algorithm to detect fingertips. One essential 
part of this method includes the reduction of noise during edge detection in an image. To 
achieve this goal, different filters were applied, such as the Canny filter, Laplace filter and Ga-

 
Fig. 6.  Experimental setup view 
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bor filter. Out of these filters, the Gabor filter resulted in satisfactory results. We will try to im-
prove the current method in our future work. In addition to this, we are working to explore mor-
phological operations for fingertips detection, as morphological operations are less prone to 
noise produced in preprocessing. 
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