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ABSTRACT

Only secured and conducive environment void of robbery, kidnapping, fake currency and all forms of
insurgencies will foster production and distribution of goods, investment and saving that enhance national
economic growth and development. This is a mirage in a country generally believed and tagged the giant of
African; Nigeria. Crime, in whatever name or nomenclature, has a significant negative impact on the welfare and
economy prosperities of our society. The urge to get rich promotes Crime like armed robbery, kidnapping for
ransom and production of counterfeit banknotes to mention but a few. Innocent people have suffered
psychological distress, fear, anger, depression, physical harm, financial loss and in most cases untimely death
during the operations by these hoodlums. Banks, Cash-In-Transit Vehicle, and ATM points are often robbed by
gangs in search for paper currency. Kidnappers as well demand for paper currency as ransom while some other
gangs are involved in the production of counterfeit banknotes so as to enrich themselves no minding the negative
effect on the nation’s economy. The banknotes collected during the operations by the hoodlums are taken to
banks. Yet, the banks will not detect or recognize any of these notes which attest to the fact that our system lacks
check and balance. The system is very porous without a recourse to this era of technology when machine is
trained to do virtually everything for our convenience. Currency as an entity has a unique identification number.
The identification number is an alphanumeric currency issuance of about 10 digits comprises two (2) capital
letters and eight (8) numbers usually positioned at a strategic location on either front or back of the 5, 10, 20, 50,
100, 200, 500 and 1000 naira notes. It is a reliable and intelligent system developed to track banknotes unique
identifiers numbers- serial numbers, in order to control financial related crimes.

Keywords: Nigeria Paper Currency Serial Number, Pattern Recognition

DOI: 10.7176/IKM/11-3-04

Publication date: April 30" 2021

INTRODUCTION

Robberies, kidnapping and production of counterfeit banknotes will continue until there is a step put in place to
checkmate the activities of the gangs engaged in these evils. This step is to enhance check and balance in our
system in order to detect and apprehend the gangs perpetrating the evils. In this era, machine can be trained to
detect the currencies carted away by robbers when cash-in —transit vehicle is intercepted, ATM or Banks are
robbed, collected as ransom by kidnappers or produced as counterfeit banknotes and introduced to the economy.
Armed robbers, Kidnappers and Gang producing fake currency are seizing the advantage of the Nation’s lack of
a system void of check and balance. If such system is implemented, the gangs should henceforth find it difficult
to burgle banks, ATM points, Cash-In-Transit Van, homes and roads for cheap banknotes, for their selfish gain
at the detriment of national economy and families. Indeed, very sad, many are maimed, injured or killed during
their operations.

The CCTV camera installed in Banks in some cases are deactivated when the power source is switched off. This
then rendered it ineffective. Banks at present have no technology or system to detect and or recognize banknotes
carted from banks, collected from individual homes/roads or handled over to the kidnappers as ransom. This is
ridiculous considering the advancement in the world of technology and computer age. The only device you may
see available in some financial institutions and supermarkets is Ultra-Violet light used to detect counterfeit
banknotes. This pre-supposes that until you get to banks you may not be sure whether some of the notes with you
are fake or genuine. This singular acts had made many innocent people to suffer economic lost and
embarrassment.

Leveraging on the percentage of the Citizens using Mobile Phone, a developed mobile application portable for
all phones, flexible and easy to download and install to authenticate whether a banknote is genuine or counterfeit
for the citizens to use will to a large extent offer on the spot verification without necessarily getting to banks
before fake or genuine note is ascertained. Through the mobile app, family of the kidnapped can randomly pre-
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registered some selected banknotes out of those arranged for ransom before given it out to the gangs. Once any
of these banknotes is presented in the bank, the integrated cash counter serial number censor machine will flag
such banknote as one of those carted away from a bank or from any of the afore-mentioned places since already
marked in the internal bank’s transaction log and synchronized with the national backup database at the national
treasury database.

This system will indeed save the masses from economic loss and embarrassment, increase social status and
improve social security. Intelligent surveillance information can be gathered through the stolen money detected
at the bank leading to the arrest of the gangs involved in the act of robbery and kidnapping. This technique will
enhance the anticipated check and balance that is missing in our system whereby the stolen or counterfeit
banknotes are tracked and detected.

The aim of this paper is to develop a Nigerian Paper Currency Serial Number Pattern Detection and Recognition
System for Crime Control. The objectives are to develop a system that will detect and recognize paper currency
serial number using image processing and machine learning techniques automatically for crime control.

REVIEW OF PAPER CURRENCY RECOGNITION SYSTEMS

Specific and related research works are reviewed in this section, with a view to identifying the motivation,
objectives, methodologies, contribution of research to knowledge and limitation of the researches. Muhammad et
al (2013) used based-edge approach to recognize and verify the Original and Counterfeit Money. The Authors
were motivated to present algorithm that uses canny operator to detect the edges of paper currency. The Image
used for the research was acquired from scanner. MATLAB is programmed to perform process of RGB to Gray,
image binarization, noise elimination, segmentation and pattern matching. The major limitation of the research is
that edge-based approach often fails to detect corners, curves where intensity level varies and complex
background. But, a non-edge based technique with image filtering to remove noise will perform better. Prasanthi
and Setty (2015) were motivated with the need to design a system that would be helpful in recognition of Indian
paper currency notes using image processing algorithm to authenticate the currency with fast speed. Input image
is acquired using digital camera with white backlighting against the paper currency so as to capture the hidden
attributes. Acquired image was in RGB colour therefore converted into gray scale. Edges are detected using
Sobel Operator. Image resizing is carried out as a result of the currency image that is too large to process. The
Authors adopt edge based segmentation on the image. Finally, the extracted features were compared with the
features of the original currency by calculating the number of black pixels of segmented image. The currency is
considered to be genuine if the pixels of segmented image of the test currency are approximately equal to the
pixels of segmented image. If otherwise, the currency is counterfeit. Edge-based technique used for detecting
paper currency can give poor result because it is based on edge density. Hence, Sobel operators cannot detect
corners. Characters that have corners can therefore be poorly detected on the paper currency. Success rate,
binarization method and detailed research carried out were not reported.

Ali and Manzoor (2013) propose a recognition system of Pakistan paper currency using a KNN classifier. The
motivation for the research is to present an algorithm for Parkistani paper currency that could recognize the
currency accurately. The objective of the research is to develop Pakistani paper currency recognition system
based on k-nearest neighbor classifier. The images used in the system were acquired from the 100, currency note
set at 200 dpi through HP scanner. The colour image captured served as the input to the system and converted to
the gray scale image. Wiener filter is used in order to remove noise. The image is converted to binary image so
as to ease the processes of extracting features. At the completion of the preprocessing stage, extraction of the
carefully selected features of the binary image is done. The features are Euler Number, Area, Height, Width, and
Aspect ratio. Lastly, is the classification stage using KNN algorithm. Extracted features (train images) are stored
in MAT file and matched with the test image. The research recognition ability of 100% is encouraging. Majorly,
the setback in the research is the large number of extracted features that required more processing and
recognition time. In addition, detailed binarization and extraction methods employed were not reported. Finally,
the algorithm developed (is useful only to Pakistani paper currency notes) but lacks generality.

Various countries have different currencies both in size and colours. Therefore, most of the algorithms lack
generality due to variations in size and design of the currencies across the countries of the world. It is then
important to develop the algorithms that use some of the best features available in the reviewed works for
Nigerian Currency Serial Number Pattern Recognition.
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When this is achieved the following among others will be the benefits for the citizen; increasing confidence in
the nation’s currencies, improving social status, enhance monitoring and circulation of paper currency across the
nation, better performance in terms of exchange of information and interactions between the national treasury
database and financial institutions within the country to foster reduction of robbery and kidnapping crimes,
promote a conducive commercial activities and peaceful environment.

RESEARCH METHODOLOGY

This research work commences with the review of existing works of authorities in Paper Currency Recognition
System. It is done with the intention of studying their contributions and the limitation of the existing works.
Thereafter, Nigerian Currency Serial Number Pattern detection and recognition framework is presented with
emphasis on addressing some of the limitations of the existing works. The proposed system uses Image
Processing and Machine learning techniques to detect and recognize the paper currencies. The system is
designed using Python programming language. The highlighted steps below were followed to achieve the
research objectives:

The input samples used in this research were daily-used Naira Currency notes of N5, ¥10, N20, ¥50, ¥100,
N200, N500 and ¥1000 (paper currencies used in the Federal Republic of Nigeria). The scanned images are in
Red, Green and Blue colours. The coloured images (RGB) are resized and converted to grayscale in order to
reduce the processing time using the model shown in Equation (1.1).

Grayscale = 0.299*R + 0.687*G + 0.114*B. (1.1)
In order to make the recognition task easier, noise is removed from the images before further processing and this
is achieved with local adaptive threshold using mean filtering to smooth the images. The operation is presented
in Equation (1.2).

C@i,j)=2.> Bli+k—1,j+i-1k(k,I) (1.2)
k=1 i=1
B(j, j) is the input of grayscale image having size m x n, m and n stand for the number of rows and columns
respectively. K (k,/) is the filter kernel, where k,/ € z represent the dimension of the kernel and 0<i<m -1,
0<j<n-1
Binary images are obtained from grayscale images by thresholding. The mean C(i ,j) for each window is set as
the threshold T used to binarize the image as presented in Equation (1.3).
BG. j) CfO<CG )T
l,])=
’ lotherwise (1.3)

Connected components algorithm is used to detect and group connected pixels which form objects in the binary
image. The features of each object forming the binary image are examined to determine whether they form
currency serial number object or not. All pixels of each connected component (object) in a binary image are
assigned a unique label corresponding to the object. Objects can therefore be distinguished by their labels. For
example, the area A of each object is calculated using Equation (1.4) where N and M is the dimension of the
object.

A= LG 5 C(xy)) (1.4)

C(x, y) represents the object under consideration, x is the rows pixels in the object and y is the column pixels in
the object. To detect the region of interest, aspect ratio of the paper currency serial number and the contiguity of
the serial number characters are used. Aspect ratio is related to width and height of an image. Objects with
different sizes can be identified on the basis of their aspect ratios. It usually remains the same even if the image
is resized. Aspect ratio (AR) of an image is computed using Equation (1.5).

A.R = Height of an image / Width of an image (1.5)

The digits of the serial numbers are segmented from the images of the banknotes using the geometric property of
the region of interest. This was carried out in two stages of vertical and horizontal segmentations.

Vertical Segmentation: Column sum algorithm is used to detect and remove the unwanted parts of the paper
currency as presented in Equation (1.6).

K(Z): nz M(xiayj) (1.6)

i=0,/=0
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M(x, j) is the paper currency image, K (i) represents the column sums of the serial number pixels, i and j stand
for the number of rows and columns in the paper currency. The average of the column sums is calculated using
Equation (1.7) as presented below:

n—1
> K@)
avg ==—— (1.7)
n

n represents the number of columns in the row summed image, K(i) contains the column sums, avg is the
average of the column sums. The position of the column whose sum is greater than or equal to the average, avg,
is set as the coordinate of the first object on the left-hand-side of the segmented paper currency and the intensity
value of the pixels on this column is at 1(object area). The columns with sums less than the average, avg, are set
to value 0 (non-object area).

Horizontal Segmentation: Column sums algorithm is used to detect and remove unwanted parts of the paper
currency top and bottom parts.

Character Segmentation: The space between the successive characters of the paper currency serial numbers is
used to detect the width of each character. Algorithm is developed to locate the space after the first character,
then, it is segmented. For successive characters, the procedure is repeated until all the characters of the serial
numbers on the paper currency are segmented. Extracted characters were normalized to (10 x 10) dimension
showing the numbers of rows and columns in each character image.

Character Recognition: KNN is classified as a supervised learning algorithm in which the target is known but
the pathway to the target unknown. It gives a better option to classify an unlabeled item into identified class. The
value of k apparently determining the efficiency and accuracy of designed model. Gaur (2017) noted that large
number for k value is advantageous in reducing the variance due to noisy data. The KNN model is popular
because of its simplicity and ease of implementation to varied set of problems and effectiveness. KNN is majorly
based on feature similarity. It checks for similar data point to its neighbour and thereafter classifies the data point
to its most similar neighbour.

A holistic and integrated system that will fast and correctly recognized stolen or fake paper currency serial
numbers making it difficult for anyone to bank and spend can be achieved by creating firstly a national database
of serial numbers of all printed banknotes before distribution to the financial institutions. Secondly, every bank,
daily creates a transactions log and backup database of banknotes serial numbers using integrated serial number
cash counting censor machine. This machine in turns synchronizes with the national database. The technique will
enable the bank to account for missing notes in case of bank/ATM robbery, give an on the spot assessment and
information about the available banknotes in their custody at a particular time and day. Though currency travels
very fast but the fact remains that a banknote will only reside in a particular bank or with someone at a time.
Therefore, either presented at a bank or spend for a specific purpose, the action is executed by someone at a
particular point. Banknotes can therefore be tracked and information gathered can be used for surveillance.

Paper Currency Serial Number Pattern Detection and Recognition System will help to manage efficiently
currency circulation, detect fraudulent banknotes, improve social security, stabilize financial market, assist in
surveillance information gathering and reduce financial related crimes. Overall success depends on robust
performance of the hardware and software components. The hardware component recognizes the paper currency,
acquires the image of the currency and transmits the captured image data. The software component processes the
captured image, character extraction, segmentation and digit recognition.

SYSTEM ARCHITECTURE

The processing of the paper currency serial number for recognition occurs in stages as stated in Qian et al.
(2006), Prasanthi and Setty (2015), Kaur and Priyadarshi (2016) and Ghosh & Khare (2013). At each of the
stages, input images are transformed from one form to the other. Image preprocessing is done to suppress
undesired distortions and enhance some image features that are important for further processing or analysis like
image adjusting, image smoothening as presented in Kishan e al (2013); and to improve the performance of a
recognition of worn, torn and noisy currency images using paper processing filter like Weiner filter as presented
in Sargano et al (2014) and Guassian blurring equation to remove noise from the image as presented in Ahmed et
al (2013). Various algorithms have been proposed for paper currency characters’ segmentation. The main
challenge is to develop effective and efficient algorithm that can segment the paper currency characters
regardless of the quality of the banknote and produce accurate result. Some banknotes are clean, but after some
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period of circulation and usage become worn, dirty and torn. Noise is added while colour, texture and some of
the security features on the banknotes are affected. In Suji ef a/ (2013), it was stated that the accuracy of the
segmentation algorithm determines the success or failure of the analysis procedure. Wang et al (2010) opine that
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character segmentation will affect the degree of accuracy of character recognition and that the more precise the
segmentation is, the better the recognition. Therefore, finding an appropriate segmentation algorithm is very
important. The method proposed by Kaur and Priyadarshi (2016) works better when a different binarization
algorithm is used. Otsu’s algorithm has been an effective method but it is not compatible with serial number
binarization due to the complex texture, uneven illumination and intensity variations. Otsu determines the global
threshold value only for images with a bimodal distribution. It cannot be used due to the serial number that does
not present a bimodal histogram pattern (Feng et al, 2013) but suitable for scanned documents which have
constant illumination with a uniform background (Iyoti and Davinder, 2015). Digit recognition stage is the final
stage of the Serial Number Pattern Recognition System (SNPR). Neural Networks technique was proposed in
Pilania and Arora (2016); Sharma et al, (2012); and Saheed et al, (2013). However, the demerit of this method
for real time system is that large dataset is required for much time. Sift algorithm is proposed in Akash and
Tarum (2017), Hamming Distance technique is proposed in Yousry et al, (2018) and Hadisukmana and Yudianto
(2018) proposed Template Matching. But effective noise reduction technique determines the success rate of the
template matching technique.

Various recognition techniques have been used in literature. K-Nearest Neighbour (K-NN) is implemented in
Kaur and Priyadarshni (2016) and reported serial number recognition rate of 83.81% while 99.50% serial
number recognition rates and more than 99.60% single digit recognition rate with recognition time of 157ms in
Qian et al, (2006). The results show that the approach is suitable for a real-time situation. Parameters required to
implement it is few and no training period before prediction is made. However, appropriate tool should be used
to effectively remove the noise and reduce datasets. Artificial Neural Network (ANN) approach is implemented
in (Aoba et al, 2003; Gunaratna et al, 2008; Debnath et al, 2010; and Althafiri et al, 2012). Aoba et al (2003)
report a recognition accuracy of 100%, Gunaratna et al (2008) also report the recognition accuracy of 100%,
Debnath et a/ (2010) report the success rate of 100% while Althafiri et al/ (2012) report the success rate of
85.1%. Sheng (2013) opines that the approach has high fault tolerance, low speed recognition and therefore not
ideal for a real-time situation. Also, it requires large training dataset. Template matching based approach for
Serial Number Pattern Recognition was reported in Li ef a/ (2010). Template matching is useful in fields such as
signal processing, pattern recognition, video compression and image processing. Template matching is suitable
for the situation where the background is complex and the target texture is less (Hinterstoisser et al, (2010).
Support Vector Machines (SVM) approach for the character recognition of Serial is proposed in Li et al (2010).
A recognition rate 98.90% using SVM was reported in Feng e al(2014). The merit of this approach is the ease of
training the dataset. But the algorithm is complex and required huge memory. Also, choice of kernel may
produce different results based on the kernel function used.

Paper currency has many features like colour, texture, size and security. Colour and texture as features on the
paper currency are mostly affected by dirt and weather over a long period of use. The effect of these factors is
that the banknotes may become dirty, torn, worn or fade. These visible features are therefore not reliable and
dependable for paper currency detection and recognition. Serial number is one of the security features on a paper
currency. Other security features on a paper currency are intaglio, security thread, and watermark among others.
But in this research work serial number is used for detection and recognition of paper currency. It is chosen
because it is a currency issuance number and unique identifier. No two banknotes will have similar serial number
and a banknote can only reside in a particular bank at a time. To achieve a fast and correct pattern detection and
recognition system for paper currency it is empirical to reduce the number of feature extracted. This is because
the lower the number of extracted features the faster the processing time. The more the security features
extracted from the currency notes for processing, the higher the processing time and speed. It is best to select
feature(s) that would take less processing time, more discrimination power for quick and faster classification and
high percentage recognition accuracy rather than processing the whole image. With appropriate recognition
technique, the approach using serial number for paper currency detection and recognition is ideal for a real - time
situation.

The cash counter machine is designed to detect the serial numbers on the Naira banknotes. For effectiveness and
reliable system that allows for check and balance required to track criminals demanding for ransom, burgled the
ATM points, producing the counterfeit notes, intercepted and robbed the cash-on-transit van, transactions log
containing the banknotes serial numbers is highly indispensable. Therefore, it is a must to daily create currency
transactions log. This process among other things will offer the following benefits;

- enable on the spot information about the where about of banknotes

- allows the creating of local backup database of banknotes’ serial numbers in banks for proper

accountability. The backup database is assessed to ascertain banknotes carted away from banks during
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robbery or when the ATM point is burgled. Such detected banknotes missing can immediately marked
as exhibit at the National Treasury Database. Whenever and or wherever any of the marked banknote is
presented in any of the financial institution in the country, since already marked as exhibit will be
flagged by counting machine. Through this, surveillance information can be gathered.

SECURITY FEATURES ON NAIRA NOTES

Security features on the Naira banknotes are used for protection and easy recognition of genuine notes from
counterfeits. Paper currency consists of both extrinsic and intrinsic security features. Examples of extrinsic
features are size, width, colour, texture among others, when the examples of intrinsic security features are the
security thread, serial numbers, and water mark among others. Among the features recognizable by touch and
visibility are the raised prints, security thread and water mark. Those embossed are lettering, denominational
numerals on the obverse and reverse notes. The lower denominations as shown on Figure (2.13 — 2.16) are
NS5, N¥10, N20, and N50 printed on polymer substrate, 130 X 72 mm in size, while the higher denominations as
shown on Figure (2.17-2.20) are ¥100, ¥200, 8500 and ¥1000 printed on paper substrate, 151 X 78 mm in
size.

Paper currency visible features like colour, size and texture would have been the easiest and simplest method of
currency recognition but could not be used because none of the visible features can stand the test of time. This is
as a result of banknotes becoming worn, torn or dirty due to poor handling; holding by dirty hands, kept in a
dirty environment or unnecessary exposure making the colour to fade over a period of usage. Money is an
important part of human needs and very indispensable to the economic growth and commercial activities of a
nation. Despite the introduction of Master Cards, the banknote is still in use by many people for their day to day
economic activities and commercial transactions because of its convenience and required little education for
anyone to transact business using it. All economic and commercial activities centered on money.

NIGERIAN PAPER CURRENCY SERIAL NUMBERS

Customarily, every banknote has its unique serial number. Serial numbers are banknotes issuance numbers used
for identification. It is for security and identification of the banknotes. The serial number on each note consists of
numbers and letters differ from one country to the other. The number is printed on banknotes using special inks.
The inks were magnetic and fluorescent. This is done to further enhance its security features. Magnetic inks
make the banknotes to be subjected to a magnetic field during processing in sorting machines. Similarly, serial
numbers printed using fluorescent ink are subjected to the ultraviolet light and if fluoresced then could be
identified as genuine. These numbers are printed in different colours, font styles and sizes on some banknotes
from different countries across the world.

Serial numbers are currency issuance numbers. They are used as currency identification numbers. Every
banknote has its own unique serial number. The serial number on N5, ¥10, ¥20, N¥50, ¥100, ¥200 and N¥500 as
shown on Figure (1.2 — 1.9) is made up of nine (9) alphanumeric characters or digits that differ from one another
out of which two (2) characters are alphabets in capital letters while the rest characters are numbers printed on
the front side of the notes. The serial number on the front side of the N5, ¥10, ¥20 and }50 is printed vertically
along the left side and horizontally in the bottom right corner of the notes while on ¥100, 8200, ¥500, it was
positioned on the left lower and upper right corners of the notes horizontally but left upper, right lower sides of
the ¥1000 notes as shown on Figure (1.6-1.9). However, the higher denominations ¥100, 200, N500 and
N1000 notes are slightly bigger in size 151 x 78 mm with three distinct watermarks comprising of letter CBN,
the value of the banknote and the portrait as pictured on the front of the note. The serial numbers are of the same
number of digits on both the lower and higher denominations but arranged differently.
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Figure 1.5: Fifty Naira Note (Nigerian Paper Currency)
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OVERVIEW OF CURRENCY PATTERN RECOGNITION

Pattern Recognition is a panacea to several problems of recognition or classification of objects. Mayank et al
(2011) define pattern recognition as the science of recognizing patterns by machines, that is, the science of
making machines to behave intelligently in varying environmental conditions as human in recognizing and
classifying patterns into desired categories in an efficient, effective, simple and reliable manner. Gonzalez and
Thomas (1978) define pattern recognition as a classification of input data through extraction important features
from noisy image. It is a branch of Artificial Intelligence. Pattern recognition offers solution to the problems
encountered in the classification or recognizing of objects in face, handwriting, speech, medical diagnosis,
fingerprint identification, optical character, DNA sequence identification among others.
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Pattern recognition enables computer to interact more effectively with humans and its environment or simply the
natural world. Mayank et a/ (2011) opine that having capability of analyzing visual input data from input device
like camera and having capability of making decision on input visual data gives birth to pattern recognition
system on machines, which is the biggest trait of human beings. Reliable and accurate pattern recognition by
machine would be of immense importance to our society.

Paper currency has for example objects like water mark, serial number, security thread and different colours
among others for the sake of security. Any of the desired objects can be extracted as features and recognized by
machines, most especially, serial number in case of this research work, in order to control crimes, stabilize our
economy and monitor circulation of paper currency. Therefore, object detection and recognition for computer
vision is one of the major factors for image understanding. Object can then be defined as a structure within a
document having a specific meaning in the context of the application. Object may be character, symbol or any
disconnected component. Sharma and Kaur (2013) opine that pattern recognition is a panacea to problems that
fall under the category of either recognition or classification, such as speech recognition, face recognition,
classification of handwritten characters, and medical diagnosis among others.

Pattern is made up of similar objects. Importantly, a pattern is an arrangement of objects in a specific order.
Watanabe (1985) defines a pattern as well arranged entity; opposite of chaos. For example, the fingerprint
images defined the fingerprint pattern. Therefore, pattern could be human face, speech signal, fingerprint image,
web page on the internet, serial number, bar code and handwritten cursive word among others. The collection of
similar objects can be grouped into a category depending on their properties. This is referred to as pattern
category of class. Therefore, the pattern of objects in an image can be used to detect or recognize the image. The
given objects are assigned to a prescribed category during recognition. Machine is then trained to observe the
environment, distinguish patterns of interest from their background and make reasonable decisions based on the
classes or category of patterns.

In a pattern recognition system, the input data is captured from the environment by using camera or scanner.
Acquired data is preprocessed to remove noise or extracting pattern of interest from the background. Relevant
features are extracted for recognition. Finally, the classifier based its decision on the descriptor of the extracted
features. The application domain will determine the choice of sensor(s) required, preprocessing technique
suitable, representation scheme appropriate, and the reliable decision making model. Also, there are different
pattern recognition systems available for use in other to obtain the desired solution. In Sharma and Kaur (2013)
and Mayank et a/ (2011), the methods for pattern recognition systems are:

a) Statistical

b) Syntactic

¢) Template Matching

d) Neural Network.

In Statistical method, patterns are analyzed as random variables from which class densities can be deduced.
Classification is done based on the statistical modeling of data. In syntactic approach, a pattern is observed as a
composition of simple sub-patterns which are themselves built from yet simpler sub-patterns, the simplest being
the primitives. Inter relationships between these primitive patterns are used to represent a more complex pattern.
In template matching, prototype of the pattern for recognition is compared with the pattern to be recognized. The
neural network approach is a self-adaptive trainable process that is able to learn to resolve complex problems
based on the available knowledge. The pattern recognition algorithms among others include supervised learning
and unsupervised learning.

There is need for a robust and reliable automatic banknote serial number recognition system with high
processing speed and recognition accuracy. The technology of currency recognition is aimed at searching and
extracting the serial numbers on paper currency for efficient classification. Pattern recognition of Naira serial
number has a capability of reducing banknotes related crimes. Human effort is limited, but technology through
machine learning has a super ability to deliver. Leverage on its versatility, accuracy, high speed, garbage - in
garbage - out, flexibility, and 24/7 non-stop operations capabilities uniquely singled the machines out as the best
offered to control crimes in Nigeria at this tech-age. Automatic recognition of Nigeria banknotes serial numbers
if allowed will prevent forgery, tracked down criminals demanding for ransom, bribe and armed robbers both at
homes, roads and banks. Reliable automatic banknotes serial numbers recognition system will create a positive
impact on our economy and social life by reducing financial crime, improving financial market stability and
social security. Businesses will thrive in a safe and secure society.
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POTENTIAL APPLICATIONS OF PATTERN RECOGNITION

The technology of pattern recognition has been applied in many fields such as artificial intelligence, computer
engineering, nerve biology, medicine image analysis, archaeology, geologic reconnoitering, space navigation,
armament technology and so on. It is generally used in area of science and engineering that studies the structure
of observations.

With the development of modern banking services, automatic methods for paper currency recognition become
very imperative in many applications such as in automated teller machines and automatic goods seller machines.
The various potential applications of Pattern Recognition among others but not limited to these are explained
below:

i) Optical character recognition (OCR) is becoming an integral part of document scanners, and is also used
frequently in banking and postal applications. Printed characters can now be accurately recognized, and the
improving performance of automatic recognition of handwritten cursive characters has diminished significantly
the need of human interaction for OCR tasks.

il) Automatic speech recognition is very important for user interaction with machines. Commercial systems for
automatic response to flight queries, telephone directory assistance and telebanking are available. Often the
systems are tuned to a specific speaker for better recognition accuracy.

iii) Computer vision deals with the recognition of objects as well as the identification and localization of their
three-dimensional environments. This capability is required, for example, by robots to operate in dynamic or
unknown environments. This can be useful from applications ranging from manufacturing to household cleaning,
and even for rescue missions.

iv) Personal identification systems that use biometrics are very important for security applications in airports,
ATMs, shops, hotels, and secure computer access. Recognition can be based on face, fingerprint, iris or voice,
and can be combined with the automatic verification of signatures and PIN codes.

v) Recognition of objects on earth from the sky (by satellites) or from the air (by airplanes and cruise missiles),
is called remote sensing. It is important for cartography, agricultural inspection, detection of minerals and
pollution, and target recognition.

vi) Many tests for medical diagnosis utilize pattern recognition systems, from counting blood cells and
recognition of cell tissues through microscopes to the detection of tumors in magnetic resonance scans and the
inspection of bones and joints in X-ray images.

vii) Many large databases are stored on the repositories accessible via Internet or otherwise in local computers.
They may have a clear structure such as bank accounts, a weak structure such as consumer behavior, or no
obvious structure such as a collection of images. Procedures for finding desired items (database retrieval) as well
as to learn or discover structures in databases (data mining) are becoming more and more important. Web search
engines and recommender systems are two example applications.

viii) Banking Applications: Detection of counterfeit notes and many other automatic banking operations like
bank cheque processing, Automated Teller Machine (ATM),

ix) Automatic Selling of Goods: Automatic machines capable of recognizing banknotes are used in automatic
dispensers of different products like cigarettes, bus tickets, vending machines,

x) Vehicle License Plate Recognition,

xi) Assisting visually impaired people.

CONCLUSION

The proposed system uses the serial numbers for the paper currency detection and recognition. The extracted
feature allows for a fast and correct pattern detection and recognition system for paper currency. This is because
the lower the number of extracted features the faster the processing time. The more the security features
extracted from the currency notes for processing, the higher the processing time and speed. It is best to select
feature(s) that would take less processing time, more discrimination power for quick and faster classification and
high percentage recognition accuracy rather than processing the whole image. With appropriate recognition
technique, the approach using serial number for paper currency detection and recognition is ideal for a real - time
situation.
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