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ABSTRACT

Personal identification and verification both play a critical role in our society. Biometric
technology identifies individuals by their physical or behavioral characteristics. One
especially good biometnic identifier i1s the human palmprint, which is rich in features such
as principal lines, wrinkles and ridges. As yet, however, no device has been devised that
is suitable for the real-time acquisition of palmprint images. This study has two major
objectives: the design and implementation of a high quality palmprint acquisition device,
and the proposition of a knowledge-based approach to palm line extraction.

The proposed palmprint acquisition system is designed for various civilian
applications such as access control and for automatic teller machines. Its core
components comprise a light source, lens, CCD sensor board, and a video frame grabber.
With a resolution of 150 dpi, the system can obtain clear palm line features including
principal lines, wrinkles and ridges. The most suitable light source and optimal system
size were determined experimentally while a special-platform called the flat platen
surface was built to serve as the user interface which guides the placement of palms
during the acquisition process. Finally, we developed an online palmprint identification
system which uses the proposed system for the palmprint acquisition. That system now
controls access to our own laboratory.

The second objective of our research was the establishment of a novel palm line

extraction approach based on knowledge of palm line structures. The palm line extraction
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method starts with the adaptive thresholding techmque to obtain a preliminary line map
of a palmprint image. Next, we defined the properties of line structures and line segments.
Then, we designed the searching strategies to exploit the structural information of a palm.
Some rules were established for solving problems such as isolated points and broken
lines. Finally, the major palm lines can be extracted effectively using the above steps. For
the palm line matching, we first define a bounding box to limit the searching area. Next,
we divide each line into shorter lines called nodes and perform angle comparisons node
by node to get the similarity scores. We introduced the idea of point shifting and node
shifting in order to take care of the shifting and translation problems. In addition, we
employed a bidirectional matching scheme to further enhance the results. The
experimental results show that our palm line extraction framework is effective. We think
that palm line extraction can contribute to the classification of palmprints, or could even

be used on some new applications such as automatic palmistry (fortune telling).
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1 INTRODUCTION

1.1 The Need for Biometrics

Personal identification and verification both play a critical role in our society. Today more
and more business activittes and work practices are computerized. eCommerce
applications such as eBanking or security applications such as building entrance demand
fast, real time, accurate personal identification. Traditional knowledge-based or
token-based personal identification or verification are tedious, time-consuming,
inefficient and expensive.

Knowledge-based approaches use “‘something that you know” (such as passwords
and personal identification numbers [1]} for personal identification; token-based
approaches, on the other hand, use “something that you have” (such as passports or credit
cards) for the same purpose. Tokens (e.g. credit cards) are time consuming and expensive
to replace. Passwords (e.g. for computer logon and email account) are hard to remember
and keep track of. According Gartner [2], a company spends about US$14 to US$28 to
handle a password reset and about 19% of help desk calls are related to the password
reset problem. This may suggest that the traditional knowledge based password
protection is unsatisfactory. Thorough discussions on the weaknesses of the password
authentication methods are mentioned in [3]. Since these approaches are not based on any
inherent attribute of an individual in the identification process, they are unable to

differentiate between an authorized person and an impostor who fraudulently acquires the
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“token™ or “knowledge” of the authorized person. These shoricomings gave way to
biometrics identification or verification systems to become the focus of the research
commumty in the recent years: biometric systems based on iris, hand geometry and
fingerprint [4-8] were developed n the past decade.

Biometrics invoilves the automatic identification of an individual based on his
physiological or behavioural charactenstics. The first commercial system, Identimat, was
developed in 1970s, as part of a time clock at Shearson Hamill, a Wali Street investment
firm [9] and measured the shape of the hand and the lengths of the fingers. At the same
time, fingerprint-based automatic checking systems were widely used in law enforcement
by the FBI and US government departments. Advances in the hardware such as faster
processing power and greater memory capacity made biometrics more viable. Since the
1990s, irs, retina, face, voice, palmprint, signature and DNA technologies have joined
the biometric family [1, 10].

After the 911 terronst attacks, the interest on biometrics-based security solutions
and applications has increased dramatically, especially in the need to spot potential
criminals in crowds. This further pushes the demand on the development of different
biometrics products. For example, some airlines have implemented the ins recognition
technology in airplane control rooms to prevent any entry by unauthorized persons. In
2004, all Australian international airports will implement passport using face recognition
technology for airline crews and it will eventually becomes available to all Australian
passport holders [11}.

Fig. 1.1 (a) shows predicted total revenues from biometric for 2002-2007. A steady
rise in revenues is predicted, from US $928 million in 2003 to US $4,035 million in 2007.
Fig. 1.1 (b) shows Comparative Market Share by different biometric technologies for the

year 2003. With a 2003 market share of 52% [12], fingerprint technology is the world’s
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most widespread biometric technologies.

Total Biometric Revenues 2002 - 2007 ($m)
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Fig. 1.1
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(a) Total biometric revenues prediction in 2002-2007, (b) Comparative market

share by biometric technologies in 2003. (Source: International Biometric Group).
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1.2 Biometric System Architecture

A biometric system is essentially a pattern recognition system which makes a personal

identification by determining the authenticity of a specific physiological or behavioral

characteristic possessed by the user [13]. Normally, personal characteristics such as

fingerprints, palmprints or 3-D hand geometry are obtained through a sensor and fed into

the pattern recognition engine to return a result of success or failure. Fig. 1.2 shows the

architecture of a typical biometric system. In general, every biometric system consists of

the following four stages: 1) Signal acquisition 2) Signal preprocessing 3) Feature

extraction and 4) Feature matching,.

1

2)

3)

4)

Stage 1

Signal
Acquisition

Stage 2

Signal
Preprocessing

Stage 3

Feature
Extraction

Feature
Matching

Fig. 1.2 Four stages of a biometric systen.

Signal acquisition — biometric data is obtained from an input device. The quality of

signals is very important since it forms the raw input for subsequent processing.

Signal preprocessing — enhancement of the signals is performed in this stage,

including segmentation, noise reduction, and rotation and translation normalization.

Feature extraction — the features defined possess the stable and unique properties of

low intra-class difference and high inter-class difference. These featurcs are used to

create a master template which is stored in the system database.

Feature matching — a matching score is obtained by matching the identification

template against the master templates. If the score is less than a given threshold, the

user is authenticated.
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1.2.1 Operation Mode of a Biometric System

A biometric system is usually operated in three modes: enrollment, identification and

verification. But some systems only have either identification or verification modes.

Enrollment — Before a user can be verified or identified by the system, he/she must be
enrolled by the biometric system. The user’s biometric data is captured, preprocessed and
feature extracted as shown in stages 1 to 3 of Fig. 1.2. Then, the user’s template is stored

in a database or file system.

Identification — This refers to the identification of a user based solely on his/her
biometric information, without any prior knowledge about the identity of a user.
Sometimes it is referred to 1-to-many matching, or recognition. It will go through stages
1 to 3 to create an identification template. Then the system will retrieve all the templates
from the database for the feature matching in stage 4. A result of success or failure is

given finally. Generally, accuracy decreases as the size of the database grows.

Verification — This requires that an identity (ID card, smart card or ID number) is claimed,
and then a matching of the verification template with master templates is performed to
verify the person’s identity claim. Sometimes verification is referred to a 1-to-1 matching,

or authentication,

1.2.2 Performance Evaluation of a Biometric System

Performance evaluation of a biometric system usually refers to False Acceptance Rate
(FAR), False Rejection Rate (FRR) and Equal Error Rate (EER) [14]. FAR refers to a
situation where a non-registered user gains access to a biometrically protected system,
while FRR refers to a situation where a registered user fails to gain rightful access to a

biometrically protected system at the first attempt. EER is represented by a percentage in



8 Part I: An Overview

which the FAR and FRR are equal. EER provides a unique measurement which fairly
compares the performance of different biometric systems. In an ideal system, there are no
false rejections and no false acceptances but as yet no such system has been developed. In
general, a biometric system can be operated at different levels of security: high, medium
or low. Fig. 1.3 illustrates a hypothetical Receiver Operating Characteristics (ROC) curve
and typical operating points for different biometric applications [15]. The ROC curve of a
system illustrates the false reject rate (FRR) and the false acceptance rate (FAR) of a
matcher at all operating points (threshold, 7). Each point on an ROC curve defines the
FRR and FAR operating at a particular threshold. In fact, the security threshold depends
mainly on the application context of a biometric system, If it is designed for a high
security environment such as the entrance of a nuclear station, then more false rejections

with less false acceptances occur. The ideal case is to operate the system in both low FRR

and low FAR.
4 High Security
Applications
£
&
[}
(x4
=
2
3 Equal Error Rate Forensic
E —————— l : Apphcations
2 Civilian | —X
& | Applications;
]
L] -

~ False Acceptance Rate (FAR)

Fig. 1.3 A hypothetical ROC curve and typical operating points for different biometric

applications.
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1.2.3 Perception on Biometric Identifier

Seven factors affect the determination of a biometric identifier, including: universality,
uniqueness, permanence, collectability, performance, acceptability, and circumvention.
Table 1.1 summarises how three biometrics experts perceive five common biometric

technologies [16].

Table 1.1 Perception of five common biometric technologies by three biometrics

experts (Source: An Introduction to Biometric Recognition, IEEE ©).

Hand
Face Fingerprint | Geometry Iris Palmprint
Universality High Medium Medium High Medium
Uniqueness Low High Medium High High
Permanence Medium High Medium High High
Collectability High Medium High Medium Medium
Performance Low High Medium High High
Acceptability High Medium Medum Low Medium
Circumvention High Medium Medium High Medium

The applicability of a specific biometric technique depends heavily on the application

domain. These factors can influence the selection of a biometric system.

®  Universality — each person should have the characteristic.

®  [niqueness — no two persons should be the same in terms of the characteristic.

®  Permanence — characteristic should neither change in a long period of time.

®  Collectability — the characteristic can be measured quantitatively.

®  Performance — accuracy and speed of identification, and robustness of the system.

®  Acceptability - refers to the extent to which people are willing to accept a particular
biometric identifier n their life.

®  (Circumvention — refers to how easy it is to fool the system.
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1.3 Different Biometric Technologies

A significant limitation on existing biometric-based personal identification systems is
their imperfect performance in terms of accuracy and acceptance. These systems
sometime falsely accept an impostor (FAR) and falsely reject a genuine user (FRR) [1].
An ideal biometric system that satisfies all the cnteria of high accuracy, high user
acceptance and low cost, is yet to be developed. Each existing systern has its own
strengths and limitations. There is no definite answer for which biometric system ig the
most appropriate one as the selection of biometrics is an application dependent decision.
The following shows different types of biometric technology and products available on

the market.

1.3.1 Iris

Iris recognition is the most effective biometric technology, being able to accurately
identify the identities of more than thousand persons in real-time [13, 17]. The iris 1s the
colored ring that surrounds the pupil. A camera using visible and infrared light scans "[-he
iris and creates a 512-byte biometric template based on characteristics of the ins tissue,

such as rings, furrows, and freckles.

Fig. 1.4 (a) Iris acquisition device (Source: Iridian Technologies, Inc.), (b} an iris image

with its frisCode and eye-localization graphics (Source: J. Daugman).
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An iris recognition system such as IrisAccess™ from Iridian Technologies, Inc. [18]
provides a very high level of accuracy and security. Its scalability and fast processing
power fulfils the strict requirements of today’s marketplace but it is expensive and users
regard it as intrusive. It is suitable for high security areas such as nuclear plants or
airplane control rooms. On the other hand, it is not appropriate in areas which require
frequent authentication processes, such as logging onto a computer. Fig. 1.4 (a) shows an
iris camera manufactured by Panasonic®, while Fig. 1.4 (b) shows an iris with its

IrisCode and eye-localization graphics [19].

1.3.2 Face

Compared to others biometrics, face verification is low cost, needing only a camera
mounted in a suitable position such as the entrance of a physical access control area. For
verification purposes it captures the physical characteristics such as the upper outlines of
the eye sockets, the areas around the cheekbones, and the sides of the mouth.
Face-scanning is suitable in environments where screening and surveillance are required

with minimal interference with passengers.

G - T
ru.vﬁmmum

ot " | v i Mot | | :

Fig. 1.5 A screen shot of the Face Recognition Software. (Source: Identix Inc.)
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The State of Virginia in the U.S. has installed face-recognition cameras on Virginia’s
beaches to automatically record and compare their faces with images of suspected
criminals and runaways [20]. However, the user acceptance of facial scanning is lower
than that of fingerprints, according to a IBG Report [21]. Fig. 1.5 shows a screen shot of
the face recognition software called Facel® ARGUS. It is an off-the-shelf facial
recognition system that detects and identifies human faces as they pass through a

camera’s field of view, which can help the detection of suspect from a database.

1.3.3 Fingerprint

The commercial application of biometric devices began in the early 1970s when a system
called Identimat, which measured the shape of the hand and length of the fingers, was
used as part of a time clock at Shearson Hamill, a Wall Street investment firm [9].
Subsequently, hundreds of Identimat devices were used to establish identity for physical
access at secure facilities run by different governmental offices such as U.S. Naval

Intelligence and the Department of Energy.

(a) (c)

Fig. 1.6 (a) a fingerprint sensor, (b) a cross section diagram (Source: Veridicom Inc.),

and (c) a typical fingerprint image.
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Human fingerprint is made up of ridges that take the shape of loops, arches, and
whorls. Minutiae are the points on a fingerprint where a ridge ends or splits into two. The
most promising minutiae points are extracted from an image to create a template, usually
between 250 to 1,000 bytes in size [8, 15, 22-26]. It 1s the most widely used biometric
technology in the world, has a market share of 52% in 2003 [12]. Its small chip size, ease
of acquisition and high accuracy make it the most popular biometrics technology since
the 1980s. However, some people may have fingerprints worn away due to hand work
and some old people may have many small creases around their fingerprints, lowering the
system’s performance. In addition, the fingerprint acquisition process is sometimes
associated with criminality, causing some users to feel uncomfortable with it.

A typical capacitive based fingerprint sensor is shown in Fig. 1.6 (a), where (b}
illustrates how it is touched by a finger tip, and (c) exhibits a typical fingerprint image.
Popular applications including the time attendance and employee management systems

and physical access controls install in the entrance of buildings.

1.3.4 Hand Geometry

Hand geometry requires only small feature size, including the length, width, thickness
and surface area of the hand or fingers of a user, as shown in Fig. 1.7 (a) [6].

There is a project called INSPASS (Immigration and Naturalization Service
Passenger Accelerated Service System) [27] which allows frequent travelers to use 3D
hand geometry at several international airports such as Los Angeles, Washington, and
New York. Qualified passengers enroll in the service to receive a magnetic stripe card
with their hand features encoded. Then they can simply swipe their card, place their hand
on the interface panel, and proceed to the customs gate to avoid the long airport queues.

Several housing construction companies in Hong Kong have adopted the Hand Geometry
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for the employee attendance record in their construction sites, as shown in Fig. 1.7 (b). A
smart card is used to store the hand shape information and employee details. Employees
verify their identities by their hand features against the features stored in the smart card as
they enter or exit the construction site. This measure supports control of access to sites

and aids in wage calculations.

Fig. 1.7 (a) the features of a hand geometry system (Source: 4. K. Jain), (b) A hand

geometry systern operating in a construction site in Hong Kong.

Hand geometry has several advantages over other biometrics, including small
feature size, and low cost of computation as a result of using low-resolution images [6,
28]. In spite of its current widespread use (10% market share in 2003 [12]), the current
hand geometry system suffers from high cost and low accuracy [13). In addition,
uniqueness of the hand features is not guaranteed, making it unfavorable to be used in

one-lo-many identification applications.
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1.3.5 Palm Vein Patterns

In August 2002 Fujitsu Laboratories Limited announced a new type of biometric
authentication technology which verifies a person’s identity by the pattern of the veins in
histher palms [29]). They claim that, except for their size, palm vein patterns are
personally unique, and do not vary over the course of a person’s lifetime. They use
infrared light to get the image of a palm when the hand is held over the sensor device. By
testing 1400 palm profiles collected from 700 people, the system achieved a false
rejection rate of 1% and a false acceptance rate of 0.5% with an equal error rate of 0.8%
[30]. The use of this technology would enable convenient biometric authentication for
different types of applications such as log-in verification for access to sales, technical or
personal data. Fig. 1.8 (a) shows the Palm Vein Pattern Biometric Authentication System
while Fig. 1.8 (b) shows a sample vein patterns. Since it is a new biometric technology,

there is not much confidence from the public to use it.

(a) (b)

Fig. 1.8 Palm vein pattern technology: (a) Palm Vein Pattern Biometric Authentication

System, (b) sample vein patterns. (Source. Fujitsu Laboratories Limited)
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1.4 Why Palmprint?

Every biometric technology has its merits and limitations and no one is the best for every
application domain. Nonetheless, as this Section outlines, palmprint does have

advantages over other hand-based biometric technologies.

1.4.1 Definition of Palmprint

A palm is defined as the inner surface of a hand between the wrist and the root of fingers.
A palm is rich in features: principal lines, winkles, ridges, singular points and minutiae
points, as shown in Fig. 1.9, make up the palmprint. It is very much Jarger than a finger

tip but is covered with the same kind of skin.

Y

Wrinkles = R R Head Line

Fig. 1.9 Three levels of line features from a palm
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1.4.2 Palmprint Advantages

Palmprints have advantages over other hand-based biometric technologies:

(a) The palm provides a larger surface area compared with the fingerprint so that more
features can be extracted.

(b) An individual is less likely to damage a palm than a fingerprint and the line
features of a palm are resistant to throughout one’s lifetime.

(¢) Small amounts of dirt or grease sometimes appear on an individual’s finger,
adversely affecting the performance of fingerprint verification. This problem does
not arise in the extraction of palmprint features since the highest resolution for the
proposed system is only 150 dpi.

(d) Compared with 3D hand geometry, palmprint has more unique features that can be
used for personal identification, so a better performance can be expected.

Many unique features of a palmprint image can be used for personal identification
including principal lines, wrinkles, ridges, minutiae points, singular points and texture, in
which all of them are useful in palmprint representation [31]. Palmprints also use 2 much
lower resolution imaging sensor (150 dpi) compared with a fingerprint (500 dpi), with the
result that computation is much faster in both the preprocessing and feature extraction
stages. In view of these advantages, we proposed to use palmprint features for personal

identification in different real-time applications.

1.5 Organization of the Thesis

This thesis is organized in four parts. Part I has two chapters, providing an overview of
biometric technology and underscoring the advantages of palmprint research. It first
introduces different biometric technology and defines the palmprint identification system.

Then it skeiches the history on the development of the palmprint acquisition device and
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investigates our proposed framework. Part 11 has three chapters, outlining the design and
requirement analysis on the palmprint acquisition device. Next, the intemnal components,
user interfaces and the appearance design are investigated. Then it evaluates the
performance of the palmprint acquisition device. Part Il has four chapters, reporting a
novel recognition engine based on palm lines extraction. It first introduces some existing
palmprint preprocessing techniques, then 1t discusses the proposed idea on the palmprint
signal preprocessing, which involve the binarization and edge detection on the palmprint
image. We define rules and strategies from the information obtained from the palm lines’
structures, for the line features extraction. Then we propose the matching strategies and
report the experimental results from the recognition engine. Lastly, Part IV has one

chapter that offers our conclusions and suggests directions for further research.



2 RESEARCH ON PALMPRINT TECHNOLOGY

2.1 Palmprint Research Workgroups

Although the palmprint is a new member of the biometric family, there are a variety of
workgroups and organizations interested in the palmprint research, including hardware
design, algorithm development and forensic applications. Indeed, there has been a patent

for a palm positioning mechanism for more than 30 years.

2.1.1 Palmprint Patents

There are patents granted in the past few decades about different design on the palm or
palmprint acquisition and identification apparatus [32-36]. Some of them are concerned
with the design of the apparatus (palmprint or palm lines acquisition device) using an
optical imaging mechanism; some of them have designed a special controlling tool
tailored for the palm shape measurements such as palm positioning and system actuating
mechanisms (Fig. 2.1). It seems however that none of those patented designs is available

on the market as a commercial product for the biometric identification or verification

applications.
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(b)

Fig. 2.1 (a) an Electro-optic palm scanner (Source: US Patent No. 352833535), (b) a palm
positioning and actuating mechanism (Source: US Patent No. 4357597).

2.1.2 <Commercial Sectors

Several companies have developed inkless palmprint identification / verification systems
for criminal applications [37-41]. Their systems use ]i\fe scanners to acquire high
resolution images from which many detailed features, such as ﬁdges, singular points and
minutia¢ points, can be extracted and matched with the features from latent prints.
Building on their previous design, Biometric Partners Inc. [42] has developed a touchless
palm sensor which has a recognition distance of up to 300 mm, while maintaining high

contrast image resolution and real-time imaging (Fig. 2.2).
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(a) (b}
Fig. 22 Palm image acquired by a live scanner: (a) raw image, (b) binarization of the

raw image. (Source: Biometric Partners Inc.)

2.1.3 Research Teams

Several research teams are investigating paimprints [43-50] focusing on the recognition
methods of inked and/or inkless palmprints. One of these research teams [45] uses a
digital scanner to obtain inkiess palmprint images, obviating the problem of an inked
palmprint but the technique is not appropriate for real-time applications because the
scanning process is time-consuming. The fact that there is no suitable palmprint
acquisition system available on the market for civil applications has motivated us to

design a palmprint acquisition system for palmprint research.



22 Part I: An Overview

2.2 Acquisition of Palmprint Data

2.2.1 Offline Method

Before the development of online capture device, palmprint data was obtained by offline
method, as shown in Fig. 2.3. Offline method involved collecting samples by ink in a
user’s palm and pressing it onto a sheet of white paper. After the ink has dried, the
palmprint image on the paper is digitized by a scanner and stored in the personal
computer [51]. This method is not, however, suitable for real time application such as

physical access control and the quality of the palmprint image is not satisfactory.

Fig.2.3 An inked palmprint image from offline acquisition method.

2.2.2 Online Method

In December 1999, led by Prof. Zhang at the Department of Computing in The Hong
Kong Polytechnic University, Niu et al. [10] started to design their first online palmprint
capture device. It was the first attempt to make an online device for palmprint research.
The device is made by a plastic box, a light source, a mirror, a glass plate and a CCD
camera, as shown in Fig. 2.4. After repeated testing, however, they found that the image
formed through the mirror is not as good as a direct reflection because the second

surfaced mirror creates a ghost image. In addition, the glass plate used to hold the palm
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distorts the surface of the skin of the palm so that palm lines are not good enough for the

feature extraction. A better device is needed in order to get a better image quality for

further processing.

Glass Plate
Light
N\

Plastic Box

CCD Camera Second Surface Mirror
(a) (b)

Fig. 2.4 First online palmprint acquisition device: (a) appearance, (b) architecture.

2.3 Proposed Framework

Like most biometric systems, palmprint identification system is a four-stage process
involving signal acquisition, signal preprocessing, feature extraction, and feature
matching. Functionally, we can place the components in two groups: 1) hardware and
peripherals, and 2) software. So our framework is designed in two layers of abstraction:
Layer 1 is the Palmprint Acquisition Device composed of a user interface and sensor,
while layer 2 is a Line Based Recognition Engine which carries out image preprocessing,
feature extraction and matching, as shown in Fig. 2.5. A further breakdown of the
framework is shown in Fig. 2.6. Layer | is discussed in Part I of this thesis while layer 2

is described in Part I11.
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Fig. 2.6 Breakdown of the proposed framework.

2.3.1 Layer 1 - Palmprint Acquisition Device

The main objective of Layer 1 is to design a high quality palmprint acquisition device
with a comfortable user interface. For the user interface, there is a specially. designed flat
platen surface for holding the palm in alignment. It acts as the input channel for the user

and system, for the acquisition of the palmprint signal from the user interface. The sensor
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unit consists of a light source, a lens, a CCD sensor board, and a video frame grabber.
The light from the object (palm) passing through the aperture is converged by the lens to
form an image. A CCD sensor transforms the photon signal into an electrical signal. A
video frame grabber processes the analog signal from the CCD sensor and an Analog to
Digital Conversion (ADC) take place in the on-board chip. The proposed framework uses

an Intel Celeron 950 MHz CPU, 128 MB RAM and storage of 32 MB Disk on Module.

2.3.2 Layer 2 -Line Based Recognition Engine

The main objective of Layer 2 is to design a line based recognition engine that based on
the palm lines’ structural information. It consists of stages of: 1) palmprint signal
preprocessing, 2) line feature extraction, and 3) line matching. In the palmprint signal
preprocessing stage, noise is reduced using image enhancement procedures and then a
coordination system is established to locate the palmprint data from the raw image.
Finally, we binarize the image to get the preliminary line map of a palmprint image. In
the line feature extraction stage, major lines are extracted to create rmaster templates for
purposes of identification or verification. A knowledge based approach is introduced
which uses the structural information of a palmprint image to enhance the performance of
palm line extraction. In the line matching stage, the identification template is compared
with the master templates and the system determines whether they have come from the

same person.

2.4 Possible Applications Using Palmprint

Biometrics can be used in both customer and employee oriented applications such as
ATMs, airports, and time attendance management with the goals of improving the
workflows and eliminating fraud. We propose the use of a palmprint identification system

to supplement or even replace existing services and methods such as smartcard or
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password-based authentication. Our proposed system is most appropriate for the
following applications: (1) audit trail and anti-fraud activities, (i1) transportation system,

and (i1} access control and human resource management.

2.4.1 Audit Trail and Anti-fraud

Retail Banking

The internal operation of retail banking such as daily authentication process can be
replaced by using biometric technology. Some banks have implemented an authorization
mechanmsm for different hierarchy of staff by swiping their badge for audit trail purpose.
But a supervisor’s badge may be stolen, loaned to other members of staff or even lost.
Our proposed system eliminates these kinds of problems by placing a palmprint
identification device on each supervisors’ desk. When a junior member of staff has a
request, it is transmitted to the supervisors’ computer for palmprint approval and

automatically recording.

ATM
Although the existing authentication environments for ATM operations are imperfect, the
password based authentication method is the most effective and widely used mechanism.

ATM are customer oriented applications where palmprint can replace the existing

password based authentication methods.

2.4.2 Transportation

Airports

As mentioned in Chapter 1 Section 1.3.4, INSPASS allows frequent travelers to use the
3D hand geometry at several international airports such as Los Angeles to speed up the

boarding procedures [27]. Palmprint recogmtion systems could do the same.
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2.4.3 Access Control and Human Resource Management

Building Access Control

The purpose of building access control i1s to monitor and verify the identities of
individuals who enter or leave restricted areas. These kinds of systems can be customer or
employee-oriented. Our system can complement or replace the use of keys or badges. It
can keep track of who has émered to particular areas because palmprints cannot be shared

or borrowed.

Time and Attendance Management

“Buddy punching” is the workplace custom in which employees punch time cards for
friends who may be late or absent from work. It is a problem for many large companies
which blame it for the loss of hundreds of millions of dollars every year. The use of a

palmprint identification system to replace time cards could eliminate this type of fraud.

2.4.4 Other Applications

Citizen ID Program

It is a trend for governments to use biometric technology on the issuance of citizen
identity cards. In Hong Kong, a project called Smart Identity Card System (SMARTICS)
uses the fingerprint as the authentication identifier [52]. Efficient government services
using SMARTICS will provide increased security and faster processing times on different
operations such as driver license or border crossing. We think that palmprint is effective

to be used on similar applications.
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3 REQUIREMENT ANALYSIS ON THE

ACQUISITION DEVICE

To develop a real-time, on-line palmprint identification system requires a palmprint
scanner that can quickly capture high quality palmprint images, which is a fundamental
step of palmprint research. However, limited research effort has been put into designing
and implementing palmprint acquisition system. The proposed palmprint acquisition
system is designed for personal identification based on palmprint recognition. In this
Chapter, we analyze the requirements of a novel palmprint acquisition device. The
structure of the proposed system is shown in Fig. 3.1. There is a user interface for the
input of the palm. A set of optical components would then work together to obtain the
signals from the palm. The analog signal is converted into a digital signal using an A/D
converter and the digitized signals are stored in the main memory of our system.

There are specific criteria for our system: user interface requirements and optical

system requirements.

User Interface Requirements

® FEasy and imtuitive to user — users should feel comfortable when they are using the
system since the level of user acceptance is very important nowadays for any

customer based applications.

® Size - the size is dependent on applications, but 1t should be as small as possible.
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Fig. 3.1 The structure of the palmprint acquisition system.

Optical System Requirements

® /mage quality — high quality images must be obtained such that the subsequent image
processing for the recognition can be performed properly.

® Real time processing — the response time of the system should be fast enough to
provide a development platform for civilian applications.

Having defined the criteria of our system, the remainder of this chapter will focus on how

those requirements could be achieved in different levels on the system development.

3.1 Analysis on the User Interface of the Device

Acceptability to users is essential in the selection of a biometric identification technology.
Factors affecting the acceptability of a system include user friendliness, ease of use, and a
non-intrusive design. If users feel uneasy with a device, they are reluctant to cooperate
with the whole identification system. As a result, the sensors might acquire some noise
signals which would seriously affect the system performance.

In view of this circumstance, we need to pay spectal attention to the design of

different components in the user interface, including:
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1) Anpanel to hold a palm
It is important to have a place to hold the palm so that the user feels good during the
acquisition process. This panel should help the acquisition of stable signal for the
pattern recognition engine in the subsequent stages.

2)  Palm positioning guides
Some simple instructions can be easily followed by the users without any

difficulties in the whole acquisition process.

3.2 Analysis on the Size and the Appearance of the Device

The appearance of a device plays another important role on the selection of biometric
system. We should determine an appropriate size and appearance for the user interface
panel and, indeed, the entire device. The considerations include:
1) Appropnate size of the user interface panel
The size of the user interface panel should allow different sized palms to be similarly
placed. It should faithfully acquire sufficient features from palms of different sizes.
2) 8Size of the whole device
The device must be of a size appropriate for use in different applications. Some
applications such as building access control will allow a larger device while some

indoor applications such as computer logon will require a smaller device.

3.3 Analysis on Possible Optical System

Every biometric system normally has a sensor for the acquisition of biometric signals.
Palmprint, a 2-D signal, can be acquired with various imaging sensors now on the market.
For the purpose of identifying an appropriate tool as the acquisition device in our
framework, we only focus on the imaging sensors usually used in biometric systems,

such as capacitive sensors, flatbed scanners, and CCD cameras.
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3.3.1 Capacitive Sensor

Most fingerprint devices use capacitive sensors. These contact mode sensors that,
depending on the manufacturer, require the user either to hold the finger sull on the
sensor surface or to swipe it across the sensor, allowing the user’s finger tip skin surface
data can be read, digitized and transferred to the device for further processing.

Shown in Fig. 3.2 (a) is the world’s smallest capacitive based fingerprint sensor (/4
mnt (W) x 4.3 mm (D) x 1.2 mm (H)), developed by Fujitsu [53]. The user swipes a finger
across a thin sensor strip and the fingerprint image is recorded in sequence row by row.
Fach metal electrode acts as one capacitor plate and the contacting finger acts as the
second plate. A passivation layer on the surface of the device forms the dielectric between
these two plates.

Another vendor, Veridicom [54], produced a sensor which has dimensions of 24 mm
(W) x 24 mm (D) x 1.4 mm (H). It is a type of touch sensor which acquires the fingerprint
image by holding the user’s hand stationary on the sensor surface during image
acquisition, as shown in Fig. 3.2 (b). Both the Fujitsu and the Véddicom sensors provide

500 dpi resolution images.

Fig. 3.2 Fingerprint sensors: (a) capacitive based swipe sensor (Source: Fujitsu), and (b)

capacitive based touch sensor (Source: Veridicom).
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3.3.2 Scanner

A flatbed scanner typically operates by moving a scan head slowly across a target glass
plate using a belt attached to a stepper motor. The resolution is dependent on the number
of sensors in a single row detector array and the precision of the stepper motor [55].
Scanners capture high resolution images at a slow speed. Fig. 3.3 (a) shows a commercial

palm scanner.

(a) (b)

Fig. 3.3 (a) A commercial palm scanner (Source: Cross Match Technology Inc.), (b)

Palmprint images obtained with a general purposed scanner.

3.3.3 Charged Couple Device (CCD) Camera

A CCD sensor converts optical signals into electrical signals. These signals are then
transported across the chip and stored in the sensor array where the charge is converted to
voltage and amplified, and an analog-to-digital converter digitizes the signals [56]. CCD
technology is mature and images obtained are distortion-free, low noise and high quality
in terms of fidelity and light sensitivity while the acquisition speed of a CCD camera is
the same as that of a camera.

The CCD camera is usually connected to a video frame grabber for the A/D
conversion and the digitized data is stored in the main memory of a computer. The CCD

camera and video frame grabber determine the actuval speed of the acquisition process. A
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popular video frame grabber can capture 25 frames per second (fps), i.e. 0.04s, which is

adequate for capturing real-time image for personal identification systems.

3.3.4 Analysis of the Imaging Sensors

Fig. 3.3 (a) is an image obtained using Cross Match ID 1500™ palm scanner [37], while
Fig. 3.3 (b) is a palmprint image obtained using a general purposed flatbed scanner in
grayscale at a resolution of 150 dpi. It can be seen that there are deformed skin surfaces
on the left and lower right parts of the palm while the central part is not clear enough for
feature extraction. As the skin of the palm is not a flat surface, the image obtained using
this scanner is not acceptable. Although we do not have such a large capacitive sensor to
acquire palmprint image for comparison, it can be expected that the details from the
central part of a palmprint may similarly be lost due to the skin structure of the palm is
not a flat surface. In addition, the slow acquisition process of the scanner makes it
undesirable for our proposed system.

Fig. 3.4 shows a palmprint image obtained using a CCD camera. It is a high quality
image with uniform illumination. The palm does not need to touch the imaging sensor
during the acquisition period. Owing to the weaknesses of the capacitive sensor and
scanner sensor, we propose to use CCD camera as the acquisition core components of the
palmprint acquisition device. Table 3.1 summarizes the advantages and disadvantages of
the above sensors.

In fact, the contactless design of the palmprint acquisition interface plays an
important role in obtaining high quality palmprint image which does not distort the image
with uniform illumination. Owing to the weaknesses of the capacitive sensor and scanner

sensor, we propose to use the approach of CCD camera as the core component for image

acquisition.
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Table 3.1 Comparison of different imaging sensors.
Advantages Disadvantages
® rcadily available @ sensor area too small to fully
Capacitive | ® low price cover the palm
Sensor @ high resolution @ cannot capture features located
® real time processing in the central part of the palm
® readily available & slow speed in the whole
® low price acquisition process
Flatbed i i @ some of the skin is deformed
scanner ® usually very high quality (but some of the skin is deforme
depends on the CCD sensor | @ central part of the palm is not
used) clear
@ readily available
@ low price
® usually very high quality (but
CCD depends on the CCD sensor | 4 need to implement the lighting
camera environment ourselves

used)
@ real time processing (25 fps)
@ captures detailed palm lines and

features without deformation
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Fig. 3.4 Palmprint image obtained using a CCD Camera.

3.4 Analysis of Real Time Processing

The real time processing capability of the palmprint acquisition is controlled by the
processing power of the CCD sensor chip, and the processing speed of the video frame
grabber chip. For the CCD sensor, there is an electronic shutter which controls the
integration time for each frame of an image at the fastest of 10 us. For the video frame
grabber, we digitize the image using the Fusion™ 878A video decoder [57]. A video
frame grabber is an image digitizer which takes an analog signal as input and converts it
into a digital signal. The main advantage of using a video frame grabber is its fast frame
rate and short integration time {58-59). The integration time of a CCD sensor is
dependent on the aperture of the lens, focal length and lighting. By the use of CCD

camera connected to a video frame grabber, the image can be obtained at 0.04s on a 25
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frames per second (fps) video frame grabber. Since the CCD operates at 10us while the
video frame grabber can only operates at 0.04s, the fastest speed of our acquisition device
is 0.04s. We believe that this speed is more than enough for a real-time processing system

for a palmprint identification system.,

There are 25 frames per second (fps) and 625 lines on each frame. For those 625
lines, there are only 576 lines used for the picture element. If the square pixel is used with
4:3 aspect ratio, the maximum pixels per line are:

576 x 4/3 = 768 pixels per line
That is, the maximum pixels in a frame for PAL are:
768 x 576 = 442368 pixels

A high speed data bus (PCI version 2.2 or PC104) is used to interface with the
computer for the high data rate generated by the video frame grabber. The data rate
requirement is:

1 frame =768 x 576

= 442368 Bytes (1 Byte per pixel)
1 second =25 fpsx 768 x 576

= 11059200 Bytes

The palmprint acquisition device transmits 11.06 MBytes per second of data to the
host machine. Since the PCI bus channel can operate at 132 MB/s, it can handle the data
produced by the video frame grabber sufficiently. That is, the later stages of the palmpririt

system can take the stream of data from the main memory directly without a bottleneck.

3.5 The Proposed Acquisition Device: Working Principles

Wildes et. al. proposed a framework of image acquisition for an iris recognition system
[60], as shown in Fig. 3.5. The diagram illustrates three subcomponents: physical capture,

illumination and positioning. To guarantee a high image quality, they used a low light
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level black and white silicon intensified target (SIT) camera that the signal obtained from
the camera is then digitized by a frame grabber. For the lighting, they use an array of
lights arranged around the camera which is pointing to the object’s eye to be acquired. In
order to provide a constant lighting environment, they use two filters for ensure uniform

illumination of the eye (iris).

Circular Polarizer

Edges of { =
alignment 4— Diffuser
squares
Q=
Ey Lens Camera > Frame
Grabber
\\ r
(]
Edges of ]
alignment «¢— Diffuser
squares f -

Circular Polarizer

Fig. 3.5 The framework of image acquisition components for an iris recognition system.

The framework of the proposed palmprint acquisition system is similar to Wildes et.
al. The core components of our proposed acquisition device are light source, a lens, a
CCD sensor board, and a video frame grabber. Fig. 3.6 provides an overview of how the
analog signal is obtained from the source (paim) through a lens to the CCD sensor, and

then transformed to digital signal by the video frame grabber. Although all the above
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components can be bought off-the-shelf, the components must be carefully selected and

arranged for optimum performance.

Light

Lens Digitized signal

Analog signal T

/\/\ Video Frame

Grabber
L1 ]

Fig. 3.6 The working principles of a CCD sensor with video frame grabber

3.5.1 Light Source

Lighting is one of the most important factors in the quality of an image. The type of light
source should illuminate the palm uniformly. If, for example, having one side of the palm
i too bright while the other is too dim will not produce images suitable for extracting

palmprint features.

3.5.2 Lens

Another important factor in an optical system is the lens. In order to cover the whole
CCD sensing area and to minimize distortion from the rim of lens, the lens format
(diagonal length) should be larger than the format of the CCD sensor. In our proposed
palmprint acquisition device we eliminate lens distortion, close by the rim, by using a
1/2” lens format with a 1/3” CCD sensor format.

Another important issue of a lens is the Depth of Field (DOF). Palms are not flat
surfaces so the focus from the object plane spans a range of distances. This problem can
be addressed by calculating the required DOF to allow a wider range of distances of the

palm to be brought into focus.
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Fig. 3.7 Large COC is formed by a large aperture in (a), where it can be reduced by

using smaller size of aperture in (b).

When a CCD sensor is placed to capture a sharp image from an object (0}, the near
object (N) forms a blur spot called a circle of confusion (COC) [61], see Fig. 3.7 (a). O’ is
the image of O, and N’ is the image formed by N. As shown in Fig. 3.7 (b), decreasing the
size of the aperture can effectively decrease the blur spot, COCT An aperture is described
by its F-stop ( £, ) which is defined as:

fo=efllca, | (3-1)
where efl is the effective focal length and ca is the clear aperture of the lens. A
smaller blur spot can be produced by using a smaller aperture, shorter focal length and

longer object distance, but while setting a very small aperture does increase the DOF, the
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reduction in light entering the CCD sensor also reduces contrast. We calculated an
optimized aperture value to ensure that enough DOF and sufficient light are provided in

the optical system to achieve the balanced system performance.

3.5.3 CCD Sensor Board

The purpose of a CCD sensor is to convert light signals into electrical signals. The picture
sharpness and resolution of the CCD sensor is related to the Horizontal TV Lines (HTVL)
which are determined by the pixel size and number of pixels in the CCD sensor. In order
to obtain the highest image quality for palmprint feature extraction, one should choose a

CCD sensor with a very high HT VL resolution.

3.5.4 Video Frame Grabber

A video frame grabber is an image digitizer which takes an analog signal from CCD
sensor as input and converts it into a digital signal. The main advantage of using a video

frame grabber is its fast frame rate and short integration time [57-58].



4 USER INTERFACE AND OUTLOOK DESIGN

This Chapter focuses on the design of user interface, and the appearance, specifically the

size and shape, f the device.

4.1 User Interface

The acceptability to users of a particular biometric technology is important in the
selection of a biometric system [1, 13]. Different factors which affect the acceptability of
a device such as user friendliness, case of use, and non-intrusive design. Qur primary
concern was to design a user interface that was intuitive and easy to use, and that would
not stress users or make them feel uncomfortable. The user interface panel must also be
of a design that allows it to be used in the same way by people with palms of different
sizes. We applied the principle of iterative design and problem solving techniques on

the development of the user interface so that the final design is the most suitable.

4.1.1 First Design - Rectangular Shape Hole

The first attempt on the design and implementation of an online palmprint capture device
is led by Prof. Zhang et al. [10]. The user interface is a rectangular glass plate. It is
designed without pegs to guide the placement of a palm. Users are free to put their hand
on the surface of the glass plate during the acquisition process, as see Fig. 4.1 (a).

However, this approach has similar problem to the flatbed scanner, i.e. may cause image
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distortion, which is unsuitabic for palmprint feature extraction. In view of this probiem,
we removed the glass plate, see Fig. 4.1 (b) and found that the image quahty is much
better. However, there are variations in the way individual users placed their hands on the
device, image quality was still not stable with some users even placing their palms

outside the image sensing area. This problem gave rise to our novel flat platen surface

design.

Glass
L plate

Rectangular

e hole

(a) (b)

Fig. 4.1 Ahand is put on the glass plate in (a), while (b) shows the removed glass plate.

4.1.2 Second Design - Flat Platen Surface

We designed an enhanced user interface called flat platen surface for palmprint
acquisition. It is in appropriate size, comfortable to use and able to accommodate most
people. In order to provide better guidelines for correctly placing a palm, we added pegs
as shown in Fig. 4.2. The dotted line area is cropped from the flat platen surface to allow
the CCD camera underneath to acquire the palmprint image. We carried out tests to
determine a suitable size for the flat platen surface and positioning of the pegs. With t};c
current design, we can obtain images from large or small hands, as shown in Figs. 4.3. As

the images show, all the important line features are obtained.
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= Pegs

| Cropped Area

Flat Platen
Surface

Fig. 4.2 Flat platen surface designed for the palm image acquisition with six pegs for

palm guidance

Fig. 4.3 (a) asmall hand, (b) a large hand.

4.1.3 Final Design — Enhanced Flat Platen Surface

Our experience has shown that a proliferation of pegs on the flat platen surface can cause
confusion among users as to how they should place their palms. The ultimate design takes

account of this, and the use of pegs balances user convenience and system stability. As
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shown i Fig. 4.4, the flat platen surface requires only three pegs: a large triangular peg to
guide the middle and ring fingers; one round-shaped peg on the left to guide the index
finger, and one peg on right to guide the little finger. We provide a clear and easy-to-use
user interface and a stable palmprint alignment positioning mechanism. The design of the

flat platen surface is thus satisfactory from both the user and system perspectives.

Pegs

ANN

|- Cropped Area

—+— Flat Platen
Surface

Fig. 4.4 Redesign the pegs on the flat platen surface for user comfort

4.2 The Appearance of the Device

The appearance of the device is a function of its size and shape yet while the shape of the
device is determined by the type of sensor and its architeqture (e.g. its optical path).
There is a number of factors influence the size of a device. Firstly, user prefers a smaller
device but the choice of capacitive sensor is constrained by its size which is incapable to
acquire the entire arca of a palm. We need to use a traditional optical system for the
image acquisition. In the following section we describe the process of designing the
optical system and the appearance of the device, from the first generation to the ﬁ'nal

design. The first two designs are made according to Niu’s idea [10].
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4.2.1 First Design — An L-Shaped Design

The first generation of our design is an L-shaped device with a mirror inside for
reflecting light from the palm to the CCD sensor [10], (Fig. 2.4). The mirror would cut
the optical axis horizontally and vertically thus reducing the height of the device but the
mirror caused degradation of the image quality. Fig. 4.5 shows the palmprint image
obtained by the first version acquisition device in (a), and the palmprint image obtained
by the second version device in (b). The palmprint details in the image produced with the

second version are much clearer.

Fig. 4.5 The palmprint image obtained by the first version of the acquisition device in

(a), and the palmprint image obtained by the second version device in (b).

4.2.2 Second Design - A Long-Tube Horizontal Design

A long-tube horizontal device was designed to address problems arising from the
previous L-shaped design, as shown in Fig. 4.6. Since the most important issue in a
palmprint acquisition device is the image quality, the optical system uses the traditional
straight through optical axis. Here the light source used in the optical system is a light

bulb. This approach greatly improves image quality.
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Fig. 4.6 Second version palmprint acquisition device: long tube horizontal device.

4.2.3 Third Design — A Long-Tube Vertical Design

Users found the horizontal placement of the device in the second design was
inconvenient, so we made it upright while to ensure uniform illumination of the palm we
changed the light source from a light bulb to a fluorescent ring light (Fig. 4.7 (a)). These
changes support users in a more intuitive use of the device, and produce a more

uniformly illuminated palmprint image.

4.2.4 Final Design - Enhanced Short Tube Design

Previous designs proved the lighting environment of the device to be effective so we
were able to use a 6 mm focal length lens to reduce the height of the optical path from
240 mm to 130 mm. Further reduction in focal length could distort the captured image.
The final version of the device was formed by applying the flat platen surface along with
the best light source (ring fluorescent light), as shown in Fig; 4.7 (b). In our proposed
palmprint acquisition device, we use a 1/2” lens format and a 1/3” CCD sensor format so

that lens distortion near its rim is eliminated.

Having fixed the size and shape of the device, we applied the enhanced flat platen
surface as the user interface, completing the design of the size, shape and user interface

of the final palmprint acquisition device.
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Flat platen surface

Black box
L~

Ring light —]

(a) (b)

Fig. 4.7 (a) The third version of the palmprint acquisition device, (b) The final version

of the palmprint acquisition device



5 EVALUATION OF THE ACQUISITION

DEVICE

This Chapter evaluates the performance of our palmprint acquisition system and
demonstrates how the requirements have been satisfied. Here we focus on:

1) resolution

2)  uniform illurmination

3) real ime processing

4) image quality

5) effective palmprint pixels, and

6) real world example of our system

The evaluation result demonstrates how our system satisfied the requirements stated
before. In fact, we used our system to acquire more than 9,400 palmprint images. We
believe that the system is durable enough to be applied to real world applications such as

building entrance control,

5.1 Resolution

Resolution refers to the density of pixels in a given linear area such as an inch. This
“density” is expressed as ppi (pixels per inch) or dpi (dots per inch) [58, 62-66]. The term
ppi (pixels per inch} originated in the world of computers, and dpi (dots per inch) in the

world or printing, but today they are often used interchangeably.
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5.1.1 Horizontal TV Lines (HTVL) Resolution

The picture sharpness and resolution of a CCD sensor is measured in HTVL [67]. Typical
home-use CCDs have only 380 1o 420 HTVL but their quality is far below from our
requirements. Our system uses a black and white CCD sensor board which is a 1/3”
Interline Transfer CCD, with 580 HTVL resolution, and electronic shutter speed is 10 us.

There are 737 x 575 active pixels from an image sensor area of 4.8 mm x 3.6 mm
where the pixel size 1s 6.6 gm x 6.3 gm. The maximum line pair per mm {{pmm,,,,) 15

calculated as [68]:
1
Ipmmmax = Ep 9 (5'1)

where p is the pixel dimension.
A CCD sensor can transmit its maximum line pair only if a black bar falls on a pixel
and a white bar on its neighboring pixel. Since the horizontal pixel size is 6.6 um, the

pixel dimension (p) is equal to 1000 um / 6.6 um = 151, so the maximum number of line

pairs can transmit is (1/2) * 151 = 75 lpmm.

5.1.2 Spatial Resolution

One of the objectives of the proposed system is designed for real-time civilian
applications. To fulfill the real-time requirements, high resolution images are not
desirable since it creates a large image size and requiﬁng more computation time for
processing,. We determined that our proposed palmprint acquisition device can be
operated in medium resolution. The resolution (R) of the palmprint image is defined as:

R = Pw/Ow, (5-2)
where Pw is the width of the resultant image measured in points, and Ow is the width of

the object (palm) in inches.

The target area is 5.1” x 3.8"; whereas the image formed is 768 x 576 points; the
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image resolution is, therefore, 150 dpi. The image resolution can be further reduced to 75
dpi (1/2 of the original) by adjusting the parameters of the video frame grabber, i.e. the
image size is 384 x 288 pixels for 75 dpi. As a result, we provide two different resolutions

for researchers or application developers.

5.2 Evaluation of the Uniform Illumination

5.2.1 Design

We have been emphasizing that uniform illumination of the palm is very important in our
framework. Thus, we perfoﬁncd an experiment to test different types of light source as
shown in Figs. 5.1 (a) - (d), including:

1) Light bulbs

2) Light Emitting Diode (LED)s

3) Cold cathode fluorescent (CCF) lamps

4) Fluorescent lights

Since the LED is a point light source, we used forty white LEDs and arranged them
into four groups, with ten LEDs per group on a bread board with electric wiring to
provide enough illumination for capturing the palmprint image. For the CCF lamp and
fluorescent light, we used a ring shape design to provide better uniform illumination of

the palm.
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Fig. 5.1 Different light sources: (a) light bulb, (b} LEDs, (¢) CCF lamp, and (d)

fluorescent light.

5.2.2 Experiments

We set up a database of 20 hands from 10 volunteers for the testing. Fig. 5.2 shows the
experimental results on uniform illumination of the palm by: (a) light bulb, (b) LEDs, (¢)
CCF lamp, and (d) fluorescent light. Table 5.1 compares the paimprint images in terms of
illumination, contrast and sharpness under different light sources. We found that the
fluorescent light provides the best result. CCF lamp produces the second best result,
while the light bulb recorded the worst: there is uneven illumination on the palm, causing
a brighter lower left part and a dimmer upper right part on the palm. For the LEDs
situation, the palm was badly illumninated. We chose the ring shape fluorescent light as

our light source with reference to the above observations, ensuring uniform illumination

of the palm.
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Table 5.1 Image quality obtained using different light sources.

Uniform illumination Contrast Sharpness
Light bulb Bad Acceptable Good
LEDs Fair Acceptable Fair
CCF lamp Good Acceptable Acceptable
Fluorescent light Good Good Good

Fig. 5.2 Experimental results on uniform illumination of the palm by: (a) light bulb, (b)
LEDs, (c) CCF lamp, and (d) fluorescent light.
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5.3 Evaluation of Real Time Processing

We wrote a program that would grab a frame of a palmprint image from our proposed
device and to transfer it to the main memory. The time for capturing an image is
calculated by: time to obtain one Srame + time to write it to the main memory + latency
time of the CPU. The time to obtain one frame is | second / 25 fps = 0.04 second. We set
up an experiment to calculate the time taken from the start of the acquisition process until
the image is transferred to the main memory.

We performed the experiments using three different speed CPUs that were connected
to a standard hard disk. The total time to store a palmprint image is 0.22s, 0.11s and 0.09s
on CPUs of Pentium 233 MHz, Celeron 950 MHz and Pentium 4 1.8 GHz respectively.
Since the Pentium 233 MHz CPU is installed on an industrial board with an extra
disk-on-chip module, we performed an extra test using DiskOnChip 2000®, and the time
used was 0.11s, half of that of using a normal hard .disk. This implies that the disk speed
is also an important factor in image acquisition speed. We can say that our system can
obtain a palmprint image in real time, even operating in a slow computing environment.
On the other hand, for com;;arison purpose, we acquired a grayscale image from a
scanner with resolution of 150 dpi using a computer running on Windows XP with

Pentium 500 MHz CPU. It took ten seconds for acquiring an image of 874 x 880 in size.

5.4 Evaluation of the Image Quality

The evaluation of image quality is critical to an acquisition system. We tried to analyze
how the palmprint features was acquired by our system. The image quality is independent
of algorithm, i.e. the system is not designed for a special algorithm for palmprint
matching. In view of this circumstance, we do not intend to associate the image quality

with the accuracy of any algorithm used for palmprint identification. There are rich
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features found in a palm. They are classified into three levels: principal lines, wrinkles
and ridges [31]. As a matter of fact, different researchers would like to use different palm
features for their researches. However, we would like to show that our device is abie to
obtain every feature available in a palm.

Fig. 5.3 shows a palmprint image obtained using our device at 150 dpi with
enlargement in two highlighted areas, depicting the three-level features. Fig. 5.4 (a)
shows a palmprint with different resolutions: 75 dpi, 100 dpi, 125 dpi, and 150 dpi. All
the three levels of line features can be obtained using our system at 150 dpi. The finest
level of features (ridges) started to blur as the resolution decreased. B.ased on the
collected 9,400 images, we summarized the findings on the resolution requirements for
different levels of features from a palm in Fig. 5.4 (b). According to the experiment
res-l_JIts, it suggest that all those three leveis of line features can be obtained using
resolution from 125 dpi to 150 dpi, whereas the resolution from 100 dpi to 125 dpi can
only get wrinkles and principal lines. For a resolution of less than 100 dpi, only principal

lines are still clear that is favorable for the feature extraction. More different palmprint

images with size of 420 x 420 cropped from the original images are illustrated in Fig. 5.5.

Fig. 5.3 Palmprint images obtained using our device at 150 dpi.
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Palmprint Features

(b)

Fig. 5.4 A palm with different resolutions at (a): 75 dpi, 100 dpi, 125 dpi, and 150 dpi.r
(b) The resolution requirement for different levels of features from a palm.



Chapter 5: Evaluation of the Acquisition Device 61

Fig. 5.5 Different palmprint images with size of 420 x 420 cropped from the original

images.
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5.5 Evaluation of the Effective Palmprint Pixels

In an ideal situation, our system obtains the palmprint data (functional for palmprint
feature extraction) equivalent to 420 x 420 pixels from the flat platen surface. However,
some non-palmprint pixels are also acquired from the system due 10 a hand with big
rotation or a hand with smaller size, leading to a smaller extracted palmprint.

We carried out an experiment to examine effective palmprint pixeis which can be
extracted from each palmprint image. The purpose of the experiment is to found out the
suitable size of a palmprint for the feature extraction. The database has a total of 9,400
images obtained from 235 individuals using our palmprint acquisition system. The
subjects are mainly students and staff volunteers from The Hong Kong Polytechnic
Untversity, 157 male and 78 female, 10% younger than 20 years old, 78% 20-29 years
old and 12 % older than 30. The experiment results are summarized in Figs. 5.6.

If a palm completely covers the central part of the flat platen surface (the area
enclosed by the white box shown in the figure), our system is able to get a full-size of
420 x 420 pixels of palmprint data, as shown in Fig. 5.6 (a). However, we could only get
as much as 318 x 318 pixels (a number smaller than the expected values) from a child’s
hand, as shown in Fig. 5.6 (b). From Fig. 5.7, it can be seen that by using a 420 x 420
pixels area, only 75% of palms can obtain palmprint data without non-palmprint pixels.
On the other hand, by using a 400 x 400 pixels area, more than 95% of palms can obtain
palmprint data without non-palmprint pixels. The difference is shown in Fig. 5.6 (c)
where the outer white box is the extraction area equivalent to 420 x 420 pixels,
containing some non-palmprint pixels that occurred on the top and the left of the image.
In the inner yellow box, an area of 400 x 400 pixels, we obtained no non-palmprint pixel.
This experimental result suggests that our device is effective on obtaining palmprint data

at 400 x 400 pixels with more than 95% of palms without non-palmprint pixels.
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420 x 420

(b)

400 x 400

Fig. 5.6 Palmprint data extraction: (a) an adult’s palm, (b) a child’s palm, (c) ditference
between extraction area of 400 x 400 and 420 x 420.
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Extraction of Effective Palmprint Pixels
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Fig. 5.7 Experimental results on the extraction of effective palmprint pixels from

different palms.
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5.6 Real World Example

To test the feasibility of our palmprint acquisition system, we connected it to a
recognition engine developed by us [43]. We put the palmprint acquisition system with
the recognition engine together to form a palmprint identification system as seen in Fig.
5.8, which is placed at our laboratory entrance for access control since early March 2003,
All the personnel inside thé laboratory were enrolled in the system at the beginning. We
have been using our palm as the ‘key’ to enter the laboratory. So far, the system has been

running non-stop for more than ten months without any problems,

Fig. 5.8 A palmprint identification system at entrance our own laboratory for access

control.
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6 EXISTING METHODOLOGY AND PROPOSED

METHOD

A biometric identification/verification system includes stages of signal acquisition,
preprocessing, feature extraction and matching. Palmprint identification system is no
exception. In the signal acquisition stage, a palmprint signal is acquired by an image
sensor during enroliment or identification procedure. In-depth details of the design and
implementation of a palmprint acquisition device have already been discussed in Part 1.
This Part is going to discuss the recognition engine based on the line feature extraction
and matching. It involves palmprint signal preprocessing, line feature extraction, and line
matching. There are four chapters in this Part, which guides through the whole
architecture of the proposed method of the recognition engine. In this Chapter, we first
give a literature review on the existing methodology, including palmprint signal
preprocessing, feature extraction, and matching, proposed by different researchers. Next,
we give some introduction to our proposed method. In Chapter 7, we discuss the
proposed idea on the palmprint signal preprocessing, which involves binarization and
edge detection on the palmprint image. In Chapter 8, a line feature extraction algorithm is
discussed by applying knowledge from the palm line structures. We defined rules and
strategics to enhance the performance of correct line feature extraction. Then, the

proposed matching strategies are discussed in detail in Chapter 9. The performance of our
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proposed method including the experimental results is also revealed there.

6.1 Palmprint Signal Preprocessing

The main purpose in this stage is to obtain a sub-palmprint image with rotation and
translation invariance for feature extraction. It 1s tmportant to define a coordinate system
to align different palmprint images. There are different approaches to obtaining the

coordination system [31, 45, 48, 50, 69], described in the following Sections.

6.1.1 Shu et al. Method

This coordination system is determined by using end points 4 and B from the heart line
and life line of a palm [31, 48], see Fig. 6.1. If we can accurately determine points 4 and
B, these points can provide a relative stable coordination system for palmprint feature
extraction. However, according to Shu’s experimental results, if life line and head line are
not intersected, the accuracy rate only achieve 80% whereas rotated and incomplete
image achieved even better results at 94% and 95% respectively. This suggests that the

accuracy of this coordination system can be affected by the intersection of those lines.

Heart Line

Head Line

Life Line

Fig. 6.1 A coordination system proposed by Shu et al.
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6.1.2 Li et al. Method

This coordination system is determined by using the holes created by fingers during the
image acquisition process [69]. There are three finger holes created on the image which
provide tracking paths on the coordination of the palm, see Fig. 6.2. By the calculation on
the centre of gravity from boundaries of holes, we can obtain three key points, &/, k2, and
k3. Then, make a line from 4/ to &3, to form the Y-axis of the palmprint coordination
system. Similarly, make another line perpendicular to the Y-axis through &2 to determine
the origin of the palmprint coordination system. Having established the coordination
system, we can locate a fixed part of sub-image, called “central part sub-image”, for

feature extraction.

3 Finger

Holes ————— Central Part

Fig. 6.2 A coordination system proposed by Liet al.

6.1.3 Han et al. Method

This coordination system is mainly determined by the boundary traced from the middle
finger. The algorithm first locate the end points a, b and ¢ as shown in the Fig. 6.3. Then,
it joins point ¢ and 5 to form a base line and draw a perpendicular line from point ¢
through the mid-point of @ and 4 as the origin [45]. This coordination system depends
heavily on the positioning of the middle finger. A slight change in the orientation of the

middle finger may greatly affect the result of the sub-image extraction.
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Fig. 6.3 A coordination system proposed by Han et al.

6.1.4 Kong’'s Method

There is a specialized device for the acquisition of palinprint image whererthere are three
pegs on the interface to guide the placement of hand. The specialized device provides a
comparatively stable environment for the acquisition of a palm image. There are two
finger holes formed automatically by a palm covering the cropped area from the flat
platen surface, as shown in Fig. 6.4 (a). Then, a list of points can be obtained by
searching for the finger holes from the binary image. Actually, these two finger holes are
key to the determination of the palmprint coordinate system [50]. The major steps of this
coordination system are as follows: |

Step 1:  Binary the image

Use a thresholding technique to convert the original grayscale image to a binary image,
and then use a low-pass filter to smooth the binary image, see Fig. 6.4 (a).

Step 2:  Trace the Boundaries of finger holes

Trace the boundaries of holes H! and H2 to obtain two lists of points. H! is a hole

created between the ring and little fingers, while H2 is a hole created between the index
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and middle fingers, as shown in Fig. 6.4 (b).

Step 3:  Compute the tangent points T1 and T2.

Tangent points T/ and 72 were calculated from the holes f{/ and H2 respectively, as
shown in Fig. 6.4 (¢).

Step 4:  Establish the coordination system

Draw a line pass through 77 and 72 to form the Y-axis of the palmprint coordination
system. Then make another line pass through the midpoint of 77 and 72, which is
perpendicular to the Y-axis to form the origin of the coordination system, see Fig. 6.4 (c).
Step 5:  Central part extraction

Extract a fixed size of sub-image from the coordination system, see Fig. 6.4 (d).

Little finger

Index finger

j Central Part

() (d)

Fig. 6.4 Kong’s coordination system. (a) Original image, (b) boundary tracking, (c)

coordination system established, and (d) central part of a palm.
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6.2 Feature Extraction and Matching

In the feature extraction stage, unique features are extracted from the palm to create
master templates for matching. There are three levels of features found in a palm:
principal lines, wrinkles and ridges. Our device established in previous Chapters obtains
these features in 150 dpi accordingly, as shown in Figs 5.3 — Figs. 5.5. Some researchers
use the whole palm to get the features while some researchers use only the central part
sub-image of a palm. The selected features should possess the properties of low
intra-palm difference and high inter-palm difference. The coming Sections describe
different approaches on palmprint feature extraction and matching schemes, proposed by
different researchers 31, 48, 50, 70].

In the matching stage, the identification template is compared with the master
templates such that the system determines whether they are from the same person.
Different approaches to feature extraction directly affect the types of methods used in the

matching process.

6.2.1 Shu’s method

Feature Extraction

Palmprint data is obtained offline through the scanning on the paper of inked palmprint.
Shu {31, 48] uses short straight line segments as the palmprint feature because they think
that curvature of the principal lines is small enough to be represented by several short
straight line segments. They use four different directional templates (vertical, horizontal,
left and right diagonal) for line segment determination. Then they post process the results
on each directional template. After that, they combined all four directions results and
repeat the post processing to eliminate some overlapped line segments.

Matching

Since the features are made up of short line segments, the matching process is performed
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by calculating the Euclidean distances and angle of inclination between two lines. If both
distances and angles are less than a given threshold, the two lines are regarded as the
same. Their experiment results show that the accuracy rate on rotated image ts 95%, for

incomplete images is 94% whereas the life line and head line unintersection 1s only 80%.

6.2.2 You’'s method

Feature Extraction

You [70] proposed an algorithm that combines the global and local palmprint feature
providing dynamic selection scheme to facilitate the coarse-to-fine pattern matching.
Global Texture Energy (GTE) is used to represent the global palmprint feature which is
characterized by high convergence of inner-palm similarities and good dispersion of
inter-palm discrimination. They borrowed the idea of Law's four most powerful masks
which is believed to be sensitive to visual structure such as edges, ripples and spots [71].
Then, they use adaptive masks which are better for texture features and more sensitive to
horizontal line, vertical line, 45 degree angle line and 135 degree angle line.

At a fine level, they used an interest point based method rather than an edge based
method for the feature representation. They defined the interesting points which are
distinctive and representative from each palmprint image by using a Plessey operator
(72].

Matching

The matching process is defined by using a Hausdorff distance algorithm [73] to search
for portions or partial hidden object. It is a non-linear operator which determines the
degree of mismatch of the two sets by measunng the distance of the point of a model that
is farthest from any point of an object and vice versa. It can be used for palmprint
recognition by comparing two images which are superimposed on one another. The

average accuracy rate is 95%.
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6.2.3 Kong’'s method

Feature Extraction

Kong [50] proposed a texture based algorithm for the feature extraction, which treats the
palmprint as a piece of texture. If the algorithm only uses the principal lines as the
features, it can only provide very low discrimination power as many people have similar
principal lines. Wrinkles proﬁde plentiful of features which increase the discrimination
power and can be used to uniquely identify a person. However, it is difficult to accurately
extract wrinkles. Kong introduced a texture based method using Gabor filter for the
palmprint feature extraction. The circular Gabor filter is an effective tool for texture

analysis [17] with the following general form,

1,2
G(x,y,6,u,0)= 2’:62 exp{ x;; }exp{?,rri(uxcosﬂ+uysin€)}, (6-1)

" where ;.y77; u is the frequency of the sinusoidal wave; @ controls the orientation of the
function and & is the standard deviation of the Gaussian envelope. In order to provide
more robust to brightness variability, a discrete Gabor filter, Gfx, y,6, u,d], is turned to

zero DC with the application of the foilowing formula:

i: iG{f,J’,G, u,0]

G[I, b ) 0} u, 0'] = G[X, W 9: u, 0'] - j:_""":;;n + 1)1 ’ (6-‘2)

where (2n+1) is the size of the filter. In fact, the imaginary part of the Gabor filter

automatically has zero DC because of odd symmetry.

Matching

Each feature vector would be considered as two 2-D feature matrices, real and imaginary
part. The matching score will be determined by a normalized hamming distance. For a
1-to-100 identification, their system can operate at 0.1% false accebtancc rate with 97%

genuine rate. For a one-to-one verification mode of operation, their system can operate at

98% acceptance rate with 0.04% false acceptance rate.
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6.3 The Architecture of Our Proposed Method

There are four stages in our proposed method, as shown in Fig. 6.5. The first stage is the
palmprint acquisition, which was discussed thoroughly in Part Il of the thesis. The
remaining three stages will be discussed in the coming chapters, they are: 1) palmprint

signal preprocessing, 2) line feature extraction, and 3) line matching.

Palmprint _ | Palmprint Signal | | Line Feature | Line
Acquisition | | Preprocessing | Extraction | Matching

Fig. 6.5 Four stages of our proposed method.

1. Palmprint Signal Preprocessing

When a raw palmprint image is acquired by the sensor, usually, there are some noises
added to the image. We need to perform some image processing techniques to enhance it.
We proposed to use the adaptive thresholding method to get a preliminary line map of a
palmprint image in spite of there are a lot of edge detectors. Having obtained the line
information of the image, we applied thinning operation on the image to get the one pixel
width palm line features. Details are shown in Chapter 7.

2. Line Feature Extraction

When the palmprint image has binarized and thinned, it is ready to perform the palm line
extraction process. However, noises are usually added to the thinned palmprint image
which cause problem in the correct line extraction. We here proposed to use a knowledge
based method on the palm line extraction from the preprocessed image. By incorporating
rules from the knowledge of the palm line structures, the performance of correct palm
line extraction is enhanced. Details are shown in Chapter 8.

3. Line Matching

In this stage, the line features from the identification template is compared with the
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master templates such that the system determines whether they are from the same person.
The line features are stored as a set of points in sequence. We first group every six points
into a node, and then we compare the angle for each node to determine a score. If the
angle is less than the threshold, we add the score and the number of comparisons;
otherwise, we only add the number of comparisons. Finally, we get the matching score by

dividing the total score by the number of comparisons. Details are shown in Chapter 9.



7 PALMPRINT PREPROCESSING

In the palmprint signal preprocessing stage, some image enhancement procedures are
performed to reduce noises. Here we applied a lowpass filter (i.e. Gaussian) to the
original image to smooth it. Next, a coordination system is established to locate the
palmprint data from the raw image. We adopted the coordination method proposed by
Kong for the central part extraction since it has conceming the stable positioning of palm
by the design of user interface. Then, we need to do the binarization of the image to get
the preliminary line map of a palmprint image. Although different filters are designed for
edge and line detection, such as Laplacian of Gaussian (LoG) and Canny edge detector,
they are not effective on the palm lines extraction since they are all dependent on the
global thresholding technique which is not good for the peculiarity line features of a palm.
Detail discussions on traditional edge detection techniques are presented in Section 7.1.
We proposed to use the adaptive thresholding method to get the preliminary line map of a
palmprint image as it gets better result. Next, we perform thinning operation on the line
map to get the one pixel width palm line features. Detail discussions on the thresholding

technigues are reported in Section 7.2 and the conclusions are given on Section 7.3.
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7.1 Edge Detection Techniques

Edge detection is the fundamental process for different image processing, image
understanding and pattern recognition appliqations {74]. Edges characterize boundaries
and refer to the regions which have abrupt changes of grayscale values hence they can be
extracted by detecting the changes. Gradient magnitude describes the strength of an edge,
while the gradient orientation indicates the di'rection of the edge. However, there is no
universal algorithm that is best for all kinds of images. Generally, an algorithm has a set
of parameters, which needs to be optimized by experiments to fit for a specific
application. There are different filters designed for the edge and line detection, including:
Zero Crossing Detector, Laplacian / Laplacian of Gaussian (LoG), Sobel edge detector
and Canny edge detector, etc. The following sub-sections describe the principals of Sobel,
LoG, and Canny, and performed experiments using these edge detectors.

Figs. 7.1 show the palmprint images which have: (a) full of wrinkles, (b) very
strong principal lines and strong wrinkles, (c) very weak and blurred lines, and (d) clear
principal lines. These images are the central part sub-image obtained by using Kong’s
algorithm. All the experiments performed in the coming Sections are using these same

sets of images.
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Fig. 7.1 Central part sub-image of different palmprints.

7.1.1 Sobel

The Sobel edge detector makes use of a pair of convolution kernels. One is used to detect
vertical edges and the other is for horizontal edges. The convolution results from the
horizontal and vertical Sobel edge detectors are then combined to form the absolute

gradient magnitude of the image [75].

Experimental Results

The source images are shown in Figs. 7.1, while results are shown in Figs. 7.2, generated

by MATLAB 6.1. We have tuned the best threshold such that the output is the most
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appropriate for comparison. The threshold values used in Figs. 7.2 are: (a) 0.022, (b)
0.015, (¢) 0.025, and (d) 0.03. It seems that those lines extracted are messy with no clear

line structures formed.

(a) (b) (c) (d)

Fig. 7.2 Results obtained by Sobel edge detector.

7.1.2 LoG

Laplacian of Gaussian (LoG), on the other hand, is the second derivative of Gaussian that
tries to balance the noise suppression and edge detection. It is common to smooth the
image by a Gaussian filter before applying the Laplacian. LoG is the combinations of the
two operations into one single operator. [76)
Experimental Results
The source images are shown in Figs. 7.1, while results are shown in Figs. 7.3, generated
by MATLAB 6.1. We have tuned the parameters of the threshold and sigma such that the
output is the most appropriate for comparison. The threshold (f) and sigma (&) values
used in Figs. 7.3 are: (a} 1 =0.008and & =1.4;(b) r =0.008and 6 =14;(c) ¢+ =
0.008and & =12;(d) + =0.004and & =1.5.

There are some double lines which are enclosing the palm lines because of its zero
crossing characteristics. For those weak palm lines images, the output is come to a chaos

and difficult to differentiate the lines from the zero crossing points.
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Fig. 7.3 Results obtained by LoG edge detector.

7.1.3 Canny

Canny edge detector [77] is one of the most famous edge detectors in the field of image
processing. It takes a grayscale image as input and produces an output with the tracks of
intensity discontinuities. The image is first smoothed by Gaussian filter, and then a
simple 2D first derivative operator is applied to the smoothed image to highlight regions
with high spatial derivatives from the image. After that, it tracks along those regions and
suppresses any pixels that are not at the maximum called non-maximal suppression. This
process was controlled by two thresholds, 7/ and 72, where 72 > T1. Tracking only begin
at a point on edge higher than 72, and then continues in both directions from that point

until the height of the edge dropped below 77.

Experimental Results

The source images are shown in Figs. 7.1, while the results are shown in Figs. 7.4,
generated by MATLAB 6.1. We have tuned the parameters of the threshold and sigma
such that the output is the most appropriate for comparison. The threshold (t) and
sigma (&) values used in Figs. 74 are: (a) + =05and § =05;(b) r =05and &

=06;(c) + =05and § =09;(d) + =04and & =1.0.
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The results are apparently better than that of Sobel and LoG edge detectors.
However, it is still not good enough in the case of ‘full of wrinkles’. In addition, Canny
has the property of multi-resolution, i.e. by using different values of parameters such as
sigma or threshold; we can get different details of line features from it. We must perform
multiple passes on the image witﬁ different parameter values, to exploit all the different

levels of lines features making it more complicated and hard to determine suitable

parameters.

(b) (c) (d)

Fig. 7.4 Results obtained by Canny edge detector.

7.2 Thresholding Techniques

Apart from different edge detectors using gradient magnitude to find the edges,
thresholding is another common approach which is able to separate the objects (edge)
from the background, by analyzing the distribution of grayscale values of the image. If a
pixel has an intensity value less than a predefined threshold value, the corresponding
pixel in the resultant image is set to background (0), otherwise set to object (/). Generally,
the performance of image thresholding methods are application dependent where no
single method suitable for all kinds of images.

Thresholding methods can be categorized into two classes: global and local. In
global thresholding method, one threshold value is chosen for the whole image [78-82].

In contrast, a threshold value is chosen for each small region or even in each pixel for
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local adaptive thresholding method [83-91]. The global thresholding method is much
efficient than local thresholding method since it has less computation involved. However,
it 1s hard to define a good threshold value. Some global thresholding methods use the
statistics on the histogram of the grayscale image to determine the threshold value, but it
is not reliable since most of the images do not have clear peaks from the histogram. So,
the adaptive thresholding methods are evolved to solve the problems from global

thresholding methods.

7.2.1 Common Thresholding Methods

Otsu’s thresholding method [92] is a well known method which is based on selecting the
lowest point between two classes (peaks) of histogram. However, it uses an exhaustive
search to evaluate the criteria for maximizing the between-class variance so that it takes a
lot of computation time.

Chow and Kanenko [83] divide an image into an array of overlapping sub-images
and then find the optimum threshold for each sub-image by investigating its histogram.
The threshold for each single pixel is obtained by interpolating the results of the
sub-images.

Niblack’s method [84] proposed to threshold an image by calculating the mean and
standard  deviation. The threshold at pixel (%)) 1s calculated by:
T(x,y)=m(x,y)+ ksd(x,y), where m is the mean value of pixels from a local window,
sd(x,y) 1s the standard deviation of the pixel values among the local window, and & is a

constant used to adjust the performance of this algorithm.

7.2.2 Proposed Method - Adaptive Thresholding

The principal lines generally lie in a specific region on a palm, formed by flexing the

hand and wrist in the palm, but those wrinkles go through all different directions. It is
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hard to correctly extract the principal lines alone from a palm. Although our palmprint
acquisition device 1s capable of obtaining the finest level of features - ridges, we found
that not everybody has clear ridges on thetr palm. In view of this situation, our goal is
only to get the major palm lines which are strong enough for the extraction. And most
likely, these lines are the principal lines and wrinkles, but not ridges.

From the literature, Wu [93] uses the Canny edge detector to obtain the line features
from a palm. Every lin¢ has two step-edges, and the width of the line is calculated by the
distance between the two step-edges. The accuracy of their algorithm is dependent on the
performance of the line features extracted. Their best recognition rate is 97.2%. We
already evaluated the performance of some edge detectors and found that they are not
satisfied on the palm lines extraction.

Here, we tried to use the adaptive thresholding method for the palm lines extraction.
The main difference between adaptive thresholding method and global thresholding
methods 1s former’s thresholding value is not fixed. The threshold value keeps changing
across the image, which is local to the image position. The rationale behind this is that we
believe a small region in an image is more likely to have approximately uniform
illumination, which gives a better result. There are different groups of people proposed
their own adaptive thresholding method for image binarization. Our approach is
borrowed from Niblack’s method, by dividing an image into several overlapping regions,
and then calculates the mean and standard deviation of the local region minus some
adjustment constant to define the threshold value. We also added a false line removal
process to detect regions with small grayscale values spread which was wrongly regarded
as a line. The steps are described as follow:

Step 1: Window size selection

The window size M x N is an important parameter for this algorithm. We believe that a
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smaller image region is more likely to have approximately uniform illumination. Too
small window size makes the threshold susceptible to noise, but too large window size is

violating the assumption of approximately uniform illumination. We must take care on

the selection of this parameter by experiments.
Step 2: Sample mean (x) and standard deviation (o) calculation
Calculate the sample mean (x) and standard deviation (o) of the pixel intensity values

on the region specified by the window size M x N fromstep 1.

Step 3: False line removal process
if (Prigh — Piow) > €
proceed to next step for the thresholding value calculation,

else set B(x, }'z) to background,
where Py and Py, is the highest and lowest intensity value from the local window, and
¢ 1s a constant.

The purpose of this step 1s to detect some regions where the grayscale values spread
out in only small ranges may wrongly regarded as a line. If the difference between the
highest and lowest values is less than a given constant, the pixel is regarded as

background.

Step 4:  Adaptive Thresholding calculation

[0 i Hey)sToy) :
B(x’y)—{l i 1(x,y)>T(xy) ("0

where T(x,y)=x— ko ; and k is a constant determined by experiments.

There are some width information on the binarized image map from the above steps. In
order to get a better line representation of a palm, we performed a thinning process which
can effectively outline the skeleton of the thick palm lines, into a one-pixel line

representation. Some common thinning methods are reported in [94-95].
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7.2.3 Experimental Resuits

The source images are shown in Figs. 7.1, while results are shown in Figs. 7.5. Our
proposed method 1s implemented by MS Visual C++ 6.0. We have tuned the parameters
of the window size (W), constant {(c) to detect false line, and another constant (k) to adjust
the performance, such that the output is the most appropriate for comparison. The
parameters used in Figs. 7.5 are: (a) W =13, k=7and ¢c=15;(b) W=13, k=7 andc =
15;(c}y W=11,k=11and ¢ = 15; (d) =13, k= 6 and c = 15. Also, we have removed

the lines with less than 15 pixels.

s
//},',;;;:.1,

PRl

Pty
S S D

Fig. 7.5 Results obtained by Adaptive Thresholding.

It is apparent that even though the palmprint line features are very weak, we can still
extract them appropriately. For those very strong principal lines and strong wrinkles, our
method also performs well. By the way, this preliminary line map of the palmprint image
can only provide an intermediate stage of result, as there are some artifacts such as
broken lines, noise, etc on the map. It directs us to develop a knowledge based method to

refine the result as revealed in the next Chapter.



Chapter 7: Palmprint Preprocessing 89

7.3 Conclusions

Traditional edge detection techniques cannot extract the palm lines effectively because
they are all dependent on the global thresholding technique which is not good for the
peculiarity line features of a palm. Adaptive thresholding technique, on the other hand,
uses a local window to calculate the thresholding value which is performed better than
the global thresholding method. We first calculate the mean and standard deviation of the
local region which then minus some adjustment constant to define the local threshold
value. To avoid false line extraction, there is a checking process to detect regions with
small grayscale values spreading which may in tum wrongly regarded as a line. From the
experimental results, we found that Canny has the property of multi-resolution, i.e. by
using different values of parameter such as sigma or threshold; we can get different
details of line features from it. We must perform multiple passes on the image with
different parameter values to exploit all the different levels of lines features. This makes
the algorithm more complicated. Also, there must be some knowledge based rules on
determining how to combine the output from different level of lines obtained.

For our proposed method, only few steps are needed to obtain all details of palm
lines. It provides a solid foundation on the successive palm line features extraction. Next
Chapter will discuss the line feature extraction incorporating knowledge of palm line

structures.



8 LINE FEATURE EXTRACTION

INCORPORATING KNOWLEDGE

We proposed to use a knowledge based method on the palm line extraction from the
preliminary line map obtained by adaptive thresholding. We first defined the properties of
line structures and line segments to create a palmprint strﬁcture map. Next, we designed
the searching strategies to exploit the structural information of a palm. Some rules were
established on solving the problems of 1) isolated points, 2) broken lines, 3) short
bifurcation lines, 4) crossed over lines, and 5) looped lines. Finally, some line operations
are also defined on joining or splitting a line so that they are more close to the onginal

lines exists in the palm.

8.1 Create a Palmprint Structural Map

A palmprint structural map includes line structures and isolated points are shown in Figs.
8.1. We first classify each point into a category, according to its characteristic. Hilditch
[96] defined the crossing number of a pixel, centered in a 9-grid window, X, (p), which

is the number of times counting the cross over from a white point to a biack point when

the points in AN(p) are traversed in order, cutting the cormer between 8-adjacent
neighbors, There are four types of points from the preliminary line map can be obtained

by the crossing number, which are:
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1) Type 0 —isolation point, with crossing number equals to 0,

2)  Type 1 — end point, with crossing number equals to 1,

3) Type 2 — intermediate point, with crossing number equals to 2, and

4) Type 3 — bifurcation point, with crossing numbers equal to 3/4.

Since both crossing numbers 3 and 4 exhibit the same properties — bifurcation, we put
them to the same class, type 3.

A line structure is formed by one or more line segments. In Fig. 8.1 (a), there are
two line structures and one isolated point, while Fig. 8.1 (b) uses the crossing numbers to
describe the same line structures. The definitions of end point and bifurcation point are
marked by blue and green circles respectively in the figure. These characteristics give the
basic structures of palm line from the palmprint image. For example, there are six line
segments on line structure 1 while there is only one line segment appeared in line

structure 2.

End point Isolated point

s 1

Is 2

line structure 2

line segment

(a) (b)

Fig. 8.1 Portion of palmprint structural map: {a) two line structures and an isolated

point, (b) the crossing number of each pixel.
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The major steps on creating the palmprint structural map are described as follow:

Step 1:  Find all crossing numbers

Search the whole image pixel by pixel to get the type of each pixel.

Step 2:  Point Classification

® For all those type 1 and type 3 points, they are the start point of searching.

® For all type 0 points, they are 1solated points which are only useful when joining
from broken lines.

® For all type 2 points, they are the intermediate points of a line, and guides on the
searching.

Step 3:  Trace from type 3 point (a bifurcation point)

The trace is started with a bifurcation point which goes through all its three/four branches,

i.e. traced for 3/4 times. The trace follows the type 2 points until it meets a type 1 or 3

points. For example, there are two type 3 points in fline structure I from Fig. 8.1 (a).

When the trace is started from the first type 3 point where its crossing number equals to 3,

we can get the following line segments (Is):

1. 3,2,2,2,1(s 1)

2. 3,2,2,1(52)

3. 03,2,2,2,4(s 3)

When the trace is started from the second type 3 point where its crossing number equals

to 4, we can get the following line segments:

1. 4,2,2,2, 3 (since this line segment is duplicated, we dropped this /ine segment)

2. 42,214

3. 4,2,1(0s5)

4. 4,1(Is06)

The respective line segments are shown in Fig. 8.1 (a).
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Step 4:  Trace from type 1 point (an end point).

The trace follows the type 2 point unti] it meets a type 1 or 3 point. The only purpose of
tracing from an end point is to get the type of line which are end point to end point, i.e.
start with a type | point and ended with a type 1 point. This type of line structure is
regarded as a short line or regular line depends on its length, and there is only one line
segment in this type of structure. When the trace is started from a type 1 point, we can get

the following line segments:

L 1,2,2,2,3 ~

2. 1,2,2,3

3. 1,4 F Traced from line structure 1

4. 1,2,2,4

5. 1,2,4 J

6. 1,2,2,2,2,2,2,2,1

7. 1.2,2,2,2,2,2,2,1 } Traced from both ends of line structure 2

According to our purpose, we only take the line segments with type 1 point to type 1
point (i.. to get the regular lines) , and ignore the remaining. So, we only consider the 6™
and 7" lines from the above traces. Also, both 6™ and 7™ line segments are the same (by
tracing from opposite direction), we only take one of them as the final line segment for
the next stage processing.

After performing the above four steps, we can get all the line structures to form a

complete palmprint structural map.

8.2 Properties of Line Segment

Every line segment from a line structure has three properties, including: 1) length, 2)

direction and 3) type, described as follow:
1} Length of a line segment

It is important to know the length of a line segment since we can use this ‘knowledge’ to

determine whether the line segment can be ignored, joined with another line segment, or
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leave it as is. For example, if a line segment grows from a bifurcation point which 1s
shorter than a predefined length, i.e. 3 pixels, we can disregard and remove it from the
palmprint structural map. On the other hand, if it is longer than a predefined length, 1.e.
16 pixels, we treat it as a normal line, etc.

The length can be calculated by:

Length = (x, —x)* + (2 = 3" , (8-1)
where (x,,y,) and (x,,y,) are the start point and end point of a line segment,

respectively.
2) Direction of a line segment

The direction of a particular line segment indicates the relationship between different line
segments originated from a bifurcation point. From the literature of fingerprint, there are
different methods proposed to estimate the orientation field of a fingerprint image, see
[97-99]. A smooth orientation field fingerprint image can be estimated by its ndge
structures using Rao’s algorithm [99]. In our study, however, there is no need to perform
those complicated calculations to get the orientation field of line segments from the
palmprint image. Th;: purpose on getting the direction of line segments is to determine
the line operations, such as join or split from a bifurcation point, if necessary. The
direction of a line segment is calculated by two points, one is the point of bifurcation
(x5, ¥»), while the other point, (x,, ), 1s defined by tracing points from the bifurcation
point with a predefined distance, i.e. 12 pixels. If the length of the line segment is less
than the predefined distance, then (x,, y,) is the position of the last pixel. We have
defined 8 directions, from 0 to 7, which is calculated by the quantization of an angle

between the line segments:
Direction = abs(8/22.5), (8-2)

where
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Angle (8) = tan~ X275 (8-3)
(}’2 ‘)"l)

where (x,y,) and (x,,y,} are the end points of a line segment.

3) Type of a line segment

There are three types of line segments from the palm line structures, they are:
i. Type I: bifurcation-to-bifurcation (b-b)
it. 1ype 2. bifurcation-to-ending (b-e)

iii. Type 3: ending-to-ending fe-¢)

Having classified the type of points on the preliminary line map of a palmprint image, we
can further define the type of line by looking at the type of its ends. For example, line .
segments (/s) 1, 2, 4, 5, and 6 from line structure I in Fig. 8.1 (a) are regarded as a type 2
line segment, while Is 3 is regarded as a type | line segment. Finally, the regular line

segment in line structure 2 is regarded as a type 3 line segment.

8.3 Searching Strategies

' 8.3.1 Searching from a Bifurcation Point

The search startiné from a bifurcation point needs to run » times where n equal to the
number of branches it has. Here we use the term ‘branch’ to describe the line segment
traced from a bifurcation point(s) since branch is more appropriate word in this context.
Four typical cases of problems can be exploited by this search, they are: 1) single
bifurcation, 2) complex bifurcation — looping, 3) complex Biﬁircation — crossover, and 4)
complex bifurcation - others. There is a split operation performed on this search in order
to remove the ‘bifurcation point’ (marked in blue color as seen from Figs. 8.2) and the
first pixel of each branch started from that bifurcation point (marked in red color as seen
from Figs. 8.2) such that all the line segments are broken down. The main purposes of

this split operation are to make the messy lines separated and to remove some possible



Chapter 8 Line Feature Extraction Incorporating Knowledge 97

wrong lines formed. They may be joined together or removed at later stage if they meet
the joining or removing criteria.

Case I: Single bifurcation

There is only one bifurcation point in a set of connected line segments, as shown in Figs.

8.2 (al and a2). The resulting line structure is shown in Fig. 8.2 (a3) with some points

removed.
(al) (a3) (b1) (b2) (b3)

b e \;‘ §
AN 3,

(cl) (c2) (c3) (dl) (d2) (d3)

(e)

Fig. 8.2 Five typical line structures found in a preliminary line map of a palmprint

image.
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Case 2: Complex bifurcation - Looping

It 1s formed when two bifurcation points are closed together in parailel to form a looping
line structure, as shown in Figs. 8.2 (b1 and b2). The resulting line structure is shown in
Fig. 8.2 (b3) with some points removed.

Case 3: Complex bifurcation — Crossover

This case is formed by one or more bifurcation points appeared together to form a crossed
line structure, as shown in Figs. 8.2 (c1 and c2). The resulting line structure is shown in
Fig. 8.2 (c3) with some points removed. This scenario is a more complex one and more
knowledge are required for the line operations. In-depth discussion is found on later
Section.

Case 4: Complex bifurcation — Others

This case is formed by more than one bifurcation points appeared together to form a
complex line structure, but it is not one of the above cases. Here we take an example of
two bifurcations points with one common branch in a line structure, as shown in Figs. 8.2
(dl and d2). The resulting line structure is shown in Fig. 8.2 (d3) with some points

removed.

8.3.2 Searching from an End Point

This searching strategy is purposed on exploiting the regular lines found in the
preliminary line map of a palmprint image. We only take care on type 3 branches, i.e.
ending-to-ending.

Case 5: Regular line

There is only one line segment appeared in a line structure for regular line, i.e. no
bifurcation point appeared, as shown in Fig. 8.2 (e). If the length of this type 3 line is less

then a given threshold, i.e. 3 pixels, then it is removed from the palmprint structural map.
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8.4 Line Operations

Having defined the properties of line segment and searching strategies, we can define the
line operations and the rules governing those operations target on solving the five major

problems, i.e. isolated points, broken lines, short bifurcation lines, crossed over lines, and

looped lines.

8.4.1 Handling Isolated Points

This scenario is produced by the noise of the palmprint image. It is identified by a point
with crossing number equals to zero, i.e. type 0 point, as shown in Fig. 8.1 (a). We can

solve this problem by deleting all type 0 points from the map directly.

8.4.2 Handling Broken Lines

Most of time, there are noises appeared on the binary thinned image so that a line is easily
broken into a few shorter line segments. The following steps are defined for the purpose
of connecting broken short line segments into a single, complete line.

Step 1: Find a set of candidate(s)

If there are two or more lines which are opposite to each other, with a distance less than a
given threshold value, i.e. 6 pixels, then we can put these lines in a candidate set for the
calculations in steps 2 to 7.

Srep 2: Calculate angles (8,, 6,) of the lines concerned.

First take two lines (line 1 and line 2) from the set of candidates, with end points (i, /)
and (i, j,) respectively. Then, the angles € and 4, of these two lines can be
calculated from the position starting from that end point with n™ pixels tracing from it, i.e.
16 pixels, which are (x,, »,) and (x,, y,) respectively, as shown in Fig. 8.3.

6, =tan ' Y= (8-4)
(f, —x))



100 Part IIl: Effective Palm Line Extraction

where (i, j;) and (x,, y,) are the end points of line 1.

0, = tan " (y2—J2) (8-5)

(xy —i3) ,

where (i, j,} and (x,, y,) are the end points of line 2.

Step 3:  Calculate angle (6, ) between the lines concerned.
The direction of a line starting from (i, j, }and ended at (i,, 7,) is defined as 6,, as
shown in Fig. 8.3. The calculation is similar to equation (8-3).

Step 4: Determine the angle difference between the two lines

The absolute difference of two angles, 8, , from two lines should be close to 180°.

6, =180°-|6, - 4| (8-6)
If the resulting angle is within the range of +60°, proceéd to next step.
Step 5: Determine the smooth flow of the joining line
Similarly, both the angle differences between (8, -6,) and (6, - 8,) should be less
than 160, so that the direction of a line can only be changed smoothly,
Step 6: Determine the distance between two lines
The distance between the two endings must be less than a given value, i.e. 6 pixels.
Step 7:  Choose the best segment to join.
Every line has its start point and end point. We calculate the best matching line it can join
to, if there is one, according to the above criteria. We only perform joining operation if
and only if both lines have best matching line from each other. For example, from Table
8.1, we found that both line 1°s end and line 2’s end are best rﬁatched with line 3’s start,
but the best matching line from line 3’s start is pointed to line 2’s end. That means the

join operation can only performed on line 2’s end with line 3’s start.
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Table 8.1 Line joining table.

Line number Start/End Point Best Matching
| Start N/A
1 End 3 Start
2 Start 1 End
2 End 3 Start
3 Start 2 End
3 End N/A

(1, m)

Fig. 8.3 Illustration of the points and angles involved on broken line structures.

8.4.3 Handling Short Bifurcations

Short bifurcations are formed by two possible situations: 1) noise occurred to break down
the regular bifurcation segments, i.e. it should be a regular bifurcation segment with 3
long branches. 2) Noise occurred to add a ‘wrong’ branch to form the bifurcation point.
As revealed from the searching strategy on single bifurcation, we have removed
bifurcation point to form three separate line segments. For the first problem as shown in

Fig. 8.4 (al), there is another short line near the short bifurcation line, and finally, they
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Joined together by the “broken line strategy” routines as described in Section 8.4.2 since

the criteria of join operation have met, as shown in Fig. 8.4 (a2). For the second problem

shown in Fig. 8.4 (bl), there is no line nearby the short line created by the bifurcation, so

we removed this short bifurcation branch to obtain a smooth line, as shown in Fig. 8.4

(b2).

Vy

(al) (a2) (b1) (b2)

Fig. 8.4 Two cases on bifurcation: (a) a short line nearby, and (b) no short line nearby.

8.4.4 Handling Crossed Over Lines

Crossed over lines are formed by one or more bifurcation points together appeared in the

same line structure. We first trace from the bifurcation point, and perform the “broken

line strategy” routine as described in Section 8.4.2. There are at least four possible line

structures formed as follow, from Is (O, @, @, and @, as referring to Fig. 8.2 (c1):

1.

2.

Is (D joined with Is @ whilels @ joined withIs (3,

Is (D joined with Is ® whilels @D joined with Is @,

Is (D joined with /s @& whilels @ and /s @ are separated lines which cannot
be joined together, and

Is @ joined with Is & while Is (D and /s @ are separated lines which cannot

be joined together.
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Any cases of join/non-join operations are totally determined by the rules defined and
knowledge obtained from the angles involved between the line segments and the

properties of the line segments involved.

8.4.5 Handling Looped Lines

Loop is formed when two bifurcations appeared close together in a line structure, but
there is different possible physical layout. Basically, there are four line segments: /s (D,

@, @, and ® appeared to form a loop in the line structure with three types of layouts

as shown in Figs. 8.5, they are:

1. left and right branch symmetry, as shown in Fig. 8.5 (al),

2. left branch is a large curved line while right branch is nearly a straight hine, as

- shownin Fig. 8.5 (bl), and

3. flipped of the second layout, as shown in Fig. 8.5 (c1).
Actually, when we found that there are bifurcations at a line structure, we removed the
bifurcation point and its immediate point on each branches, as mentioned in Section 8.3.1.
Then we trace from each bifurcation point, and perform the “broken line strategy” routine
as described in Section 8.4.2. For layouts 2 and 3 from Figs. 8.5 (bl and c1), a smooth
line can be formed easily by joining the upper /s (D) to bottom /s (® through Is 3 (left
loop), or through /s & (right loop), respectively, i.e. where the best matching line is
formed. That is, the branch marked in red color in Figs. 8.5 (b2 and c2) are voided so that
the looped line structure are cleared and the resulting line structures are shown in Figs.
8.5 (b3 and ¢3). On the other hand, in case of the first layout from Fig. 8.5 (al) where the
best matching line may be not formed since both sides may get similar significance, 1.€.
the best matching line of Is ()’s end is Is ()’s start while the best matching line of /s

(T¥'s end is Is (@’s start, so that no line segment can be joined together according to the
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rules. So we adopted an additional routine to solve this problem. We need to look forward
for one more line to figure out the best matching line, if any. In fact, Is (D’s end and /s
(®’s start are the best matching using this additional rule. We can join them together by a
blue line, and voided the branches @ and () marked in red color, as shown in Fig. 8.5

(a2) and the resulted line segment is shown in Fig. 8.5 (a3).

%%\%E

(al) (a2) (al)

A

(cl) (c2) (c3)

(b3)

Fig. 8.5 Three typical layouts of a looped line structure.

8.5 Line Curvature Checking

When the lines were extracted from the palmprint structural mai) using prior knowledge,
the lines formed may be not close to the original palm lines. According to our experiences,
the direction of a line is usually changed smoothly, i.e. without abrupt changes in
direction. In view of this characteristic, we should add a procedure to check whether the
lines obtained by our procedures are conformed to the natural characteristics of palm

Pao Yue-kong Library
PolyU ¢« Hong Ilong
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lines. Fig. 8.6 (a) shows a line with acceptable curvature while Fig. 8.6 (b) shows a line

with exceptional large curvature with large D and big angle created.

End Point, £
=7,

End Point, E

line; .
! line;

Start Point, § Start Point, S
(a) (b

Fig. 8.6 (a)a normal curved line, and (b) a large curved line.

Let the line to be checked is called line; the following are steps of line checking:
Step I:  Find the point of maximum distance
Make a straight line joining the start point (S) and end point (E) of /line, called /ine;, then,
find a point (L) from line; which has the longest distance D and is perpendicular to line;.
Step 2:  Check the angle involved
If distance D is longer than a predefined threshold, then we need to check the angle
ZSLE at point L from line; to see whether it is close to 180°, i.e. a smooth line.

angle (8) =180- ZSLE (8-7)
If angle (8) is larger than the threshold, then we need to further check the line

according to the pseudo code listed in Step 3 to see whether we need to split the line.
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Step 3:  Pseudo Code for the Line Curvature Checking

do {
if line length > 20

if angle (8) > 40
set the current point (L) as end point
check again until we found the best splitting point
set splitting to true

else
if (splitting != true) then exit
split the line at the current point position
set the start point to current point position
set end point egqual to End Point (E)
check the remaining points to see whether we need to split
set splitting to false

else

if angle (8) > 30
set the current point (L) as end point
check again until we found the best splitting point
set splitting to true

else
if (splitting != true) then exit
set the start point to current point position
set end péint egual to End Point (E)
check the remaining peints to see whether we need to split
set splitting to false

)} while checking not finished.
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8.6 Sample Results

We collected a set of experiment results in order to demonstrate the performance of our
proposed method based on the knowledge from the line structures. The samples
illustrated are obtained from the preliminary line map of a palmprint image as described
in Section 7.2.2 of Chapter 7.

There are five knowlédge based method targeted on handling problems of (D
isolated points, @ broken lines, (® short bifurcation lines, & crossed over lines, and
(® looped lines, respectively. Figs. 8.7 and Figs. 8.8 list examples on those mentioned
problems. All the palm lines shown in the sample images have minimum line length of 20
pixels. The lefimost column is the original central part sub-image of a palm. The
preliminary line map of palmprint images are shown in the middle column, while the
final images are shown in the rightmost column. There are pink colored circles with a
number near it on identifying the type of problems were solved, i.e. (O points to the
problem of isolated points, to show the effectiveness of our method.

From the sample results, we can say that using knowledge from the palm line
structures can effectively enhance therperformance on palm line extraction, compared

with the preliminary line map of a palmprint image at the middle column.
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Fig. 8.7 From left to right: original central part sub-image of a palm, preliminary line
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map of palmprint images and final images.



Chapter 8: Line Feature Extraction Incorporating Knowledge 109

Fig. 8.8 More sample results, from left to right: original central part sub-image of a

palm, preliminary line map of a palmprint images and final images.



110 Part III: Effective Paim Line Extraction

8.7 Conclusions

There are five major problems from the preliminary line map of a palmprint image, they
are: 1} isolated points, 2) broken lines, 3) short bifurcation lines, 4) crossed over lines,
and 5) looped lines. In this Chapter, we proposed a method to promote the accuracy of
palm line extraction by incorporating knowledge. We first defined the bifurcation points
and end points in a palmprint image to create sets of line segments and structures, and
finally formed the complete palmprint structural map. Next, we defined the properties
and type of line segment. Then, we also defined searching strategies to exploit the whole
structural information of a palm, they are: 1) single bifurcation, 2) complex bifurcation ~
looping, 3) complex bifurcation — crossover, 4) complex bifurcation — other cases, and 5)
single line. We defined some rules on line operations for joining or splitting a line so as
to correct the problems occurred. Different problems are solved, such as: 1) isolated
points, 2) broken lines, 3) short bifurcation lines, 4) crossed over lines, and 5) looped
lines. As shown from the images on the sample results, all the problems mentioned are
solved. We can conclude that by incorporating the above rules with the knowledge from

the palm line structures, the major palm lines can be extracted effectively.



9 MATCHING OF PALM LINES

In line matching stage, the identification template is compared with the master templates
such that the system determines whether they are come from the same person. There are
different methods on matching two set of features, but the selections are highly dependent
on the type of features and their representations. Some matching strategies on palmprint
are proposed by different researchers [31, 45, 48, 50-51]. We have defined rules on
tracing lines from the palmprint image as discussed in Chapter 8. All lines are stored as a
set of points in sequence. Our strategies on matching are designed by first defining a
bounding box to limit the searching area. Next, we divide each line into shorter line
called nodes, and an angle comparison is performed node by node to give the similarity

scores. The higher scores of two palms mean the more similar they are.

9.1 Matching Strategies

Matching of palm lines is to find the differences between two palms, / and j. There are
four major steps on the matching strategies, they are:

Step I:  Define a bounding box

We first defined the points (x, y,} and (x,, y,), which is the start point and end point
of palm i, respectively. Then, we use (x,,y,) as the upper left comer and (x,, y,) as
lower right corner to make a rectangle box called “bounding box™. Fig. 9.1 (a) shows the

line from pafm i and Fig. 9.1 (b) shows the line from palm j, with the bounding box
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marked by dotted lines. In order to take care on the translation problem, we will extend
the area of the bounding box from (x|, )} to (ex;,ey;) and (x,,y,) to (ex,,ey,)
respectively, by adding a few pixels to each side (i.e. here we use 3 pixels), as shown in

Fig. 9.1 (b) marked with the outer box.

(ex), ey))
(xy, ¥1)
line i
(x3,¥2)
Ve
(xz:}’z)
(ex;, ey3)

(a) (b)

Fig. 9.1 Bounding box definition.
Step 2:  Select a line(s) from palm j for matching
We calculate the number of points that each line from palm j was lay inside this bounding
box. If the length of the second longest line is very close to the longest line, i.e. their
difference is less than 10 pixels, we take both lines to the candidate set for the matching,
and use the higher score’s line for the matching score.
Step 3: Split the line into nodes
We split the line into a set of nodes, where the node size is set to 6 (points) here, as
shown in Fig. 9.2. If the points in a line are not divisible by the node size (i.e. 6), and the
remaining points are less than half of the node size, the remaining points are disregarded,
else we use the remaining points to form the last node. Each node forms a short line with
angle of inclination by joining its start point and end point.
Step 4:  Assign score
We compare the angle of each node from linei to the angle of the corresponding node in

line j. The score assigned depends on the similarity of the angles involved.
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A line from

palm i
Node 1

Node 2 /
o

Remaining
Points

Node 6 Araneaes :

Fig. 9.2 Aline is converted to a set of nodes with node size equals to 6.

9.2 Matching Score Calculations

According to the matching strategies defined, we can perform the matching score
calculations by comparing the angles of the nodes involved, and assigning a matching

score to the total score.

maxLinedf I

> L, ch)
Score = —m=t (9-1)

n

where ! is a line from palm i, cl is the corresponding line from the bounding box, # is the

number of comparison, and

maxNodeQf _1
> NS(I _Node,,cl _ Node,)
L(l, CI) — i=1 , (9_2)

where ! Node is a node from the line / and ¢/ _Node is a node from the line ¢/, and

NS(L ) = Tifdiffti, j) <TI:
else NS (1, j) = 0.7 if diffti, j) < T2;
else NS(i, j) = 0; (9-3)
where diff(i, j) is the angle difference between node i and node j, and T1 and 72 are two
thresholds controlling the score assigned to a node with different levels of similarity.
Here we set 7/ = £7° and 72= +13°

If the nodes of ¢f is less than nodes from { (i.e. ¢/ is shorter than /), or there is no
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line appeared in the bounding box, i.e. ¢/ is null, then, the number of comparisons (n) is
stili accumulated (i.e. adding the number of nodes from the line /), but the matching score
is zero for all null nodes here.

If there are two lines from the corresponding bounding box need to be matched,

then we match them one by one and take the maximum score from them.

mazline

Z max(L(f,,, , C!] ): L(Im » CIZ ))
Score = o= ' -4

h

where [ is a line from palm i, c/, and c/, are the corresponding lines from the bounding

box, and # is the number of comparisons.,

9.3 Parameter Selection Considering Rotation and Shifting

It is not unusual to have a palmprint image rotated and/or translated a little bit. Our

matching scheme has implemented some forms of measurement to solve this situation.

9.3.1 Shift and Match

In order to solve the line shifting problems, we shift the points and nodes from palm j in
order to get better results. There are two types of shifting: 1) point shifting, and 2) node
shifting.

1. Point Shifting

According to the node creation procedures described in Section 9.1, the first node is
formed from the first point of a line involved. By introducing the point shifting idea, it
means that the first point of the first node is located at point n of the line, where » is the
number of point shifted and is within the range of 0 to nodeSize-1. Since the node size is
relative short (i.e. 6 points) and the angle change is not much, there is no need to perform
shifting point by point for 6 times, i.e. maximum nodeSize. We only performed one

normal operation and one shifted operation in which 3 points are shifted (i.e. half of the
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node size), and finally took the maximum score from them.

maxLineQf _1

z max L(I_,¢cl7)
m=I p=0.3

Score = , (9-5)

n

where { is a line from palm i, ¢l is the corresponding line from the bounding box, p is the
number of points shifted, and » is the number of comparisons.

2. Node Shifting

Similarly, node shifting is implemented to solve the translation problem. Suppose there

are two lines ({ and ¢l) to match, we performed one normal and one shifted matching:

maxLineQf |

max L(l,,,c!™)

an=0.1
m=1

Score = h , (9-6)

where / is a line from paim i, ¢! 1s the corresponding line from the bounding box, nn is the

number of node shifted, and » is the number of comparisons.

9.3.2 Bidirectional Matching

In order to enhance the accuracy of palm line matching, we use a bidirectional matching
scheme which match palm i to palm j, and then reverse it by matching pafm j to paim i.

The matching score 1s the mean of these two operations.

Score; ; + Score;

T

Bidirectional Matching Score = 2 , (9-7)

where Score, ; 1s a score obtained by matching palm i to palm j while Score; ; is a score

obtained by matching palm j to paim i.

9.4 Experimental Results

The experiments are based on the central part sub-image which was obtained using the
method from Section 6.1.4 of Chapter 6. We applied the adaptive thresholding technique

to get the preliminary line map of a palmprint image as described from Chapter 7 Section
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7.2.2. Next, we performed a set of operation on the line map incorporating knowledge, to
enhance the accuracy of the line extraction, as described in Chapter 8. In order to
examine the effectiveness of the knowledge based palm line extraction, we performed a
lot of experiments with different parameters setting so as to choose the best parameters.
The implementation program for the experiments is written by MS Visual C++ 6.0.

We use the same database as mentioned in Section 5.5 of Chapter 5. We randomly
take out 150 persons from the database, with 5 images per person to conduct the
experimental testing. Based on the statistics obtained, we can found out the weaknesses
of our method and make enhancement in the future. Actually, there are few
parameters/matching strategies may affect the performance, so our experiment settings
are focused on finding out the best parameters and strategies on matching.

Parameters Setting

1. n,the node size equalsto 5to 8

2. wl, the weighting of angles > 7°and < 13°, assign score ranging from 0.6 to 0.8

3. w2, the weighting of shifted points/nodes, assign score ranging from 0.6 to 0.8
Matching Strategies

1. mli, using the score of palm i matching with palm j only.

2. m2, using the score of palm j matching with palm i only.

3. m3, using the higher score of 1 and 2 above, i.e. Max(ml, m2).

4. md4, using the averaged score of 1 and 2 above, i.e. Mean(mlI, m2).
We summarized the results of the best parameters of wl and w2 obtained using n equals
to 5-8 in Table 9.1. Equal Error Rate (EER) is computed as the point where False
Rejection Rate (FRR) = False Acceptance Rate (FAR). Since the matching score
distributions are not continuous and a crossover point might not exist, we use the method

proposed by Maio et al. [100] to caiculate the EER:
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[FRR(¢1), FAR(t1)]if FRR(t1)+ FAR(tY) < FRR(12) + FAR(12)

[FAR(12), FRR(t2)] otherwise . (9-8)

[EER,,, EER ), 1= {
and then EER 1s estimated by (EERy,, + EERyg,)/2.

We found that the matching strategy m4, Mean(mi, m2), provides the best result for
different node size. From the table, it can be seen that the best parameter combinations

are: n =7, wl = 0.6 and w2 = 0.7 which produce EER = 17.6% at Threshold = 44.

Table 9.1 The best results for # = 5 to 8, with the best parameters of w/ and w2

Node Size Parameters mli m2 m3 md
wi 0.5 0.5 0.5
w2 0.5 0.8 0.8
5 i
Threshold (0-100) 41 43 46
EER (%) 218 214 20.9
wi 0.5 0.5 0.6
w2 0.6 0.6 0.6
6
Threshold (0-100) 42 42 47
EER (%) 20.9 20.9 206 | 178
L - wi o6 | 06 | 06 | 06
w2 | a7 |er | es. | o7
| Threshold (0-100) | 44| T 4e |0 a9 L 4e
- EER (%) 206 | 206 199 | 176"
wi 0.5 0.5 0.5 0.5
w2 0.6 0.6 0.6 0.7
8
Threshold (0-100) 45 45 30 45
EER (%) 20.6 20.8 19.4 18.0
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Fig. 9.3 shows the curves of FRR and FAR with EER formed at 17.6% and
threshold at 44. The same results are plotted as ROC curve as shown in Fig. 9.4. We
obtained the execution time on different stages of the line based recognition engine
including preprocessing (the binarization and thinning of the image, from the central part
sub-tmage), feature extraction and matching, as shown in Table 9.2. The algorithm is
implemented using Visual C++ 6.0 on a PC with Intel Pentium 4 processor 2GHz and

1GB RAM. The total execution time is only 471 ms.

The Best Matching Resuits
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Fig. 9.3 The curves of FRR and FAR with EER formed at 17.6% and threshold at 44.
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Table 9.2  Execution time on different stages of the line based recognition engine.

Operation Execution Time
Preprocessing — binarization and thinning 97 ms

Feature Extraction 374 ms
Matching ' 0.48 ms

Total 471.48 ms

The Best ROC Curve Using n=7, w1=0.6 and w2=0.7
1[][' 1 ) T T T L) 1

Genuine Acceptance Rate (%)

a0 ¢ i

20 + ..
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False Acceptance Rate (%)

Fig. 9.4 The ROC curve of the best results.
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9.5 Conclusions

From the experiments results obtained, the algorithm only achieves the EER at 17.6%
(Recognition rate at 82.4%) for the best parameters. We passed through different stages
of operations such as: the binarization of the palmprint image using adaptive thresholding,
rules definition for line operations, matching strategies, and parameter settings. We think
that we can refine the parameters/rules on different stages so as to obtain a better result in
the near future, i.e. EER at < 10%. Although this recognition rate is still not satisfied for a
personal identification systemn, we think that the line based approach can make
contributions on the classification of palmprint, or used on some new applications, such

as the automatic palmistry for fortune telling.
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10 CONCLUSIONS AND FURTHER RESEARCH

10.1 Conclusions

In this study, we proposed a framework for high quality palmprint acquisition and
effective palm line extraction. OQur framework is designed in two layers of abstraction:
Layer 1 is the‘ Palmprint Acquisition Device composed of a user interface and sensor,
while Layer 2 is a Line Based Recognition Engine which carries out image preprocessing,

feature extraction and matching of palm lines.

Layer 1: Palmprint Acquisition Device

The main objective of Layer | is to design a high quality palmprint acquisition device
with a comfortable user interface. We performed the design and requirement analysis on
the palmprint acquisition device in this layer. Next, the intemal components, user
interfaces and the appearance design are investigated. Then it evaluates the performance
of the palmprint acquisition device.

A flat platen surface is specially designed as the user interface for the guidance of
the patm alignment during acquisition. A more reliable coordination system is achieved
by this design so that more stable palmprint features can be obtained using this new user
interface design. Although there are different types of biometric sensors available, we
found that the CCD sensor with video frame grabber is the most appropriate one in the

palmprint acquisition. We emphasized that the lighting environment, especially the
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uniform illumination on the palm, is very mmportant in our framework. So, the optical
system 1s fabricated in a controlled environment in order to minimize the effects of
ambient hight. We performed experiments to test different types of light source, they are:
1) bulb hght, 2) white Light Emitting Diode (LED), 3) cold cathode fluorescent {CCF)
lamp, and 4) ring shape fluorescent light. Experimental result shows that only the ring
shape fluorescent light can provide the best image quality. The palmprint acquisition
device can be operated in 150 dpi resolutions, which is able to obtain all the line features
from a palm including principal lines, wrinkles and ridges. It is a durable device which
has acquired more than 9,400 palmprint images. We are proud to announce the first
ctvilian online palmprint identification systern using the proposed palmprint acquisition
system for the palmprint acquisition, which is placed at our laboratory entrance for access
control since early March 2003. We believed that our acquisition device can be applied in
different application domains including the employee management system and physical

access control in the near future.

Layer 2: Line Based Recognition Engine

The main objective of Layer 2 is to design a line based recognition engine that based on
the palm lines’ structural information. It consists of palmprint signal preprocessing, line
feature extraction, and line matching.

In the palmprint signal preprocessing stage, some typical edge detection techniques
are investigated. From the experimental results, we found tﬁat traditional edge detection
techniques cannot extract the palm lines effectively because they are all dependent on the
global thresholding technique which is not good for the peculiarity line features of a palm.
Adaptive thresholding technique, on the other hand, uses a local window to calculate the
thresholding value which is performed better on palm line extraction. Only few steps are

needed to obtain all details of palm lines. It provides a solid foundation on the successive
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lines feature exiraction. In the line feature extraction stage, we proposed a method to
promote the accuracy of palm line extraction by incorporating knowledge. We first
defined the bifurcation points and end points in a palmprint image to create sets of line
segments and structures, and finally formed the complete palmprint structural map. Next,
we defined the properties and types of line segment. Then, we also defined searching
strategies to exploit the whole structural information of a palm, they are: 1) single
bifurcation, 2) complex bifurcation — looping, 3) complex bifurcation — crossover, 4)
complex bifurcation — other cases, and 5) single line. We defined some rules on line
operations for joining or splitting a line so as to correct the problems occurred. Different
problems are solved, such as: 1) isolated points, 2) broken lines, 3) short bifurcation lines,
4) crossed over lines, and 5) looped lines. We can conclﬁde that by incorporating the
above rules with the knowiedge from the palm line structures, the major palm lines can
be extracted effectively. In line matching stage, the identification template is compared
with the master templates such that the system determines whether they are come from
the same person. We first define a bounding box to limit the searching area. Next, we
divide each line into shorter lines called nodes and perform angle comparisons node by
node to get the similarity scores. We introduced the idea of point shifting and node
shifting in order to take care of the translation and rotation problems. In addition, we
employed a bidirectional matching scheme to further enhance the results. The
experimental results show that our palm line extraction framework s effective. We think
that the line based approach can make contributions on the classification of palmprint, or

be used on some new applications, such as the automatic palmistry for fortune telling.
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10.2 Further Research

The further research direction on the palmprint acquisition device should be focused on
the liveness detection mechanism during palmprint acquisition. In addition, the size of
our device is another concern.

For palm line extraction, we may exploit more knowledge from the palmprint
structures so that more rules can be defined to improve the correct line extraction. In
addition, we can try to use dynamic selection of parameters such as windows size and the
constant value, from the binarization process so that the preliminary line map of a
palmprint image can be enhanced. From the experiments, although the recognition rate is
not satisfied for a personal identification system, we think that the line based approach
can make contributions on the classification of palmprint, or used on some new

applications such as the automatic palmistry for fortune telling.
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