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Abstract

After the extraction of various features we can ipalate them to get important information suchrasf a
pair of eyes we can extract the iris pair to unigudentify the person or from a mouth we can extract thedit
teeth for applications such as person identificatigender identification etcFurthermoreextraction of these
features is not an easy task due to their variatioscale, rotation, pose, expren, presence or absence of sc
structural component, occlusion, illumination amdage condition etc. Hence a huge number of resesrare
taking place considering these limitations and fatiog suitable solutions to overcome them. In treper we hav
described three applications such as person i@Etidn using lip prints, teeth contour and irigtpen based on th
concept of feature extraction that are very populdsiometric scienc
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Introduction

Biometric is a unique statistical analysis t
automatically recognizes or verifies the identifyac
human being by analyzing various uman
characteristics as shown in the following figurel
these analysis procedure should go through a-
step process of capture, extraction, comparison
matching. In this process we first capture the das
of the biometric characteristic. Then extract
various features and convert them to a mathems
code which is stored as the biometric template
that person. The template may reside in the biam
system itself, or in any other form of mem
storage, such as a computer database, ¢ card or
a barcode. The individual then interacts with
biometric system to verify his or her identity ¢
obtain matching or nonmatching.
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Figure 1: Classification of biometric applications
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In the next sections we will illustrate hoy
person can be uniquely identified by using vari
facial features like lip prints [1] [2] [4] [5] [6]7]
[14]; finger prints [19]; teeth contours [18] [22] [2:
iris pattern [26]-[32], etc.

Person Identification Using Lip Prints

It is very difficult to implement a person
identity. Some common techniqi are used in this
context are based on dental, fingerprint and C
comparisons, but one of the ost interesting
emerging method of humaidentification is humal
lips recognition [6] [7] [8] [9]. Lip prints are uque
in nature and do not change during the whole lifa
person. Even in tims, whose patterns are somel
similar but no two lip prints are identical in digti

Identification of humans based on Lip prir
are examines using a forensic investigation tecle
known as Cheiloscopy [8] [11] [25]. Samples of
prints have to be obtained within 24 hours of tiofi
death to prevent erroneous data that would n
from post morten alterations of lip. Lip print patter
also depends on the position of mouth that is wre
mouth is opened or closed’he following flow
diagram shows how a person can be uniq
identified using their lip groove patte

———»| Imageacquisition | —pf feature (groove) | —p| verification —
extraction and
classification

Figure 2: Flow diagram of person identification using
lip prints
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Image Acquisition

The external surface of lip forms the
characteristic of a person and has numerous pattern
referred to as lip prints, lip prints can be obéairat
the crime scene from clothing, cups, glasses,
cigarettes, windows and doors. The survey shows
that, the red part of human lips are very muchulsef
in personal identification, but also they can beduis
gender identification, cosmetics surgery etc.
Feature (groove) Extraction and Classification

The arrangement of lines on the red part of
human lips is individual and unique for each human
being. These line arrangements are called groave. |
closed mouth position grooves are more prominent,
where as in open position the grooves are relativel
less prominent and difficult to interpret [12] [13]
These groove patterns are very much useful for
person identification.

Depending on the pattern of groove lip
prints can be classified into ten types:
A = complete vertical
B = incomplete vertical
C = complete bifurcated
D = incomplete bifurcated
E = complete branched
F = incomplete branched
G = reticular pattern
H = X or comma form
| = horizontal
J = horizontal with other forms (vertical, bifureatr
branching).

fower middle

@ ®)
Figure 3: (a) Diagram showing the sectional divisio of
lip print; (b) Diagram showing the various lip-groove
types.

From a huge number of statistical analyses,
it is concluded that, for each person there isiguen
groove pattern in each section. Also for each gende
[3] [15] there are some commonalities in groove
pattern. So whenever we want to analyze lips, we
first divide the lip structure into six parts. Aftthat,
we recognize the groove contours to match them
against the above ten types and then comparelit wit
the database records. Similarly, in case of person
identification we analyze the pattern in all the si
sections and based on the rules stated abovewtaen
can conclude that whether the person is male or
female. Other than these application domains, there
are some limitations, which are needs further study
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and they are the effect of age and seasonal irdfagen
on the groove patterns.
Verification

Once we extract the various groove patterns
for each section, we can build the feature vedirs
both the test samples and reference samples. After
that, we make a comparison between them to find out
the best match. According to literature Euclidean
distance is a very popular statistical measurechvhi
computes the distance between two vectors to find
out the match. In this context we can use a thidsho
value to make a decision on whether to accept or
reject the reference sample. If we do not find any
match which satisfies the threshold value, we can
choose another reference sample from our database.

Person Identification Using Teeth Contour
Identification of a person based on their
dental records is an interesting concept in Focensi
dentistry [17]. Here we use radiograph image, which
are more permanent rather than fingerprints, iris o
other facial features of a person [16]. Not onlisth
they remain available even either several hours of
expiry of a person. These dental records are then
matched to the database records by means of this
shape, relative distance between each tooth and etc
For this purpose, we need to segment each of the
dental features like crown, root. Each of these
extracted features represents ROI (Region of Istgre
that contains important data used for later st@f$ [
The segmentation of dental features can be done
either by region-based method where different
objects and regions are identified by using model
based approach where we use a specific model and
try to adjust its parameters to fit the procesdgeais
or regions. These model-based approaches are very
different to implement but they are more successful
and reliable. In short we can say that a person’s
identification using teeth contour involves three
steps: image acquisition, enhancement, and image
segmentation [20].

—| Image acquisition ——»|Enhancement ——p{ Scgmentation ——p| Verification —»

Figure 4: Block diagram of person identification usng
teeth contour.

Image Acquisition

According to forensic experts, we need to
record the contour or shape of the individual tooth
rather than the whole jaw because each individual
tooth gets rotated and moved from its AM position
due to the decay of gums and body tissues. Hence a
tooth based retrieval procedure is required in tauidi
to eliminate gum and body tissues problems asdstate
above. In figure 5, we identify three main classés
objects; teeth, gum, and air. A tooth maps to @&a ar
with mostly bright gray scales (except for the pulp
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tissue) while the gum maps to areas with mid-range
gray scales, and air maps to dark gray scales., Bhus
significant contrast in gray scales within a snaa#a

of a dental radiograph indicates a transition frame
object to another. In order to assist segmentaiias,
desirable to transform poor quality dental radiptsa
using in a way that insures an appreciable degfee o
contrast between the dominant gray scales used in
capturing the different classes of objects.

Alr

Figure 5: A typical dental X-ray image

Enhancement

Different X-ray images have different
resolutions, orientations and luminance content,
depending on the ray type of the machine and the
dentist who took it. Several images suffer from low
resolution and lighting, which would affect the
quality of the desired segmentation. Hence edge
enhancement is crucial for many images in order to
obtain successful segmentation results. Enhancement
of a dental radiograph is the process of produaimg
improved quality image out of a degraded quality
input image of a dental radiograph. The term “highe
quality” is a fuzzy term that should be further
explained. Quality of an image is a measure of its
suitability for an application-specific manipulatio

In this step, radiograph images are
automatically post-enhanced and segmented. In the
post enhancement stage, dental radiographs contain
three distinctive regions: background, teeth, and
bones. Usually the teeth regions have the highest
intensity, the bone regions have high intensityt tha
sometimes is close to that of the teeth, and the
background has a distinctively low intensity. It is
easy to separate the background by threshold-based
methods, but these methods usually fail to
discriminate teeth from bones, especially in casfes
uneven exposure. To overcome this problem, the firs
step we use is to enhance the image’s contrast. top
hat and bottom-hat filters can be used to extigbt |
objects (or, conversely, dark ones) on a darki@it)
but slowly changing background. We use both the
top-hat and the bottom-hat filters on the original
image, and combine the results by adding to the
original image the result of the top-hat filter,dan
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subtracting the result of the bottom-hat filter, that
the teeth areas can be enhanced and the bone and
background areas can be suppressed as well. Figure
6d shows a result of the enhancement algorithm.

(<)

{dy

Figure 6: An example of dental image enhancementa)

original image; (b) result of top-hat filtering; (c) result

of bottom-hat filtering; (d) the final enhancementresult
3.3 Segmentation

Image segmentation is typically defined as
the process of extracting objects from the image
background. Subtracting the object location from th
rest of the image usually performs it. This object
location is usually calculated by an edge detection
[24] technique, an intensity measure or a target
recognition algorithm. However most of these
techniques suffer from different types of noise tlue
low resolution or poor lighting, which results im-u
successful segmentation.

Segmentation subdivides an image into it's
constitute regions or objects. In the Dental Image
perspective, segmentation is to recognize and label
individual tooth in the X-Ray image or parts of the
tooth such as crown and root of the tooth. Eacthtoo
or object extracted from the image represents Regio
of Interest (ROI) that contains important data used
for later steps. ROI is defined as a rectangulatr gia
the image that focuses on one object of the exdact
objects from the image. The following image
represents an X-ray image and the specified object
inside the rectangle represents the ROI. Figure 8b
shows ROI extracted from the dental image.

In most of the segmentation algorithms, the
segmentation is done either by extracting region
based features, that can identify different objectd
regions, or by applying a model and try to adjtst i
parameters to fit the processed objects or regions.
Although the model based approaches are more
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complicated but they are more successfuld
reliable. For a complete review of ima
segmentation the reader is referred to
Mathematical morphology is a topological &
geometrical based approach for image analysis.d
powerful technique in extracting different shaped
structures in ifferent applications such as textt
classification, pattern analysis and cor-based
image coding and retrieval. Morphological filterirs
typically defined as grouping different pixels ime
images based on their color, spatial frequency
intensty. Objects in the morphologically proces:
image are usually well identified by a group ofgls
that represent the objects shape. The 1
morphological filters used in shape reconstruc
(grouping different objects) are Erosion, Dilati
opening and closing.

&
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Figure 7: Teeth segmentation and separation of cvens
and roots: (a) original images; (b) results of adajive
thresholding; (c) refined teeth contours with poins that
separate the roots and crowr

(a) (b) (<)

Figure 8: An example of teeth segmentation: (a) ret
of adaptive thresholding; (b) teeth regions isolatin
using the result from ROI localization; (c) resultafter
morphological operations

Person Identification Using Iris Pattern

Iris recognition $ a process of recognizing
person by analyzing the random pattern of the
Iris is a muscle within the eye that regulates dtze
of the pupil, controlling the amount of light tr
enters the eye [27]. Also the color of iris depend:
the amount ofmelatonin pigment within the musc
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[26]. No two irises are alike, and based on
concept we can uniquely identify a per:

Iris Pupil

Figure 9: Picture of ey

An automated iris recognition Syste
consists of three modules. In the first module,
capture an inge, after capturing the image, !
localize the iris excluding the noise such
eyelashes, eyelids etc. In the last module we per
some comparative analysis using some dats
entries.

—»| Image acquisition [—» irs localization —» pattemn matching —>

Figure 10: Block diagram of peison identification using
iris pattern

Image Acquisition

The first task of iris recognition is to extre
the iris boundaries because if we extract the
improperly due to some noise like eyelashes, eyg
pupil the algorithm may lead to poor performar
There are many challenges in an automated
recoqiition system. One of them is to acquire a t
quality image of the iris acquire images of thes
with sufficient resolution and sharpness to sup
recognition. It is important to have good contrias
the interior iris pattern without resorting tclevel of
illumination [10] [30]. Also we should remove alfig
artifacts presence in the image.

iris

scalera

pupil
Figure 11: Details of ey

Iris Localization
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Image acquisition does not capture image
containing only the iris part instead it capturés i
images as a part of a large image, which contains
surrounding eye regions. Therefore, before
recognizing the iris we first localize the iris fnoan
eye image. Further, if the eyelids are occluding pa
of the iris, then only that portion of the imagddve
the upper eyelid and above the lower eyelid shbeld
included [31] [32]. Typically, the limbic boundary
imaged with high contrast, owing to the sharp cleang
in eye pigmentation that it marks. The eyelids,
however, can occlude the upper and lower portidns o
this boundary. The papillary boundary can be fas le
well defined. The image contrast between a heavily
pigmented iris and its pupil can be quite small.
Further, while the pupil typically is darker thamet
iris, the reverse relationship can hold in cases of
cataract: the clouded lens leads to a significant
amount of backscattered light. Like the boundary,
eyelid contrast can be quite variable dependinthen
relative pigmentation in the skin and the iris. The
eyelid boundary also can be irregular due to the
presence of eyelashes. Taken in tandem, these
observations suggest that iris localization must be
sensitive to a wide range of edge contrasts, rofoust
irregular borders, and capable of dealing with
variable occlusion. A very well known localization

Figure 12: The results of iris localization by Daugian's
algorithm

Pattern Matching

In pattern matching module we compare the
localized iris image with existing database entry.
Prior to comparison, we must preprocess the
localized image using some transformation process
such as shift, scale, rotation etc [28] [29]. After
locating an iris, a 2D Gabor wavelet filters aredis
to map the segments of the iris into phasors. These
phasors include information on the orientation and
spatial frequency and the position of these arBais.
information is used to map the IrisCodes. IrisCode
using phase information describes Iris patternschvh
are collected in the phasors. This phase informatio
does not influence by contrast, imaging system,
illumination levels. The phase characteristic ofirém
can be described using 256 bytes of data using pola
coordinate system. Some control bytes are also used
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in this description to exclude eyelashes, reflesp
and other unwanted data.

To recognize iris, we first compare two
IrisCodes. The IrisCodes difference is called
Hamming Distance(HD). This HD is used as a test of
statistical independence. If the HD indicates thas
than one-third of the bytes in the IrisCodes are
different, the IrisCode fails the test of statiatic
significant, indicating that the IrisCodes are frdme

same iris. Therefore, the key concept to iris
recognition is failure of the test of statistical
e.

independenc

PR

Figure 13: Iris with IrisCodes

Conclusions

Recently, face detection techniques have
been employed in different applications such as
person identification using lip prints, teeth camto
iris pattern, which are also the subjects to beised
of this paper. Hence, before developing any kind of
method of your choice, if you go through this paper
you will definitely get an overview of various ways
of person identification process that uses the epihc
of feature extraction.
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