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Abstract:
Objective: The matching of two images having different angle and resolution is a fundamental problem in computer
vision. Hand gestures used for sign language may have different angle of rotation. Indian Sign Language gestures were
used in this paper as they are not standard and may differ from region to region.

Methods: This paper addresses the use of SIFT algorithm for the matching of two ISL images using various distance
ratio and angle of rotation. The scale invariant feature transform has been used because it extracts the features which
are invariant to translation, rotation and scaling. The experimental result shows that the number of matching point
increases by incrementing distance ratio for any particular value of angle of rotation.

Findings: It has been observed from literature review that no standard database is available for Indian sign Language
(ISL) and ISL is varying from region to region. We prepared standard database for ISL and performs reliable matching
between two ISL by varying validity ratio and angle of rotation. The accuracies of key point matching is increasing by
varying validity ratio.

Novelty: As SIFT algorithm has been developed by LOWE and used for image matching. The experiments performed by
LOWE and other researchers based on image matching using different scales with fixed validity ratio. This paper
describes the image matching by varying validity ratio and rotation angle by 450 and 900.The accuracies has been
improved for both the cases.
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Introduction:
The problem of performing the reliable matching between two images has been an emerging topic of research
in computer vision and biometrics. In recent years, there have been numerous research contributions in the
field of Indian Sign Language (ISL) which helps in identification of persons based on their traits or
characteristics [1],[5],[7]. Arulkarthick et al. (2012) presented a real-time system for hand gestures
recognition. Initially hands postures were detected; hand gestures are then recognized based on features of
hand postures that are extracted using the Haar transform. K-means clustering algorithm was also used to
reduce the computational complexity. The suggested method is limited for small database only [6]. Alon et al.
(2009) introduced a framework that performed spatial segmentation, temporal segmentation, and recognition.
The system recognized a gesture even when the hand location is highly ambiguous and gesture’s begining and
ending information are unavailable. The performance of the approach was evaluated on two challenging
applications: recognition of hand-signed digits gestured by users wearing short-sleeved shirts, and retrieval of
occurrences of signs of interest from a video database containing continuous, unsegmented signing of
American Sign Language (ASL). This system is limited to five signs of ASL. The algorithm has to undergo
through three major components that is feature extraction, spatio- temperol matching and intermodal
competition that requires large processing time[7]. Nguyen et al. (2012) utilized the facial expressions where
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features are tracked from the signers face using probabilistic principal component analysis (PPCA). A test was
conducted to recognize six isolated facial expressions representing grammatical markers in American Sign
Language (ASL). The recognition accuracy reported for ASL facial expressions was 91.76% in person
dependent tests and 87.71% in person independent tests. The proposed system is not fully automatic and
subject to tilt/rotate their head while thrusting the head forward, contributing to the lower accuracy for these
two classes [8]. Paulraj et al. (2011) proposed a sign language recognition system that helps the hearing
impaired to communicate more fluently with the normal people. Sign language recognition system employs
skin color segmentation and neural network method for training. A segmentation process is carried out to
separate the right and left hand regions from the image frame and a simple vertical interleaving method has
been used in the preprocessing stage to reduce the size of the image. The system requires about 3218 average
mean epochs to train the network model that exceeds the training time. Moreover there was confusion in first,
fourth, eighth and ninth sign that greatly reduced the accuracy [9].

This area is not very easy because no standard databases are available for the Indian Sign Language (ISL).
The significance of the problem can be easily illustrated by using natural gestures applied together with verbal
and nonverbal communication. The use of hand gestures in support of verbal communication is very useful for
the people having no visual contact.

The basic principle applied on gesture recognition is direct correlation of the images  consuming ample
amount of time, as the size of images are too large and the number of comparisons are many. To overcome the
problem of time consumption, a new approach of Feature extraction followed by pattern recognition is used.
In this paper scale invariant feature transform is used to extract the features from the image.

To perform the reliable matching between two images, scale invariant feature transform has widely been used
[2]-[4], the SIFT features give the highest matching accuracy for an affine transformation of various degrees.
SIFT descriptors perform better than other local descriptors for various scale change and image rotation. In
this paper, we emphasis is on image rotation by various angles at various distance ratios and shows the
reliable matching of two different images based on this rotation.

2 ISL Gestures
Indian Sign Language (ISL) using hand gesture shown in figure 1. The static image shown in figure 1 is the
hand gesture images of Indian sign language from gesture A to Z. No standard data base is available for
Indian sign language, this force us to prepare the data base based on the image shown in figure 1. Based on
this image the hand gesture databases from 10 different persons were collected. The database consist of total
260 images out of which 78 images were used for testing purpose and remaining 182 images were used for
training. The database consists of 26 images for each class. Figure 2 shows the database of one of the class.
Each image was taken using the digital cameras having a resolution of 284 x 215 pixels.

Figure 1. Indian sign language Figure 2.  26 ISL gesture from class 1.

3. Methodology
To perform the reliable matching between two images having two sets of point in space, point pattern
matching algorithm is always used. The extracted features by point pattern matching algorithm are pixel
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subset of the original image which provides a novel approach to achieve a matching of highest quality in an
efficient manner[2]-[4]. The flow chart of proposed algorithm is shown in figure 3 and follows the following
steps.

 Consider two images for matching with different angles.
 Manually Initialize the distRatio = 0.65, 0.75 and 0.85
 Run the SIFT match algorithm
 Extract SIFT key points of two images for various values of distance ratio.
 Shows match point for two images.

Figure 3. Flow chart for point pattern matching algorithm

The discussion of the data flows in each phase of SIFT algorithm is as follows. The input to a SIFT algorithm
is a set of N2 pixels of an NxN image. Only a small fraction of these pixels typically turn out to be extrema.
Let 0 < α < 1, be this fraction. So αN2 extrema will move on to the next key point detection phase. Only the
small fraction of these extrema will qualify as a key point. Let 0 < β <1, be this fraction. So nominally there is
αβN2 key point at this stage. Orientation assignment will re-examine all the N2 points in the image to check if
any point of significant magnitude have been missed. If so they are added to the set of key point. Let the
fraction γ of the image pixel qualify to be these added key point. The compute descriptor phase converts these
points into vector which are then turned into features. The number of feature descriptor output by SIFT
algorithm is nominally (∝ + ) for an N x N image. This process is repeated for original image and
rotated image (450 and 900). The SIFT keypoints are extracted for various values of distance ratio. Once the
SIFT keypoints are obtained, SIFT match algorithm (MK-Rod) is applied to show matched keypoints between
two images by joining lines. The above process is briefly described below.

3.1 Scale Space Extrema Detection:
This is the first stage where key points are detected. To achieve this, the input image is convolved with
Gaussian filters at different scales, the difference of successive Gaussian blurred images are further producing
a difference of Gaussian filters (DoG). Thus once the DoG have been obtained, the keypoints are identified as
local minima/maxima of the DoG images across various scales. The candidate keypoint selection is done by
comparing each pixel in the DoG images to its eight neighbour at the same scale and nine corresponding



132 Sandeep B. Patil, Rajesh H. Talwekar

International Journal of Electronics, Electrical and Computational System
IJEECS

ISSN 2348-117X
Volume 6, Issue 7

July 2017

neighbouring pixel in each of the neighbouring scale. The noted pixel value is maximum or minimum among
all compared pixel, the selected pixel is called candidate keypoint [3],[4].

3.2 Keypoint Localization:
As discussed above, the first stage detect too many keypoints and very few of them are stable. This stage is
used to perform a detailed fit to the surrounding data for accurate localization over scale and ratio of principal
of curvature. This extracted information is used to reject the keypoints which have low contrast or poorely
localized along an edge.

The interpolation of surrounding data is done by using the quadratic Taylor’s expansion of difference of
Gaussian scale function [1]-[2]. In order to eliminate the low contrast keypoints, the Taylor’s expansion is
computed for an offset value less than 0.03.

3.3 Orientation Assignment:
In this stage, the stable keypoints is assigned one or more orientations based on the local image gradient
directions. These orientations of the keypoints descriptors achieve invariance to image rotation
[1],[2],[3],[4],[5].

3.4 Key Point Descriptor:
In the previous stages, the keypoint location were found at particular scales and assigned orientations. This
final stage computes descriptor vector for these keypoints in such a way that the descriptor are highly
distinctive and partially invariant to remaining variations [1],[2],[3],[4],[5].

3.5 SIFT Match algorithm (MK-RoD Algorithm)
This algorithm reads two images, finds their SIFT features, and displays lines connecting the matched key
points. A distance ratio is the ratio of vector angles from the nearest to second nearest neighbor. A match is
accepted only if its distance is less than distance Ratio times the distance to the second closest match. It
returns the number of matches displayed. For efficiency, it is cheaper to compute dot products between unit
vectors rather than Euclidean distances. The process of matching using MK-RoD algorithm[8]-[10] is shown
in figure 4.

For matching purpose we use MK-Rod algorithm as follows

 For each descriptor in the first image, select its match to second image.
 Precompute matrix transpose
 Computes vector of dot products
 Take inverse cosine and sort results
 Check if nearest neighbor has angle less than distRatio times 2nd.
 Show a figure with lines joining the accepted matches.

(a) (b)
Figure 4. (a) Original image with keypoints          (b) Rotated image with keypoints
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Step 1: Let image 1 is the original image and image 2 is the rotated (450 and 900) image as shown in Fig. 4.
Assuming further, let d11 to d61 are the distance factors of key point from the center of image 1; and d12 to
d62 are the distance factors of key point from the centre of image 2.

Step 2: If the numbers of matched key points are greater than 2 then calculate the distance of the matched key
point to the centre of the key points using the formula given below.= ∑ (1)= ∑ (2)

where are the summation of all distance for image 1 and image 2 respectively;  M denotes the
number of matched points.

Step 3: The distance array ratio (DAR) is defined as:

DAR = (distance between the matched key point and centre of the key point/total distance)

The DAR for original image and rotated image is calculated as:1 = … . . (3)2 = … . . (4)

Step 4: The distance masking is necessary in order to determine the similar pattern of matched key point and
the centre of the matched key point. The distance masking can be calculated by taking the absolute value of
DAR below the threshold value.

Distance mask =   abs[ 1 − 2] < ℎ ℎ (5)

The threshold value we choose here is 0.05, and it is incremented by 0.03 depending on the distance
ratio.Figure 5 (a) shows the example of matching between original and rotated (450) images. As we increase
the distance ratio gradually from 6.5 to 7.5 the keypoint matching will be increase. If we further increase the
distance ratio from 7.5 to 8.5 will result in improving the matching performance. Figure 5 (b) shows the
matching between original and rotated (900) image.

(a)

(b)
Figure 5. (a) Keypoint matching with 450 image rotation (b) Keypoint matching with 900 image rotation



134 Sandeep B. Patil, Rajesh H. Talwekar

International Journal of Electronics, Electrical and Computational System
IJEECS

ISSN 2348-117X
Volume 6, Issue 7

July 2017

4. Result and Discussion
Table 1 shows the result of matching for various distance ratio and rotation angle. We have considered five
Indian sign language gestures for reliable matching purpose. For Gesture A if we rotate it with 45 degree
angle keeping distance ratio is 6.5, it is found that 64 keypoints are correctly matched between two images.
The same numbers of key points are matched with distance ratio 7.5. If we further increase the distance ratio
to 8.5 the number of keypoints matching is 69. Similarly if we rotate the gesture A by 90 degree with fixed
distance ratio of 6.5, it has been observed that 7 key points are correctly matched between two images. Further
increase in distance ration will result in improving the matching performance.

Table 1: Result of image matching with various distance ratio and angle of rotations.

ISL

Gesture

Angle of
rotation Distance ratio=6.5 Distance ratio=7.5 Distance ratio=8.5

A
450

Matched key point(64) Matched key point (64) Matched key point (69)

900

Matched key point (7)
Matched key point (14) Matched key point (33)

B
450

Matched key point (59) Matched key point (66) Matched key point (74)

900

Matched key point (12) Matched key point (24) Matched key point (42)

C
450

Matched key point (16) Matched key point (18) Matched key point (21)

900

Matched key point (1) Matched key point (5) Matched key point (6)

D
450

Matched key point (53) Matched key point (57) Matched key point (64)
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900

Matched key point (8) Matched key point (15) Matched key point (26)

E
450

Matched key point (112) Matched key point (119) Matched key point
(127)

900

Matched key point (6) Matched key point (13) Matched key point (24)

Conclusion:
Image matching is the fundamental problem in object recognition. This paper addresses the matching of two
Indian sign language gestures having various distance ratio and angle. Initially for a fixed value of distance
ratio and angle, the system extracts the matching keypoints between two images. Further, manually
incrementing the distance ratio by keeping angle fixed, the keypoint matching between two images has been
increased. The SIFT algorithm is used to extract features because it gives stable features over translation,
rotation and scaling. The feature matching is performed using MK-RoD algorithm.
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