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Abstract— we present a robust Face Recognition (FR)
algorithm based on scale invariant feature transform. As it is
based on SIFT, this algorithm is also invariant to translation,
rotation, scale and illumination parameters. It is also robust to
noise in the image for FR. We find local descriptors from image
by using SIFT, but as there are number of local descriptors in
every image, we select only highly stable local descriptors. In
order to reduce the computational complexity and dimension of
the feature vector which contain information about the local
descriptors, a detailed study of face recognition using SIFT has
been done. As we are selecting only highly stable local
descriptors, every local descriptor is matched accurately with
high probability against large database of local descriptors
from many images. The algorithm based on SIFT show the
results which are very accurate and very good at
discrimination of the features of different images and provide
efficient recognition of the face. It is robust against the
challenges like illumination, pose variation and expression
change, etc. It gives recognition rate more than 92%.
Index Terms—Face recognition, SIFT, similarity matching
algorithm, DoG.

I. INTRODUCTION
Face recognition has been an important research topic
amongst researchers over a past few decades. Face
recognition is an important part of biometrics. Now-a-days,
robust face recognition systems are in great demand to help
against crime and terrorism. Until now, there are many
algorithms proposed for face recognition. But every
algorithm has its advantages and disadvantages. However,
identification of a person in large database with high
accuracy is still a big challenge for researchers. Because of
the variability in the human face, the different conditions
such as illumination, rotation, expression, camera view point,
aging, make up and eye glasses. Often these various
parameters greatly affect the performance of any face
recognition system; especially when the system needs to
match an input image with a large database.
In this paper, we have proposed a face recognition technique
which is based on Scale Invariant Feature Transform (SIFT).
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Here SIFT extract local features from the input image for
entire database. The next step will be similarity matching
algorithm which is used to match the input image features
with the features stored in trained database. Because of using
similarity matching algorithm for matching the training and
testing images, the accuracy of recognition goes up to 94%
which makes the proposed system more robust and accurate
than any other previously proposed face recognition systems.
For experimental purpose, we have made use of ORL (AT&T)
database which consists of 400 images of 40 different
individuals. The database consists of images of these 40
individuals with different pose and expressions.

II. REVIEW OF LITERATURE
Face recognition has been used for person identification
and verification for security purpose from last two decades.
But the techniques which are proposed for face recognition
can be classified into two categories; first is global features
extraction technique and second is local features extraction
technique [4]. Global features extraction technique uses
whole face image in order to extract global features. Global
features include features which can be extracted by Principal
component analysis (PCA), linear discriminant analysis
(LDA), and independent component analysis (ICA)
algorithms which require the entire face image for
processing [2,6,5]. These methods have common problem for
face recognition such as illumination, pose variation and
expression change [5]. To minimise such kind of problems,
they divide face image into smaller blocks and then apply
global feature extraction algorithms on the divided blocks of
image [5]. Although the problem remains unsolved, they still
don’t achieve the desired accuracy and less computational
complexity for their algorithms. In local feature extraction
techniques, only those features are extracted which are
considered to be important from the input face image [7, 9].
This technique extracted the geometric facial features from
the input image such as mouth, eyes, brows, and chicks and
the geometric ratios between them. The features extracted by
local feature extraction techniques are more stable than
features extracted by global feature extraction techniques.
SIFT is local feature extraction technique which is used in
face recognition, object tracking and recognition algorithms
[7, 4, 10, 16, 1]. SIFT simply transforms data present in the
face image into the key point descriptor which is going to be
used as local feature of that particular image. Initially, in
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1999, David Lowe proposed the SIFT. It was used for object
recognition after that Lowe proposed an algorithm for face
recognition based on SIFT which was almost same algorithm
that he used for object recognition.

III. RELATED WORK
SIFT method implementation: the system proposed by
David Lowe in 2004 to extract the features which are
distinctive in nature, by using SIFT [8]. SIFT transform an
image into a large collection of local feature vector which are
invariant to image scale, rotation, translation, occlusion and
partially invariant to illumination and the noise present in
the image [7]. There are three octaves which will be applied
to the image. After each octave, the Gaussian image gets
down sampled by factor 2 and then process continues for next
two octaves. On completion of this process, we get Difference
of Gaussian (DoG) images. For obtaining the maxima and
minima of DoG, each selected sample point is compared with
its 8 neighbourhood points in current image and 18
neighbourhood points which are present in previous and next
image. If the selected sample point is maximum or
minimum, than these 27 sample points then it gets selected as
a key point which will be used in recognition process. It is
highly stable and distinctive in nature than the other points in
the neighbourhood. This key point feature localization is
used to determine the co-ordinates and the scale present in
the image. Some of these key point features have the problem
of low contrast and are redundant in nature and thus they get
rejected for getting extreme stable points. The Taylor
expansion of the scale space function series is used to check
these extreme stable points and to reject the poor feature key
points.
(1)
where D and its derivatives are evaluated at the sample
point. And x= (x, y, σ)T is offset from this point. The location
of the extremum is determined by taking the derivative of
this function w.r.t. x and setting it to zero, which gives as
follows:

(2)
The function value at the extremum helps to reject
unstable extrema which has low contrast and it is given by:

DoG function has a strong response along edges present in
the image even though, location along the edge is properly
detected, the peaks which are poorly defined on the principal
curvature in the DoG function are computed using Hessian
matrix. It will have a large value across edge, but small value
in the perpendicular direction. In order to eliminate poorly
defined key points along the edge, the ratio of principal
curvature helps to detect them.
Orientation assignment determines the key point direction
to achieve the feature rotation invariance. The direction of
the key point can be found by assigning a consistent
orientation to each key point based on local image properties.
E.g. L(x, y), the modulus value m(x, y) and the orientation
Q(x, y) computed using pixel difference is given by:

(4)
After getting m(x, y) and Q(x, y) the orientation histogram
is formed which is later divided in to 36 bins over 0 to 360
degree range of the orientation. Then algorithm corrects and
analyses the numerical data of the m(x, y) located in each bin
and construct the gradient. Then each key point sample
present in the histogram is weighted by Gaussian weighted
circular window with an σ which is 1.5 times of the scale of
that particular key point. The peaks present in the orientation
histogram correspond to the dominant directions of local
gradients. Any local peak which is found above the range of
80% of the highest peak in orientation histogram is used to
create key point with that orientation. Therefore, many
multiple key point can be created at the same location and
scale but having different orientation. By finding the
gradient orientation and its magnitude, in a region which is
around key point location, key point descriptor is produced
for each of them. In this way, we get number of key point
descriptors of an image. Key point descriptor is in the form of
16 x 16 arrays which contain key points. Each region is
divided in to 4 sub-regions of size 4 x 4. Compute the
histogram with 8-directional gradient angle for each
sub-region, to minimize the effect of illumination
normalized histogram. The feature descriptor which is going
to be produced length is 4 x 4 x 8 =128 parts.
IV.

PROPOSED MODEL

(3)
Here all the pixels get discarded if
< 0.03. But it is
not enough to reject the key points with low contrast. The
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the probability of getting input image matched with training
database also increases. We have set the tolerance for R(i, j).
If for any image, R(i, j) becomes greater than 0.90 then that
image will be best match with database.

VI. Experiments and results

Fig. 1 Block diagram of proposed system
In this proposed model there are mainly two sections,
feature extraction and recognition. In first section i.e. key
point extraction, all the key points are extracted from the
images gets stored in the trained database of the proposed
system. There are number of steps involved in key point
extraction. First step is to create DoG images of the input
image, then key point localization and its scale. Only DoG is
the efficient function which is used to determine the key point
location. DoG function is determined by two adjacent images
difference which has different scales. These images which
are used to find DoG function are initially multiplying σ to
get a smooth and noise free image. σ keeps on incrementing
for next 7 images excluding input images. In order to locate
only stable and highly distinctive key point, each key point is
compared with its 9 key points of the adjacent images which
gives the maxima and minima. There will be large key points
which get localized but only 15% of them get selected
because of they are stable and particularly not affected by
noise. In order to detect stable points, set the threshold. Key
point features localize along the edges present in the images,
are typically unstable to noise, hence we have to reject them.
Peaks which are poorly defined can be found at principal
curvature. We have to set additional threshold on the
principal curvature. After that we detect the stable key points
which we use for matching purpose.

V. SIMILARITY MATCHING ALGORITHM

This algorithm was tested on the AT&T database which
consists of 400 images of 40 different individuals. The
database consists of images of these 40 individuals with
different pose and expressions. Each image is stored and
digitized as 92 x 112 pixel array. The files are in png format.
For experimental purpose, we partition 400 images into 2
datasets. First one is trained database and second one is
testing database. In training database, first seven images of
each individual get stored and thus there are total 280 images
and rest 120 images get stored in the test database. While
performing the experiment, highly distinctive stable key
point descriptors get extracted for all the images in training
database and gets stored in training database. As shown in
fig. 1 the key points get localized on the input image. Then
after applying threshold on principal curvature and selecting
the local peaks, which are in the range above 80% of the
orientation histogram, only stable key points are allowed and
from them we create key point descriptors for matching
purpose. As shown in fig. 2, for final recognition step, the key
point descriptors of the training database are matched with
the test image key point descriptors. This matching process is
done by similarity matching algorithm and the accuracy for
recognition up to 97% is achieved. The greater the R(i, j)
better the results of the algorithm. For matching purpose we
have selected the maximum R(i, j) value and the image for
which we get maximum value of R(i, j), the image is selected
as match for the input image.

VII. PERFORMANCE ANALYSIS
Performance analysis of SIFT based face recognition
system can be easily studied from the figures given below.

Similarity matching algorithm [9] is computationally
complex but it has maximum accuracy while matching one
image with the whole database.

(5)
In our proposed system, we have stored all the features of
the training images in training database. When input image
will be given to the system, its features get extracted using
SIFT method, and gets stored in T(m, n). Training image
features are stored in S(m, n). When we start computing
similarity between training images features with input image
features, we calculate R(i, j). As R(i, j) increases towards 1,
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complexity of the proposed algorithm. Hence in future, there
is a scope to reduce its computational complexity
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Fig. 3 (a) Original image (b) Key points localized (c)
Key points allowed

.

VIII. Conclusion
Face recognition using SIFT with similarity matching
algorithm is implemented successfully in this paper. From
the results it is clear that the proposed algorithm gives very
high, efficient results under varying illumination conditions,
scale, pose and expression. But there is one limitation of this
method. In this paper we are using similarity matching
algorithm for matching purpose. It is computationally very
complex as it is matching each image in the training database
pixel by pixel with the input image. So it increases the
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