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Abstract:In today’s digital era, face recognition has found a lot of importance in biometrics technology. Face is an important part of a person
which can be used to verify one’s identity. In forensics science, face sketch recognition is used to identify criminal or suspects. In this paper, an
approach has been proposed for face sketch recognition using rule based fuzzy. A forensic sketch is to be matched with mug-shot photos stored
in database. The proposed approach converts the original face photos into synthesized sketches to reduce the modality differences between the
original photo and the forensic sketch. Faces are extracted from synthesized sketches and features are extracted from these synthesized sketches
i.e. the face portion is separated from background and stored in database. Method used for extracting features is blob feature extraction and the
extracted features are intensity, area and equivalent diameter of the faces. Features of forensic sketches to be matched are extracted and given to
fuzzy rule based approach has been used to find possible matches between forensic sketch and mug-shot photos stored in the database. The

possible matches are compared with the forensic sketch using a correlation coefficient to find the best match.
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l. INTRODUCTION

An important part of humans through which a person can be
identified is face. A person’s face can be easily used to detect
the identity of the person .Homogeneous face recognition
systems focus on comparing an image to another image taken
in visible spectrum. Focus has shifted from homogeneous to
heterogeneous systems [1] where the images to be
recognized may not be havingsame modality i.e. images have
different modalities. One of the most important application
that has evolved over recent time is the use of sketch images
to recognize faces. Image forensics or law enforcement
agencies make use of this image retrieval system by
comparing image of criminal with mug-shot images stored in
their database. But in most of crimes, the image of criminal
may not be available rather some eyewitness of the crime is
available. A sketch is drawn by taking the details from the
eyewitness. Features are extracted from these sketches and
the person is identified use these features. Artificial
Intelligence is used to develop such algorithms which can
compare features of images having different modalities.
Machine is trained on a training set and then tested for a test
set of images. The objective is to develop such algorithm that
can be used to compare images of different modalities and
recognize faces. Traditional algorithms for face photo sketch
recognition are classified by two approaches: intra- modality
approaches [2] and inter- modality approaches [3], [4]. The
main aim of intra-modality approach is to convert a photo
(sketch) into a sketch (photo) so that a homogeneous face
recognition may be used to match the sketch (photo) to
synthesized photo (sketch). The reason behind this
transformation is to reduce the modality gap between the
sketch and the photo so as to make the recognition task easier
for the machine. Inter-modality approaches reduce the
modality gap by extracting the modality invariant features
form the sketch and photo. The main reason behind this is to
maximize the inter-class separability while still maintaining
the inter-class differences.Some authors have used a
combination of inter and intra modality approaches for this
face sketch identification [5].
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Il. RELATED WORK

Many researchers in recent times used either of the two face
sketch recognition. The literature for face sketch recognition
is available from different sources. Many sources have
contributed regarding this topic of research which include
research papers, articles, journals and books. Some of the
important research papers based on sketch photo image
recognition that have been reviewed are defined in this
section. [6] The method is based on extracting Multi-scale
Local Binary Pattern (MLBP) descriptors. For each photo
and sketch the descriptors are taken out from patches of log-
Gabor-filtered images. For matching and comparing the two
templates, the author has used The Spearman Rank-Order
Correlation Coefficient (SROCC). Global texture
information is provided by Log-Gabor filtering and local
texture information is extracted by Multi-scale Local Binary
Pattern (MLBP). Combination of Log-Gabor filtering and
by Multi-scale Local Binary Pattern (MLBP) has proven to
be useful for beneficial for face-photo sketch recognition.[7]
Author here laid prime focus on the Eigen transformation
method and Local feature-based discriminant analysis
(LFDA). The gross characteristics of face such as shape and
skin color are measured using Eigen transformation method.
The structures in face that are relevant to face recognition
are measured using Local feature-based discriminant
analysis (LFDA). [8] Author used a different modality
invariant face descriptor known as Gabor Shape inspired by
the fact that the modality gap between face photo and sketch
is caused by fine texture not coarse texture.
PushpaGopalAmbhore et.al. [9] used a robust framework
called local feature-based discriminant analysis (LFDA) for
matching sketch images against police mug-shot image
database. Scale invariant feature transform (SIFT) and multi
scale local binary pattern (MLBP) method is used to extract
features of sketches and digital photos. Scale-invariant
feature transform (SIFT) is an algorithm to extract local
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features in images.SouravPramanik et.al.[10]in this paper,
brought face photo and face sketch images in a new
dimension using 2D Discrete Haar wavelet .Then Principal
Component Analysis (PCA) was used to extract features
from the transformed images. Thereafter, SVM classifier
and K-NN classifier were used on the extracted features for
classification. Their proposed method experimentally
proved to be robust against faces that are captured in a good
lighting condition and in a frontal pose. An intra-modality
approach algorithm, known as Face Hallucination (FH)
technique which uses face super-resolution and face-sketch
synthesis has been proposed in [11]. A Scale Invariant
Feature Transform (SIFT) approach that matches sketches
and photos directly using the gradient magnitude
andorientation within a local region has been proposed by
[12]. [13] Further used Local Feature Discriminant Analysis
(LFDA) as an extension to their previous research for
matching forensic sketches. In [14] the author has used
geometrical relationships between facial features .PCA has
been used followed by a Feed Forward Neural Network
(PCA-NN).

I1. METHODOLOGY

A. Overview of proposed methodology

The proposed work for face sketch recognition has been
divided into three phases.

In phasel, original face image of each individual subject is
converted into synthesized sketch image for face feature
extraction based on blob feature extraction method based on
blob features. The extracted features are stored in database.

Phase 2 works as a filtering stage based on rule based fuzzy.
In this phase, features of a forensic sketch image of an
individual probe are compared with the features of
synthesized sketches using rule based fuzzy logic system.
The output of this phase is a set of images that match the
forensic sketch. We call this set as suspect set.

In phase 3, the best match between the forensic sketch and
the images in suspect set is determined using correlation
coefficient. A brief overview of proposed methodoogy is
shown in figure 1.

B. Synthesizing Sketches

A synthesized sketch is one that is prepared artificially by
the computer system using some synthesizing process. The
process of converting an image into a sketch is called
synthesizing. This process is based on Markov Random
Fields model. A training pair dataset consists of face photos
and their corresponding sketch made by an artist. To
synthesize a sketch from a face photo, a similar photo patch
is taken from the training set and its corresponding
sketchpatch in the training set is used to approximate the
new synthesized sketch. In this process, an image whose
sketch is to be made is broken down into patches. Similar
patches are looked for in the training dataset. Patches from
the training set that are similar to the patch of the image to
be synthesizedare taken. Then corresponding sketch patches
of sketch images of the selected images are organized using
Markov Random Fields to form a synthesized sketch. It is
assumed that if two patches in colored images are similar to
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each other, then their corresponding sketches will also be
similar to each other. The sketch synthesizing algorithm is
derived from [15], which uses an algorithm to synthesize
both images as well as sketches. The result of this step is a
synthesized sketch which is shown in figure 2.

C. Face Extraction

Face extraction is an important part of this problem because
the features are to be extracted from the extracted face. Face
from the synthesized sketch is extracted using cascade object
detector system available in matlab [16]. Viola-Jones
algorithm is used by cascade object detector to detect
people's faces, noses, eyes, mouth, or upper body. For our
purpose, only face has been detected and extracted. The face
extracted from a sample images is shown in figure 3.

Original Image

Forensic Sketch Image
Face Extraction

Binary Image

L

Sketch Synthesis Based
on MRF Model

Synthesized Image

2-D Correlation based
Feature Extraction matching

Face Extraction l ]

Rule Based Fuzzy

Binary Image System

i

Face
Feature Extraction Extraction

(BLOB)
Set of Probable
Database Images

Figure 1. Proposed Methodology

D. Blob formation and feature extraction

The synthesized sketch so obtained is converted into binary
image. The whole image is considered to be a single blob.
The features that are extracted from the synthesized sketch
are its mean intensity, area and diameter. For finding mean
intensity of the blob, we find all the pixels in the blob and
then find the mean of all the intensity values. For finding
areawe estimate the area of the objects in binary image.

(@) (b)
Figure 2. Sample of original photo, sketch and synthesized
sketch [20].(a) original photo (b) forensic sketch
(c) synthesized sketch

Area is a scalar value and roughly equals the total number
of pixels in the image that are on. The algorithm for finding
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the area of a blob finds the area by adding the areas of each
on pixel in the binary image. Area of each pixel is
determined by examining its 2-by-2 neighborhood. Six
different patterns for each individual pixel,
representing a different area are:
Patterns having zero on pixels (area = 0)
Patterns having one on pixel (area = 1/4)
Patterns having two adjacent on pixels (area = 1/2)
Patterns having two diagonal on pixels (area = 3/4)
Patterns having three on pixels (area = 7/8)
Patterns having all four on pixels (area = 1)
This algorithm is implemented in matlab using [17] which is
used to find the properties of a blob. Equivalent diameter
specifies the value of diameter of a circle having equal area

as that of the region in the image. It is computed as :
diameter = sqrt(4 » =

each

@

Figure 3. Face extraction process [20]
(a) Forensic sketch (b) Synthesized sketch (c) Face
Extracted

The features so obtained are intensity, area and diameter for
each image. The features of all the synthesized images are
stored in database.

Thus for each face image, a synthesized sketch is obtained
and features extracted from these sketches are stored in the
database. This is first part of the approach used.

E. Testing a forensic sketch

A forensic sketch is one that has been made by an artist on
the basis of details provided to him by a witness. This
forensic sketch has to be compared to the faces already
stored in the database. Face is extracted from the sketch and

it is converted to a binary image to be represented as the
blob. Features are extracted from the forensic face sketch.

F. Rule Based Fuzzy Logic System

Fuzzy logic is a logic operations method which instead of
being based on two valued (true/false) logic is based on
many valued logic.Fuzzy Logic Toolbox in matlab provides
functions for analyzing, designing, and simulating systems
based on fuzzy logic. A Fuzzy Inference System is built
using Fuzzy logic system toolbox. Fuzzy Inference system
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takes the features of the forensic sketch as an input vector .It
uses set of rules and a membership function to produce an

output value. Fuzzy system gives us a degree of truthfulness
of a system instead of true or false values.

The membership function used in our model is trapezoidal
membership function.
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A trapezoid-shaped membership function[18] is shown in
figure 4
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Figure 4. Representation of a trapezoid-shaped membership
function. Parameters p and s represent the feet of the
trapezium while g and r represent the shoulders of the
trapezium

The result of fuzzy system for a forensic sketch compared
with those of synthesized sketches shows the degree to which
the forensic sketch is expected to be similar to those of
synthesized sketches. A forensic sketch is compared with
synthesized sketches using fuzzy logic system. For each
synthesized sketch, fuzzy logic provides us a scalar value of
degree of relationship with the forensic sketch. The output of
this function is a vector having the values of degree of
relation between each individual synthesized sketch and the
forensic sketch. A set is obtained from this output vector
which contains the synthesized images having high degree of
relationships with the forensic sketch. A sample matching of
a forensic sketch and synthesized sketch is shown in figure 5.

G. 2-D Correlation coefficient

2-D correlation coefficient is used to find the degree of
relationship between two images. Higher the degree of this

coefficient, more will be the images related to each other. It
is calculated as-

Zp Zq (qu _A_) (an _E)

~ \/(En 2q(4pq _5)2)(210 2q(Bpq _B)Z)
A= mean of matrix A

B= mean of matrix B

A and B are matrices of the two images of size m*n

-(3)
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Figure 5. Matching a forensic sketch with a synthesized
sketch

Our proposed approach uses both fuzzy system and
correlation coefficient to match the forensic sketch to the
available synthesized sketches. The output of fuzzy system
acts as an input to the next step. The result of fuzzy inference
system is vector consisting of degrees of relationship
between the forensic sketch and each synthesized sketch. Out
of this vector, top images are taken out having maximum
degree of relationship with the forensic sketch. These top
images are the synthesized sketches having maximum degree
of matching with the forensic sketch. These top images are
matched with the forensic sketch using 2-D correlation
coefficient. The synthesized sketch having maximum
correlation value with the forensic sketch is considered to be
the match of the forensic sketch. A brief explanation of
correlation coefficient is may be read from [19]

IV. EXPERIMENTAL RESULTS

We conducted our experiment on CUHK dataset and I11T-D
face sketch database [22]. CUHK Face Sketch database
(CUFS)comprises of 188 faces from the CUHK student
database. For each face, there is a sketch drawn by an artist
based on a photo.It is assumed that photos are taken in a
frontal pose, under normal lighting condition, and with a
neutral expression. It consists of CUHK student data set
having 88 training pairs and 100 testing pairs. Another
dataset that has been used is IlIT-D Sketch Database. It
consists of a large number face sketch pairs that are meant
for research purpose in this field only. We have worked on
72 sketch-digital image pairs from the I11T-D student & staff
database for training purpose and 190 forensic images for
testing purpose. It contains a combination 0f92, 37 and 61
forensic sketch digital image pairs from Lois Gibson, Karen
Taylor and other internet sources respectively. CUHK
dataset is openly available at [20]. IlIT-D dataset is
available at [21]. Thus a total combination of 460 images
were used in the experiments. Results of fuzzy logic system
act as input to the correlation coefficient. Output of fuzzy
logic is vector having degree of relationship of stored
images with the forensic sketch to be identified. This vector
is then sorted to obtain the top degrees of relationship. The
images having maximum degree of relationship were
identified. We performed our experiment by taking three
different levels of output from the fuzzy output stage. In
these different levels, a small size vector containing images
having maximum degree of relationship with the forensic
sketch were taken. Then faces of synthesized sketches were
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taken and compared with the face of forensic sketch using 2-
D correlation coefficient. In first level, top 10 images from
the fuzzy output stage were taken. The sketch recognition
accuracy came out to be 82% which is quite good as
compared to other algorithms in the initial stage. When the
top 15 images were taken from the fuzzy output stage,
accuracy came out be near 90%. However when top 20
images from the fuzzy output were taken, we got an
accuracy of 95% which is quite good. This model is a two-
step verification process where a forensic sketch is verified
by fuzzy in the first step and then correlation coefficient
verified the result by showing high degree of relationship
between the detected image and the forensic sketch. The
results of experiments have been drawn using bar chart in
figure 6.

Accuracy percentage
100
95
90
85
.
75
fuzzy(10)+Cor2D fuzzy(15)+Cor2D fuzzy(20)+Cor2D

M Accuracy percentage

Figure 6. Graph showing accuracy rate in percentage
Fuzzy(10) means 10 images taken from fuzzy output stage
Fuzzy(15) means 15 images taken from fuzzy output stage
Fuzzy(20) means 20 images taken from fuzzy output stage

cor2D means 2D correlation coefficient.

The following table represents the results of our
experiments.

Table 1. Identification accuracy in percentage:

Method Accuracy percentage
Fuzzy(10) +cor2D 82
Fuzzy(15) +cor2D 90
Fuzzy(20) +cor2D 95

V. CONCLUSION

The main conclusions of the study is that the accuracy of
every face sketch recognition algorithm depends on many
factors. In our case, it depends on the sketch synthesizing
process which gives us the synthesized sketch from which
the features are extracted. Various methods and state of art
approaches have been used to solve the problem of
synthesizing sketches. But its accuracy mainly depends on
the accuracy of the artist who makes the forensic sketch and
the witness who describes the face of the person. Despite all
this, we have achieved a quite good accuracy compared to
some existing face sketch detection algorithms. In future we
would like to use some other methods to improve the
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accuracy of fuzzy by extracting some more distinctive
features. In future we would like to compare the results with
other existing sketch recognition algorithms in terms of time
and accuracy. We would like to use some other membership
functions in fuzzy logic to see if accuracy of fuzzy can be
improved by other membership functions. In the end we
would like to urge other researchers of this field to use this
new methodology to check if more improvements can be
made to our proposed algorithm
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