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ABSTRACT

Currently, the tracking and monitoring student's classroom participation are mostly done by
lecturers before and/or after each lesson. In fact, this procedure had several inconveniences,
such as time consuming, errors or confusion, etc... With a system scan and fingerprint
identification is placed in front of the class, the student's class attendance will be checked by
themselves quickly and accurately. Developing completely a smart academic calendar
management system consists of major functions such as: monitoring of lecturer's teaching
time; monitoring of student's academic: attendance, tardiness, leaving early, absence, etc...
The smart academic calendar management system consists of: 1) Developing a cloud
computing software which used to monitor and manage both of student's academic calendar
and lecturer's teaching time based on fingerprint's student at in/out time of the class; 2)
Designing a database used to store collected student's fingerprint data from fingerprint
scanners, which allows students, parents, lecturers, managers can access via internet browser.
The system has been installed and operated experimentally within one year at the Faculty of
High Quality Training (FHQ), Hochiminh City University of Technology and Education
(HCMUTE) and has been get good results. This system may deploy widely for the entire
university, other universities, colleges, etc...

Keywords: student attendance, fingerprint identification, smart academic calendar
management system, cloud computing software, tracking and monitoring student.

TOM TAT

Hién nay, giam sat viéc tham gia lop hoc cua hoc sinh, sinh vién chu yéu la diea vao viéc diém
danh cua gidng vién truc tiép d@img 1op giang day triréc hode sau mai buéi hoc. Mét thyec té
ddt ra la viéc diém danh bang tay déi khi ciing c6 nhitng bat cép, vi du nhw mdt thoi gian cua
budi hoc, sai sét hodc nham ldn, gido vién ngai mang tiéng la phdi diém danh thi sinh vién
M&i tham gia di hoc day di,... Lau nay, cdc giang vién thuc hién viée diém danh sink vién tai
l6p mdt nhiéu thoi gian nhung déi khi ciing khéng thuc chdt do ¢ tinh trang diém danh hg.
Véi hé thong quét va nhdn dang ddu van tay dwoc ddat ngay truedc Cira cdc 16p hoc viée diém
danh sé do chinh cdc sinh vién thuc hiégn mot cach nhanh chong va dam bao chinh xdc.
Nhiing di liéu diém danh nay ciing sé dwoc guiti vé cho phy huynh trong nhitng trieeng hop
can thiét. Thiét ké hoan chinh mét hé thong quan [y lich hoc théng minh bao gom cdc néi
dung chinh nhw sau: 1) Nghién ciru thiét ké phan mém quan [y thoi gian cia sinh vién va
gidng vién lén 16p thong qua nhdn dang van tay liic vao 16p va gio ra khéi 16p; 2) Thiét ké hé
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co 56 At lidu dé heu triv cae dir lidu thu thdp duwoc tir cde mdy quét van tay, tir @6 cho phép
sinh vién, phu huynh, gidng vién, nha qudn 1y ¢é thé truy xudt qua trinh duyét internet. Hién
tai hé théng nay da dwoc Icfp dat va van hanh thir nghiém trong vong mét nam tai Khoa Pao
tao Chat lwong cao (FHQ), Dai hoc Su pham Ky thudt Thanh phd Ho Chi Minh (HCMUTE)
va di thu dwoc cdc két qua thir nghiém rat kha quan. Hé thdng nay ¢6 thé trién khai réng ra
cho toan trwong, hodc cho cdc trwong dai hoe, cao dang khdc trong cd nudc, ....

Keywords: diém danh sinh vién, nhdn dang ddu vén tay, hé thong qudn Iy lich hoc théng minh,
dién toan dam mdy, giam sat va qudan ly lich hoc sinh vién.

1. INTRODUCTION

Each person's fingerprints are not the
same, that is special feature about biometric.
Specially, a person's fingerprints are unique
and consistent over time. Therefore,
fingerprints used for the identification of
individuals. In addition, along with the
outstanding development of science and
technology, nowadays, electronic devices
allowed the acquisition of fingerprint data
becoming much easy, more accurate and
real-time. Normally, each person has ten
fingers, the numerous fingers means there
are numerous sources data for the data
acquisition, this is also help the identification
of individuals becoming more feasible,
accurate and trustful, etc.

Each fingerprint consists of set of key
features, and this set is unique and consistent
over time. In 1968, M. Malpighi examined
fingerprints under a microscope and
recognized that fingerprint contains a series
of ridges and loops [1]. In 1823, J. Purkinje
noted there are at least nine different
fingerprint patterns [1]. However, Purkinje
may did not realize the value of fingerprints
in the identification of individuals, therefore
he gave no mention this value. In 1858, W. J.
Herschel became the first in the history using
fingerprints on native contracts [3].
According to the patterns of criss-cross lines
on the fingertips or palms of an individual

remain unchange from birth till death, he
usually required locals print their fingers on
every contract for the identification purpose.
He believed that all fingerprints were unique
to the individual, as well as permanent
throughout that individual's life, inspired him
to expand their use. In 1863, P. J. Coulier [4]
published his observations about how to
develop fingerprints on paper by iodine
fuming, and explaining how to preserve such
developed impressions. Especially, he
mentioned the potential for identifying
suspects' fingerprints by use of a magnifying
glass. In 1880, H. Faulds published an article
in the journal Nature [5]. He discussed
fingerprints as a means of personal
identification, and the use of printers ink as a
method for obtaining such fingerprints. He is
also credited with the first fingerprint
identification of a greasy fingerprint left on
an alcohol bottle. In 1892, F. Galton
published his book, "Fingerprints" [6],
establishing the individuality  and
permanence of fingerprints. The book
included the first classification system for
fingerprints. Galton's primary interest in
fingerprints was as an aid in determining
heredity and racial background. While he
soon discovered that fingerprints offered no
firm clues to an individual's intelligence or
genetic history, he was able to scientifically
prove what Herschel and Faulds already
suspected: that fingerprints do not change
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over the course of an individual's lifetime,
and that no two fingerprints are exactly the
same. According to his calculations, the odds
of two individual fingerprints being the same
were 1 in 64 billion. Galton identified the
characteristics by which fingerprints can be
identified. A few of these same
characteristics (minutiae) are basically still in
use today, and are sometimes referred to as
Galton Details.

Nowadays, fingerprints and fingerprint
identification has become popular in the
personal identification serving many
different purposes in life, as in criminal
identification, personal identification with ID
card , bank, etc.

The article is organized as follows:
Section 1 introduces about the history of
fingerprints and researchers who used to
study and work relative to fingerprints.
Section 2 overviews the algorithms of
identification ~ and  classification  for
fingerprints.  Section 3 explains the
methodology of our research, the use of
fingerprint identification algorithm for the
smart academic calendar management
system. Section 4 illustrates experimental
results and several discussions according to
those achieved results. The conclusions are
presented in Section 5. Final section lists the
reference papers.

2. BACKGROUND

Normally, a fingerprint is composed of
ridges and valleys on the surface of a
fingertip, as shown in Figure 1. A
fingerprint is a pattern of curving line
structures called ridges, where the skin has a
higher profile than its surroundings, which
called the wvalleys. In most fingerprint
images, the ridges are black and the valleys
are white. The fingerprint of an individual is
unique and remains unchanged of over a

lifetime [7].

Vall eys_i

Figure 1. A fingerprint is composed of
ridges and valleys on the surface of a
fingertip [8].

Basically, a system of fingerprint
identification must identify and investigate
the following five major problems: digital
fingerprint acquisition, image enhancement,
feature (e.g., minutiae) extraction, matching,
and indexing/retrieval. Figure 2 shows a
typical fingerprint identification system.
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Figure 2. Five major problems for a
fingerprint identification system.

A simple method to fully take a
fingerprint is using a thin coating of ink over
a finger and rolling the finger from one end
of the nail to the other end of the nail while
pressing the finger against a paper card [6].
Since the early 1970s, fingerprint sensors
have been built that can acquire a “livescan”
digital fingerprint image directly from a
finger without the intermediate use of ink
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and a paper card [9], [10]. The fingerprint
image quality is crucial for the performance
of a fingerprint recognition system. Many
factors may influence the fingerprint image
quality [11], such as, the type of sensor used
to capture the image (optical, capacitive),
rough fingertips (manual worker, elder
people, allergic skin), fingertip condition
(wet, dry), image resolution (500 dpi, 250
dpi), poor contact of the finger with the
sensor, presence of noise, latent images
(traces from the previous user), etc. Figure 3
shows fingerprint image quality taken by
using various fingerprint sensors.

Figure 3. Fingerprints were taken by diffrent
sensors: a) optical sensor, b) capacitive
sensor, ¢) thermal sweeping, d) electric.

The problem of wet or dry fingerprint is
very common, as it depends much of
environmental  condition  (temperature,
humidity) and contact of the finger with
stuffs [12]. Dry fingerprint are caused
normally by low temperatures or after
wiping just washed hands. The image
obtained from dry fingerprint presents

interrupted ridges, as it is shown in Figure 4.

A low quality of fingerprint can also
obtained by absence or poor defined ridges,
as shown in Figure 5. Aging is a important
factor related to the quality of the fingerprint,
elder people have worse fingerprint than the
younger. Certain occupations, such as
construction and farming, are also known to
damage fingerprint details over time as well
as the constant contact of finger with
chemical products.

(@) (b)

Figure 4. The fingerprint image quality is
also influenced by environmental condition
such as wet or dry fingerprints: a) dry
fingertip, b) wet fingertip.

Figure 5. Low quality fingerprint images

Before extracting the feature of a
fingerprint, it is important to separate the
fingerprint regions (presence of ridges) from
the background. This limits the region to be
processed and therefore reduces the
processing time and false feature extraction.
A correct segmentation may be, in some
cases, very difficult, especially in poor
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quality fingerprint image or noisy images,
such as presence of latents. The same
information used for quality extraction, such
as contrast, ridge orientation and ridge
frequency can be used for the segmentation
or inclusive the quantified region quality
may be used directly by considering as
background the regions with quality below
some threshold. Normally, the segmentation
is also computed by block in the same way
as the quality extraction. In Figure 6 shows
the contour of the segmented region
superimposed over the original image.

(@) (b)

Figure 6. Fingerprint segmentation: a)
original image, b) image with segmentation.

Due to the quality of the fingerprint image
is influenced by many factors which sometime
may be difficult to control, therefore a
fingerprint system must be able to handle also
the image of medium and low quality
(recoverable). In some cases, it is possible to
improve significantly the image quality by
applying some image enhancement technique.
The main purpose of such procedure is to
enhance the image by improving the clarity of
ridge structure or increasing the consistence of
the ridge orientation. In noisy regions, it is
difficult to define a common orientation of the
ridges. The process of enhancing the image
before the feature extraction also called
pre-processing.

There are a lot of complex techniques

for image enhancement such as image
normalization and Fourier transformation
(FFT), etc. [13]. The enhancement may be
useful for the following cases:

- Connecting broken ridges (generally
produced by dry fingerprint or cuts,
creases, bruises).

- Eliminating noises between the ridges.

- Improving the ridge contrast.

The Fourier transformation is widely used
in signal and image processing. In particular,
for detection of high or low frequencies. As the
ridges has structure of repeated and parallel
lines, it is possible to determine the frequency
and the ridge orientation using FFT transform.
Figure 7 illustrates the use of enhancement
using FFT transform.

(@) (b)

Figure 7. lllustrating the use of enhancement
using FFT transform: a) original image, b)
enhanced image using FFT.

A fingerprint is characterized by a
pattern of interleaved ridges (dark lines) and
valleys (bright lines). Generally, ridges and
valleys run in parallel and sometimes they
terminate or they bifurcate. At a global level,
the fingerprint may present regions with
patterns of high curvature, these regions are
also called singularity. At the local level,
other important feature called minutiae can
be found in the fingerprint patterns. Minutiae
mean small details, and this refers to the
behavior of the ridges discontinuities such as
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termination, bifurcation and trifurcation or
other features such as pores (small holes
inside the ridges), lake (two closed
bifurcations), dot (short ridges), etc. Most
system uses only the termination and
bifurcations. With the objective of matching
the fingerprints we need to extract the
fingerprint features such as minutiae and
singularity points. From the fingerprint we
can also extract other global information
such as orientation and frequency of the
ridge regions.

The local feature such as minutiae and
global feature such as singularity are very
important for a reliable matching. Besides,
other features such as orientation map which
will be used directly for the minutiae and
singularity extraction. The orientation is an
angle formed by the ridge inclination and the

horizontal line as showed in the figure below.

As the ridge has no direction, the term
orientation are used instead and the angle
varies from 0 to 180. Each region of the
fingerprint, except the region of singularities,
has a common ridge orientation, therefore
instead of computing the orientation at each
pixel point, generally they are computed for
each block. An example of orientation map is
shown in Figure 8.

(@) (b)

Figure 8. Orientation map extraction: a)
original image, b) image with orientation map.

The global features, such as singular
points, are the regions where large changes of
orientation happens and they are classified in
core and delta. The singularities are very useful
for fingerprint classification and for alignment
purpose used during the matching (e.g.,
fingercode based matching). Figure 9 shows an
example of core and delta extraction.

(@) (b)
Figure 9. Core and delta extraction: a)
original image, b) core (red) and delta (green).

The local features, such as minutiae, can
be extracted by using a traditional method
consisting of major steps: binarization,
thinning and minutiae detection. The results
of minutiae extraction are shown in Figure 10.

Figure 10. Example of minutiae extraction.

The minutiae extraction is difficult in
low image quality image, therefore, other
information such as ridge shape and texture
could be used to match the fingerprints,
although they are not too distinctive as the
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minutiae. To solve this problem, a finger
code is a vector of fingerprint feature, is
extracted by applying a convolution to the
original image with a Gabor filter (generally
dimension 32x32). This vector are stored the
value of the standard deviation of each
region. An example of convolution, the
original image with the Gabor filter is shown
in Figure 11.

Figure 11. Result of convolution of the
image with the Gabor filter in eight
directions (0°, 25.5°, 45°, 67.5°, 90°, 112.5°,
135° and 157.5°).

Matching of fingerprint consists of
comparing two fingerprints and find out if
they belong to the same finger.
Mathematically, any matching algorithm
computes the degree of similarity, using the
feature information of each fingerprint and
return some score (e.g., between 0 and 1)
which represents the probability that the two
finger are from the same finger. Therefore
depending of the resulted score, a fingerprint
recognition system decides if there is
matching or non-matching. Automatically
fingerprint image matching is a challenging
problem due to many factors such as
displacement, rotation, non-linear distortion,

partial overlapping, noise, skin condition, etc.

Many algorithms have been proposed in the
pattern recognition literature. The large
number of approaches can be classified in

the following three classes: correlation based
matching, minutiae based matching and
ridge feature based matching.

3. METHODOLOGY

In order to develop the smart academic
calendar management system applying
technology of fingerprint identification, we
structured the system by two following

modules: 1) database of characterized
reference  fingerprints and 2) data
management.

The first module is to build a database of
all of fingerprints that taken by using
fingerprint sensors. In the first step, template
fingerprints of all students are collected
using fingerprint scanners. Normally, in
order to increase the accuracy in recognition,
each student was required providing at least
four template fingerprints from four his/her
different fingers. These template fingerprints
are then analyzed by applying various
algorithms of image processing such as the
segmentation algorithm to classify the
fingerprint and background, the image
enhancement algorithm to enhance the image
by improving the clarity of ridge structure or
increasing the consistence of the ridge
orientation, and the feature extraction
algorithm to characterize the fingerprint by a
pattern of interleaved ridges (dark lines) and
valleys (bright lines), so the fingerprint's
local and global features, minutiae and
singularity, respectively, are extracted. The
set of fingerprint's characteristics is then
stored in the database as reference for
identification latter. Figure 12 shows the
flowchart of building the database of sets of
characterized fingerprints.
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Figure 12. The module for building the
database of sets of characterized fingerprints.

The second module is for data
management, it consists of the following
main functions: 1) manage the list of
students, 2) manage the student's timetable,
manage classes' schedule, 3) setup the
timetable, 4) report the times of tardiness,
leaving early, absence, etc... for each student,
5) report the times of tardiness, leaving early,
absence, etc... for every students in each
class, 6) install holidays, 7) setup accounts
for both of students and lecturers, 8) upload
and install the timetable, which is provided
from the Academic Affairs Office, for all
students for each semester, etc. Figure 13
shows an overview of the module for data
management.

The main problem is how to match the
query fingerprint with the reference
fingerprint, which is stored in the database in
advance, to find out if they belong to the
same finger. Mathematically, any matching
algorithm computes the degree of similarity,
using the feature information of each
fingerprint and return some score (e.g.,
between O and 1) which represents the
probability that the two finger are from the
same finger. Therefore depending of the
resulted score, a fingerprint recognition
system decides if there is matching or
non-matching.  Automatically  fingerprint
image matching is a challenging problem
due to many factors such as displacement,
rotation, non-linear  distortion, partial

overlapping, noise, skin condition, etc. Many
algorithm have been proposed in the pattern
recognition literature. The large number of
approaches can be classified in the following
three classes: correlation based matching,
minutiae based matching and ridge feature
based matching.

Fingerprint sensor #1 eyt ng_erprlnt
collection
¥
Fingerprint sensor #2 Pre-processing
l e Segmentation
e Enhancement
Fingerprint sensor #N o Noise Removal
o Fourier transformation
17 o Gabor filter
Feature extraction - Matching
o Local feature: minutiae o Correlation based
o Global feature: singularity matching
o Orientation map ¢ Minutiae based
matching
¢ Ridge feature based
matching

o Manage the list of students

e Manage the student's timetable

— |
— |
—>| e Manage classes' schedule |
— |
.

o Setup the timetable

o Report times of tardiness, leaving early,
absence, etc... for each student

o Report times of tardiness, leaving early,
absence, etc... for every students in each class.

-
—>| o Install holidays

e Setup accounts for both of students and
lecturers

o Upload and install the timetable, which is
— provided from the Academic Affairs Office, for
all students for each semester.

Figure 13. The module for data management.

4. EXPERIMENTAL RESULTS AND
DISCUSSION

In this research, a smart academic
calendar management system applying
technology of fingerprint identification has
been developed, it consists of two major
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functions as follows:

- A cloud computing software which used
to monitor and manage both of student's
academic calendar and lecturer's teaching
time based on fingerprint's student at
infout time of the class. The developed
software can connect to fingerprint
scanners for monitoring and managing: 1)
lecturer's teaching time, 2) monitoring of
student's academic: attendance, tardiness,
leaving early, absence, etc...

- A database used to store collected
student's  fingerprint  data  from
fingerprint  scanners, which allows
students, parents, lecturers, managers can
access anytime, anywhere in the world
with any internet-connected device, such
as a computer, tablet, smartphone, etc....

Particularly, the developed software is
decentralized  for  three levels: 1)
administrator, 2) lecturer and 3) student. At
the student level, students can access
functions as view their study's timetable as
well as provisions about the time. Besides,
students can also view reports about their
classroom participation, how many times
tardiness, leaving early, absence, etc...
Especially, the system also support students
can review the history of fingerprint
scanning. At the lecturer level, beside of
functions as at the student level, lecturers can
access other functions as view the list of
students, view reports about student's
classroom participation for every classes
they are teaching. For admin account, the
administrator can access entire functions,
beside of functions as at the student and
lecturer level, other functions are: 1) setup
the timetable, 2) report the times of tardiness,
leaving early, absence, etc..., 3) absence
warning, 4) install holidays, 5) setup
accounts for both of students and lecturers,
6) upload and install the timetable, which is

provided from the Academic Affairs Office,
for all students for each semester, etc.

5. CONCLUSION

In this research, we proposed a feasible
solution for tracking and monitoring
student's classroom participation by using
the fingerprint scanners for data collection
and applying the algorithm of fingerprint
identification for the collected data analysis,
called the smart academic calendar
management system. Especially, a real
system has been installed and operated
experimentally within one year at the Faculty
of High Quality Training (FHQ), Hochiminh
City University of Technology and
Education (HCMUTE).

The developed system works well with
accurate results, it reports full information
relative to student's academic such as
attendance, tardiness, leaving early, absence,
etc... Especially, the student's class
attendance will be checked by themselves
quickly, accurately and automatically,
therefore lecturers can focus on their
teaching without loss of time for student
attendance. Another advantage of this system
is that the software for tracking and
monitoring student's classroom participation
is designed and developed as a cloud
computing software which is installed on a
server. It allows students, parents, lecturers,
managers can access anytime, anywhere in
the world with any internet-connected device,
such as a computer, tablet, smartphone, etc...

However, because of limitation of the
memory, the fingerprint scanner only can
store maximum 2000 fingerprints, while the
FHQ's number of students is more than 2000
students. Actually, this drawback of
hardware can be overcome by using many
fingerprint scanners for data collection, but
this will increase the investment cost for the
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entire system. There are several special cases
such as students having no fingerprints or
blur, the fingerprint scanners almost
impossible to take fingerprints. To solve this
case, the system also support other two
solutions for data collection, one is using
RFID card and one is using the numeric
keypad. Besides, the internet network is also

important to make the system operates
effectively, the data is uninterrupted.

After one year of installation and
operation, the smart academic calendar
management system may apply practically
and deploy widely for the universities,
colleges, etc..., in the academic management
for students.

TAI LIEU THAM KHAO

[1] K. Inman and N. Rudin, Principles and Practice of Criminalistics: The Profession of
Forensic Science, pp. 329 — 330, CRC Press LLC, 1st Edition, 2001.

[2] H.Cumminsand R. W. Kennedy, Purkinje's Observations (1823) on Finger Prints and Other
Skin Features, Journal of Criminal Law and Criminology, 1940, Vol. 31, Issue 3, pp. 343 — 355.

[3] G. S. Sodhi and J. Kaur, Indian civilization and the science of fingerprinting, Indian
Journal of Traditional Knowledge, April 2003, Vol. 2(2), pp. 126 — 136.

[4] P.Margotand N. Quinche, Coulier Paul-Jean (1824-1890): A Precursor in the History of
Fingermark Detection and Their Potential Use for Identifying Their Source (1863),
Journal of Forensic Identification, March-April 2010, Vol. 60(2), pp. 129 — 134
(published by the International Association for Identification).

[5] E. H. Holder, L. O. Robinson and J. H. Laub, The fingerprint sourcebook, Chapter 5, pp.
5 — 6, CreateSpace Independent Publishing Platform, October 2014.

[6] F. Galton, Finger prints, Macmilan and CO., 1982.

[7] Harsha V. Talele, Pratvina V. Talele, Saranga N. Bhutada, Study of Local Binary Pattern
for Partial Fingerprint Identification, International Journal of Modern Engineering
Research (IJMER), September 2014, Vol. 4(9), pp. 55 — 61.

[8] http://www.griaulebiometrics.com/en-us/book/understanding-biometrics/types/description

[9] K. R. Moses and contributing authors P. Higgins, M. McCabe, S. Probhakar, S. Swann,
Automated fingerprint identification system (AFIS), Chapter 6, pp. 1 — 33, Match 2011.

[10] V. Sravya, R. K. Murthy, R. B. Kallam and B. Srujana, A Survey on Fingerprint
Biometric System, International Journal of Advanced Research in Computer Science and
Software Engineering, April 2012, VVol. 2(4), pp. 307 — 313.

[11] F. A. Fernandez, J. Fierrez, J. O. Garcia, J. G. Rodriguez, H. Fronthaler, K. Kollreider and J.
Bigun, A Comparative Study of Fingerprint Image-Quality Estimation Methods, IEEE
Transactions on Information Forensics and Security, December 2007, Vol. 2(4), pp. 734 —743.

[12] http://www.griaulebiometrics.com/en-us/book/understanding-biometrics

[13] L. Hong, Y. Wan and A. Jain, Fingerprint image enhancement: algorithm and

performance evaluation, IEEE Transactions on Pattern Analysis and Machine
Intelligence, August 1998, Vol. 20(8), pp. 777 — 789.

Corresponding author:

Dr. Nguyen Van Thai

Faculty of Electrical and Electronics Engineering
E-mail: nthai@hcmute.edu.vn



http://www.griaulebiometrics.com/en-us/book/understanding-biometrics/types/description
http://www.griaulebiometrics.com/en-us/book/understanding-biometrics

