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Abstract

This project aims to recognizing an entered banknote, implement of a practical
circuit to receive the entered banknote and printing a thirteen number (serial number of

mobile card) having a costal value equal to that of the entered banknote.

The problem in this project is that how to recognize among different multiple banknotes
(20, 50, 100 & 200NIS), also to decide whether the entered paper is really a banknote or

any other paper.

After image processing of banknotes, if it is true the printer prints the mobile card

number, else; the machine returns it back to the customer.

This project simplifies the selling process that is it performs the selling process by itself,

and can be found in cafes, hospitals, streets, sale points, etc.
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1.1 Introduction

A vending machine is a machine that sells some merchandise when a customer
deposits money, validated by a currency detector, sufficient to purchase the desired item
such as soft drinks, chocolate, cigarettes...etc. The project is aimed to design pre-paid
cards serial numbers for mobile phones vending machine using PC that has the ability to
accept a banknote value type such as ( 20 New Israel shekel ( NIS), SONIS, 100NIS, and
200NIS) from the user and deliver the selected item to the user.

The project will give a simple practical design that can be implemented in the
future in our region. This design of the machine includes PC, banknote recognizer unit

including a camera, and printer.

1.2 Proposed project

There are many applications used in daily life that treat and react with images,
pictures, banknotes, coins, many in general. All the previous need what is known as
image processing. Let us give a practical example "the vending machine " This machine
sells hot or cold drinks, and needs providing money by the user.

- =

The main problem of that machine is how to recognize the entered banknote,

with respect to its value, and whether it is real or not.

The suggested solution is to capture more than one image for each banknote

value type (many images of a 20 NIS, 50 NIS, etc.). Also those images should be for
both sides of the banknote.




The captured image is to be stored in the database of the system, then to be
processed and analyzed using visual C++ software and using a certain circuit that

- compares among a new entered banknote and the old ones stored in the database.

1.3 project importance

The following points explain the impact of the PC vending machine on many
aspects of life and clarify the importance of the vending machine by giving many
examples.

1- We can now purchase all kinds of drinks, chocolate, newspapers, and pre-paid
cards for mobile phones. The list is inexhaustible.

2- We are now living in a fast-paced, automated world whereby we will like
everything to be fast, effective and convenient. We have benefited from the usage of
vending machines around us that we are not even consciously aware of their important

in our everyday life.

(U5




1.4 Estimated cost

The following table specifies the estimated total for the different components in

the project.

Table (1.1): Hardware estimated cost

Object Number cost

1| Personal Computer( PC) Pentium 111
(800 Mega Hertz (MHz),512 RAM,20 | 1 $200 .
Giga Bytes(GB), Hard disk)

2 | Camera 1 §10

3 | Stepper Motors 3 $3

4 | Power supplies (12 V,15 V,5V) 2 $50

5 | Cable and connectors 2 $10

6 | Light Dependent Resistors (LDR) | $10

7 | Printer HP3000 1 $50
Paralle] Port Cable 1 $5 -

9 | Relay 2 §5

10 | Lamp 2 $10

11 | Cabinet Box 1 $30
Total $383




Table (1.2): Software estimated cost

Object Number cost
1 Visual C++ 2003 1 100
2 Windows XP 1 $50

Total $150

1.5 Project Scheduling

The timing management will divide the system hierarchy according to the
dependent and independent actions. This process will explain the critical path of the

systems.

The project activities here depend on each other, so the task durations and

dependencies are the following:-

T1: Preparation of the project: here we introduce to start in the project and discuss with
the advisor to initialize the project, and preparing the group and evaluate the project

=

tasks and levels. At this period we explain the system requirements.

The project consists of four major high level parts:
° Software: design program software using MATLAB.
° Convert MATLAB code to C++ programming language.
® Hardware: build the Banknote Depositing.
° Interface: interface between the code and the Banknote Depositing to work

properly.
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T2: The project searching and analysis: at this period we start the first step to search
and analyze the project, collect information and data about the project levels and
sublevels, tasks and subtasks, there are many resources to searching and analyzing the
concepts.

T3: Write the MATLAB code.

T4: The project requirement analysis: the project has many tasks and equipments that
must be provided and explained to implement the final project to achieve the system
requirements and tasks. The system has hardware and software requirements which must
be achieved through the prototype and final presentation.

TS: Convert the MATLAB program to Visual C++ Programming language.

T6: Build the Banknote Depositing and connect the printer.

T7: Interface between the software and hardware.

T8: Test the project: we will test the project and implement it to insure that the system
and user requirements levels are achieved or not, to adjust the problems and errors in the
project and can maintain it, and then try to test and execute it again.

T9: Documentation writing: the writing begins with us from the first step to the last one

in parallel.




Table (1.3) shows the time plane in our project

Table (1.3) Time Plan

Task Name Feb07 | Mar07 | Apr07 |May 07 [ Sep07

Preparing Team and [f|
Project

Searching and
Analysis

Write MATLAB

code and Testing

System

Requirements

Convert MATLAB
to VC++ 2003 Code

System Design

Interfacing

Testing

Documentation




1.6 Project Risks

The project must reach to high performance and more security to work perfect, but

some risks may be occur during the design, manipulation, and testing. Some of these

risks are:

e The devices may be not found here, this leads to delaying the collection of the

machine.
e The recognized banknote will not work perfect any way.

e Not reaching to top security when recognizing the banknote.

1.7 Projects Scope

After completing the main requirements of our project, it can be used in a range
widely in our life:
e Communication company. :
e Point of sale.
e University.

e Hospital.



1.8 Documentation Outlines

Chapter two introduces and illustrates the idea of the project. It describes the

components which are used in the project.

Chapter three introduces the design in details, shows the general block diagram of the
system and explains how the system works.

Chapter four "hardware System Design" shows the system hardware, flow charts,
connections and circuits.

Chapter five "Software System Design" shows the system software flow charts, and
subroutines.

Chapter six "Implementation and Testing" discusses the steps followed to implement
and test our own design.

Chapter seven "Conclusion and Future Work" provides many suggestions to expand

this project and summarizes the project conclusions.



Chapter two
Theoretical Background

2.1 Introduction

2.2 system requirements
2.3 project components
2.4 Image Processing

2.5 Recognize Image
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2.1 Introduction

This chapter focuses on the theoretical subjects related to the main idea of the

project, and information about the components used in the project and also some shape

designs about the commercial vending machine.

2.2 system requirements

This section is a listing of the main requirements that must be met in our project,

in order to set the main services that will be provided.

2.2.1 User requirements

These are our system requirements for the PC vending machine users.

2.2.1.1 Functional requirements

® Depositing the banknote.

e Receiving the item.

2.2.1.2 Non-functional requirements

® Speed: The user can use the PC vending machine at an appropriate speed.

11



Flexibility: The PC vending machine will provide the user with a higher
flexibility of usage.

e Ease of use: User can easily use the vending machine.

e Accuracy: The vending machine takes user events accurately without any error.

o Efficiency: The vending machine can take the place of traditional selling

methods.

2.2.2 System requirements
2.2.2.1 Functional requirements

e Allow the user to deposit a banknote.
e Recognize the banknote.
o Reject the request, if no item.

® Reject the request, if incorrect banknote.

2.2.2.2 Non-functional requirements -

° Low power consumption.

e Fast response and speed: The vending machine must responds to the user's action

within a limited period of time.

e Efficiency: The vending machine will be accurate, and maintainable.
o Performance: Vending machine gives user greater performance, and high-speed

interaction with the users.

12



2.3 project components

The project has many components which are listed in the following and shown in
figure (2.1). These components are:

- Banknote Depositing (camera, and banknote recognizer).

- Prnter.

- Cabinet Box.

- PC "Personal Computer".

PC Cabinet

Computer Gamera Box

Printer

Figure (2.1) project component

2.3.1 Printer

The printer is used to copy the mobile card serial number with any object of

banknote.

13



2.3.2 Banknote Depositing

This part responsible for accepting the banknote deposited from the user and
transferring a banknote to the camera to capture it. This part contains a camera, and

stepper motor to move a banknote to the correct position.

2.3.2.1 Camera

This part is responsible for capturing a banknote deposited from the user, to start

the recognition as will be explained later.

2.3.2.2 LDR (Light Dependent Resistor)

LDRs are very useful especially in light/dark sensor circuits, figure (2.2).
Normally the resistance of an LDR is very high, sometimes as high as 1 M Q, but when

they are illuminated with light resistance drops dramatically.

==

This part is responsible for the beginning of the banknote capturing process it

uses the led and the inverter.

14



LIGHT DEFENDRENT RESISTOR

Figure (2.2): LDR [13]

2.3.2.3 Relay

A relay is an electrical switch that uses an electromagnet to move the switch
from the off to on position instead of a person moving the switch. It takes a relatively
small amount of power to turn on a relay but the relay can control something that draws

much more power.

Figure (2.3): relay [12]

2.3.3 Cabinet Box

This part consists of stepper motor, its driving circuit, belt, camera, LDRs and

lamps (our project hardware).

15



2.3.3.1 Stepper Motors

A stepper motor is an electromechanical device which converts electrical pulses
into discrete mechanical movements. The shaft or spindle of a stepper motor rotates in
discrete step increments when electrical command pulses are applied to it in the proper
sequence. The motors rotation has several direct relationships to these applied input
pulses. The sequence of the applied pulses is directly related to the direction of motor
shafts rotation. The speed of the motor shaft rotation is directly related to the frequency
of the input pulses and the length of rotation is directly related to the number of input
pulses applied.

A stepper motor can be a good choice whenever controlled movement is
required. They can be used to advantage in applications where you need to control
rotation angle, speed, position and synchronism. Because of the inherent advantages
listed previously, stepper motors have found their place in many different applications.
Some of these include printers, plotters, high end office equipment, hard disk drives,

medical equipment, fax machines, automotive and many more.[7]

Figure (2.4) stepper motor [7]

16



2.4 Image Processing

2.4.1 Introduction

This section discusses how to find the features of an image, recognition image and

comparisons between input images with many images in database using many methods.

2. 4.2 Digital image processing

An image may be defined as a two-dimensional light intensity function f(x,y),
where x and y are spatial coordinates, and the amplitude of f at any pair of coordinates
(x,y) is proportional to the brightness or (gray level) of the image at that point. When X
¥, and the amplitude values of f are all finite, discrete quantities, we call the image a
digital image. The field of digital image processing refers to processing digital image by
means of digital computer. Note that a digital image is composed of finite number of
elements, each of which has a particular location and value. These elements are referred
to as picture elements, image elements, pixel, or pels. Pixels is the term most widely
used to denote the elements of a digital image. A digital image can be cons1dered a
matrix whose row and column defies a point in the image and the corresponding matrix

element value identifies the gray level at that point.

17




2.4.2.1 Coordinate Conventions

The result of sampling and quantization is a matrix or real numbers. An image
f(x,y) is sampled so that the resulting image has M row and N columns, we say the
image is of size M*N. the value of the coordinates (%,y) are discrete quantities. For
notational clarity and convenience, we use integer values for these discrete coordinates.
In many image processing books, the 1mage origin is defined to be at (x,y) = (0,0). The
next coordinate value along to the first row of the image are (x,y) = (0,1). The notation
(0,1) is used to signify the second sample along the first row. It does not mean that these
are actual values of physical coordinates when image was sampled. Figure (2.6) shows

this coordinate convention.

Gkl e o2 Sa B N
Do ¥
1 - - - . - - - - - -
2 o R S e R
TR SRR P SreARE SR Sy
AT e St S
S e R e e
S e S R e .
s L T AR s R ST B SR G o
et .05 o e O S8
Y e R I T
- fﬂ'———i; - - . - - - o - - » =
T One nixel —
e

Figure (2.5): image coordinate convention [1].

2.4.2.2 Image as Matrices

The coordinate system in figure (2.6) and the preceding lead to the following

representation for a digitized image function:
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The right side of this €quation is a digital image by definition, each position of this array

is called pixel, the terms image and pixel are used throughout the rest of our discussion

to denote a digital image and its elements.

2.4.3 Color Space

A color space is defined as a model for representing color in terms of intensity
values. Typically, a color space defines a one- to four-dimensional space. A color
component, or a color channel, is one of the dimensions. A color dimensional space (i.e.
one dimension per pixel) represents the gray-scale space. The following two models are

commonly used in color image recognition.

2.4.3.1 RGB color model

The RGB color model is composed of the primary colors Red, Green, and Blue.
This system defines the color model that is used in most color raster graphics. They are
considered the "additive primaries" since the colors are added together to produce the

desired color. The RGB model uses the Cartesian coordinate system as shown in Figure

19




(2.7). Notice the diagonal from (0, 0, 0) black to (1, 1, 1) white which represents the
grey-scale.

B Iagenia R

Figure (2.6): RGB coordinates system [10].

Figure (2.7): RGB color model [10].
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2.4.3.1.1 Gray Scale

Convert an image from RGB to Gray that:
» Makes processing easier.
* Reduces the amount of information.

* Makes some of the theory simpler.

2.4.3.1.2 Convert RGB to Grayscale

This cases use to convert RGB to grayscale.
" ChsE ) =)o) e S L S 2.1)
Our eyes are more sensitive to green

o Gl ()=S0 500 SO S S (2.2)

2.4.3.1.3 Histogram

The histogram of an image with gray levels in [0,L-1] is a discrete function
Where rk is the kth g;ay level, nk is the number of pixels in the image With tat gray
level, n is the total number of pixels in the image, and £ = 0,1,2...L-1.
Under the ergodicity assumption p(7k) provides an estimate of the probability of
Occurrence of gray level rk. A plot of this function for all values of & can provide a

Crude description of image’s appearance.

21




It’s obvious that the spread of values and the shape of the gray level distribution
Provide useful information about the content of an image. In order to quantify this

Information, several features can be extracted.

Image histogram is a chart that shows the distribution of intensities in an image, figure

(2.9) shows the histogram for gray image.

gray Image
;. i
(a) ()

Figure (2.8): a) gray image, b) histogram

<- Jonal BEange =

Figure (2.9): image histogram [9]

A histogram is a method used to describe the frequency distribution of a digital
signal. Histograms are composed of multiple bins, with each bin corresponding to a
range of values. The value of each bin is obtained by summing the occurrences of digital
signal samples whose values fall in the domain of that corresponding bin as in figure
(2.10). We assume that all the images are scaled as a discrete color space which contains

the same pixels of n. The histograms are the feature vectors to be stored as the index of

the image database.

22




Histogram can have different number of bins, it done by divide the maximum value of
pixel over 4, 8, 16, and 32, figure (2.11) shows the histogram for different bins.

If the maximum value equals 255, and we want 16 bins histogram, we divide
each pixel of the image over 16,

12000f

13 1 6

“,l||||||,||||...
A :
c

223

c 2 ico 153 20

Figure (2.10): histogram bins
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2.4.3.1.3.1 Implementation:

» For intensity images: One dimensional array of integer's [0. Bins]

» For colored images: 3-dimensional array of integer's [0...Bins for Red, 0.. Bins for
Green, 0...Bins for Blue].

The characteristics of histogram are as follows:

Image histograms are used to compare images in many applications. Their

advantages are efficiency, and insensitivity to small changes in camera viewpoint.

e It is robust, since the color histogram is invariant to rotation of the image
on the view axis, and changes in small steps when rotated otherwise or
scaled.

e It is simple to implement.

e Itis fast.

° Has a low storage requirement. The color histogram size is much smaller
than the size of the image itself.

e No spatial iglfofmation is included: thus two completely different images
may have similar histograms.

e Lighting conditions may alter the histogram of an image.
2.4.3.1.3.2 Possible problems in Conventional Histogram
Images with same visual information but with shifted light intensity may

degrade the similarity level significantly if conventional histogram method is used.
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Histogram is very sensitive to lighting conditions due to the nature of color
space. Perceptually, similar colors are interpreted as completely different thus giving
no appealing results. In figure (2.11), (a) is original image, and (b) is intensity shifted
image that has different brightness condition, Figure (2.12). Is original histogram and
Intensity histogram of images with intensity shift.

In figure (2.11), and figure (2.12), the similar histograms in different brightness
conditions of the two pepper images are shown. The intersection of the two
histograms holds a result of smaller value, although the two images are highly

visually similar [2].
W

J,!. B lk :.u
N

Figure (2.11), a) The original image, b) and Intensity shifted image [2].

= oOrigenalimage
il . intensity shifted image

4 *"
o i Hir;t-enasity
Figure (2.12): Original histogram and Intensity histograms of images with intensity

shift [2].

The histogram method computes 64 bin gray level histograms of the two

images and Euclidean distance measure is used to find the histogram difference.
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Figure (2.13): Two images with similar color histograms [8].

The images shown in figure (2.13) have similar color histograms, despite
their rather different appearances. The color red appears in both images in
approximately the same quantities. In the left image the red pixels (from the flowers)
are widely scattered, while in the right image the red pixels (from the golfer's shirt)

form a single coherent [8].

2.4.3.1.3.3 Comparing Histograms

Is done by calculate the distance between points in the image Histograms equivalent

metrics.
Distance =Y AT —BID . ioooi v e vesest Seuass s e (2.3)
Where:

A the histogram of image one.
B: the histogram of image two.
I: the ith entity of image histogram.
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2.4.3.2 HSV Color Model (Hue, Saturation, Value)

The HSV stands for the Hue, Saturation, and Value based
Shade, and Tone).

on the artists (Tint,

H: what color is it?
S: How strongly colored is it.
V: How bright or dark is it.

The coordinate system in a hexatone in Figure (2.14) a view of the HSV color
model. The Value represents intensity of a color, which is decoupled from the color
information in the represented image. The hue and saturation components are
intimately related to the way human eye perceives color resulting in image
processing algorithms with physiological basis. As hue varies from 0 to 1.0, the
corresponding colors vary from red, through yellow, green, cyan, blue, and magenta,
back to red, so that there are actually red values both at 0 and 1.0. As saturation
varies from 0 to 1.0, the corresponding colors (hues) vary from unsaturated (shades
of gray) to fully saturated (no white component). As value, or brightness, varies from

0 to 1.0, the corresponding colors become increasingly brighter [10].

Value

— Saturation

Figure (2.14): HSV coordinates [10].
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2.4.4 Color conversion

2.4.4.1 RGB to HSV conversion

In Figure (2.15) the obtainable HSV colors Jie within a triangle whose vertices are
defined by the three primary colors in RGB space:

BLUE

RED GREEN

Figure (2.15) Obtainable HSV color from RGB color space[10].

The hue of the point P is the measured angle between the line connecting P to
the triangle center and line connecting RED point to the triangle center. The
saturation of the point P is the distance between P and triangle center. The value
(intensity) of the point P is represented as height on a line perpendicular to the
triangle and passing through its center.The grayscale points are situated onto the

same line. And the conversion formula is as follows:

*R, G and B should be normalized Between [0..1]
* Hin the range [0..360]
* S and V between [0..1]
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SIR-0+@- 5]

1

H =cos
V& -3 +(&- B)G-5)
................ (2.4)
B
e RO (2.5)
1
e R G
3( + G+ ) ............... (2.6)
2.4.4.2 Kdge Detection

There are many Gradient-base methods available such as Sobel operator,

Roberts Cross operator and canny operator.

Sobel edge detection uses the Sobel masks to calculate the gradient magnitude.
The Sobel masks are shown in Figure (2.16). With Sobel edge , we could easily get
the distinct edges of an image in both horizontal and vertical directions. For fast

computation, we use the approximated gradient magnitude calculation G| = |Gx| +

|Gyl
-1 ] 0 |=+1 +1 [ +2 | +1
21 0 |+2 o|0]| 0
-1 0 |+1 =1E=2 =1
= Gx Gy

Figure (2.16) the two kernels for Dx & Dy.

Edge detection is a problem of fundamental importance in image processing.

The goal of edge detection is to mark the points in images at which the intensity

changes sharply.




2.4.4.2.1 Edges can reflect:

— Discontinuities in depth, or surface orientation
— Changes in material properties.

— Variations in scene illumination

Original image ~ Sabel filtered image

4 e
, ;‘",i.’" -
.!:.“-__,.’
o

)

e
a2
AJX

Figure (2.17) edge detection

2.4.4.3 Sobel steps:

There is one step to find sobel edge and the other steps are for calculating the

orientation histogram.

Stepl: Find the edge strength by taking the gradient of the image. The Sobel
operator performs a 2-D spatial gradient measurement on an image. Then, the
approximate absolute gradient magnitude (edge strength) at each point can be found.
The Sobel operator uses a pair of 3x3 convolution masks, one estimating the gradient

in the x-direction (columns) and the other estimating the gradient in the y-direction

(rows).
The magnitude, or Edge Strength, of the gradient is then iApeEa T e
the formula:
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An approximate magnitude can be calculated using;

IG' = lGxI et 'Gyl ............................................ (28)

Step 2:

Finding the edge direction is trivia] once the gradient in the x and y directions
are known. However, you will generate an error whenever Gx s equal to zero. So
in the code there has to be a restriction set whenever this takes place. Whenever the
gradient in the x direction is equal to zero, the edge direction has to be equal to 90
degrees or O degrees, depending on what the value of the gradient in the y-direction
is equal to. If GY has a value of zero, the edge direction will equal 0 degrees.
Otherwise the edge direction will equal 90 degrees. The formula for finding the edge

direction is just.

O=tan (GGt oo f e (2.9)

Step 3:

Make histogram for the orientation or theta.

2.4.4.4 Sobel Explanation

The mask is slid over an area of the input image, changes that pixel's value
and then shifts one pixel to the right and continues to the right until it reaches the end
of a row. It then starts at the beginning of the next row. The example below shows

the mask being slid over the top left portion of the input image represented by the

s . o 0 ld
green outline. The formula shows how a particular pixel in the output image wou

be calculated. The center of the mask is placed ov

the image, and the I & J values are used to move the f1
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boundaries.
Input Image
g Mask Output Ima
ge
ay aiz dg a
L My My Mg bn b12 b b
13 1
ay =07) ax =0 m “I i :_:”
21 m m | !
. 2 b by | bz | bp b
: i I
a3 257 azm ! oo az m
3t Mz Mz b31 b‘]z b33 b3|

bz = (1" M) + (@M + (@™ M) + (A2 May) + (32" Myy) + (322°My) + (35" Ma) + (331" M3y) + (8" M) + (B’ M)

Figure (2.18): image convolution [11].
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Chapter 3

Architectura] Design

3.1 Introduction

3.2 objectives

3.3 Block diagram.

3.4 How the system works

3.5 System Model
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3.1 Introduction

how it works.

3.2 objectives

" Pemuie Rl facependent 2O pre-paid cards for mobile phones vending

machine.

= Designing a banknote recognizer unit which has the ability to recognize the
banknote.

3.3 Block diagram

Figure (3.1) shows the general block diagram for a vending machine. It contains

three parts:

= Input part: This part is responsible for all inputs to the PC; this contains the
banknote depositing to enter the banknote, and the camera to~capture
banknote.

" PC Pentium III: This part is responsible for all operation such as recognition

the banknote, activation of motor, printer, camera, and comparison between
the value of the banknote and price of product.

i : ¢

® Output part: This part 1s responsible for printing the serial number of produc

to the user.

i 2) sh the
Figure (3.1) shows the general block diagram, and figure (3.2) shows

complete system block diagram.
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Figure (3.1) general block diagram
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Figure (3.2) complete system block diagr
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3.4 How the system works

world. When the user deposits the banknote the controller recognizes the banknote
entered and compares with database (the mechanism to recognize the banknote is
described in chapter 4). If banknote entered is wrong, return the entered banknote to

the user, if true, print the serial number of the card that its price equals the banknote.

3.5 System Modeling

In this section we will view the model that describes the functionality of our

system components in both hardware and software.

3.5.1 Flow Chart

Figure (3.3) shows the flowchart of selling products
The user input the banknote that breaks the light of the first sensor(LDR1),

sensor send signal to motor to start rotation, the rotation of motor makes the belt to
start moving, that carry banknote inside, if the banknote reach the second
sensor(LDR2), the sensor send signal through the parallel port to camerg to start
capturing, the image capturing go through the USB to the PC to start image
recognition, if the banknote correct( find in database) send 13 number( serial number

: it.
of mobile card) to printer to print it else return the banknote to user to change i
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Figure (3.3) flow chart
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Chapter Foyy

Hardware Design

4.1 Introduction
4.2 Banknote Depositing
4.3 Circuit Design
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4.1 Introduction

The system Hardware design contajns: the electric

banknote recognizer.

4.2 Banknote Depositing

Consists of following components:
- Two LDR.

- Two laser lamps.

- Two transistors (amplifiers).

- Stepper motor.

- Two relay.

- Belt.

When the user entered a new banknote:

1- The banknote breaks the light of laser lamp.

2- Sensor sends signal to motor to start rotation.
3- The start rotation of motor makes belt to start moving that carry banknote

inside.
4- The rotation of motor can't stop until braking light of laser lamp.

5- If the banknote reach the second sensor, the second sensor send signal through

the parallel port to the camera to start capture the banknote.
hms to start recognizing.

6- The picture goes to the software algorit .
nable the printer to print the mobile

7-If the banknote is true (found in database), €
nknote.

card serial number with price equal the entered ba
the banknote to the user.

8-If the banknote bad (not found in database), Tt
- 389




9- The relays used tq control the sensors voltage and current

4.3Circuit Design

<

Figure (4.1) show the banknote depositing, This circuit show how connect all the
components together, to work well.

Start rotation to

; Input the banknote
Vi
12V RLY1 steper
+V SPDTRELAY @ /
Camera i
5V
O
1k +V5Vv

+V

RLY2
SPDTRELAY
= V3
12v

-—
+V

R3
1k

Figure (4.1): banknote depositing
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Chapter Fiye
Software Design

5.1 Overview

5.2 Functional Requirement

5.3 Non Functional Requirement
5.4 Algorithms

5.5 Mat lap Software Code

5.6 Visual C++ software code
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5.1 Overview

The Software functions include Writing a progra

mobile card serial number.

5.2 Functional Requirements

The functional requirements of the project are:
-Recognizing a Banknote deposited by user.
-Print the Mobile Card Serial Number.

5.3 Algorithms

In this section the main parts of the program are going to be explained. These

parts are banknote recognizer; print the mobile card serial number.

-

5.3.1 Banknote Recognizer

o sensors and motor, the check

Banknote recognizer consist of two Lamps, tw
base that like the input

will depends if there found same banknote from data
banknote if found print the serial mobile card serial number tha

banknote if not found return the banknote to the user to change it.

t its price equal the
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5.3.2 Motor

to start rotation ,the belt start moving to carry

second LDR send signal to camera to start capturin
2

53.3 Cameré

If the banknote reaches the second LDR, the second LDR send signal to
camera to take picture for the banknote, the captured image goes to PC to start

recogmtlon

5.3.4 Printer

After recognizing the banknote through the software and find equal one in
database that mean the banknote is true then the printer print 13 numbers (the mobile

card serial number) with equal price of the interred banknote.

=

5.4 MATLAB Code

We using MATLAB program initially in our project testing, because some

image processing classes were built, that easy to use and understand the output of all

step in image recognition methods that we used in our project se¢ appendix
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5.5 Visual C++ software code

, We
and Orient Edge detection methods are the best methq

implement these methods in VC++ gee appendix.
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Chapter Six
Testing

6.1 Software

6.2 Hardware
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6.1 Introduction
This chapter talks about the test for oy Project th

at includes gofy
war
pardware € and

6.2 Software test:
In our project the testing operatiop divided to tyq part software testing and
; Ing an
hardware testing.

6.2.1MATLAB:

We use MATLAB to check which method of image recognition methods is
the best to use it in our project.
We put in database 100 pictures(25 for banknote 20,25 for banknote 50,25 for
banknote 100 and 25 for banknote 200) then we take new picture as input then run
our codes to return four image from data base that's have minimum different of input
image.
I- we compare images by subtraction of the matrices for these images but the result

is not good to use it in our project because any shift for the image pixels well return

different subtraction.

2 we compare images using HSV the recognition, if we take 100 different input

images for each banknote the result, table(6.1) show these result testing. =~

Table (6.1): HSV testing
r\%t HSV result Percentage
Banknote 20 56/100 56%
Banknote 50 70/100 70%
Banknote 100 40/100 40%

'l\
T
'3\

Baii TvE
] 65%
4 00 e
5 Banknote 200 65/1 e
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figure (6-1) show the input banknote, its HSV, and the fiearest four imageg f
$ Irom

Jatabase.

<) Figure 1
File Edt View Insert Tools Desktop Window Help

Orig-i.nal lmage HSV for the Original Image

r;:“?.-
;“i o2
HSV histigram Processed Image HSV histigram Processed Image
A .
T =3
B By
ey :
HSV histigram Processed Image HSV histigram Processed Image
e § TE"
h:—‘_-‘—
.:‘.T:T‘i:
i

Figure (6.1): the nearest 4 images by using HSV_ histogram
But we need more efficient results.

: _ ; 1
S we use gray histogram, figure(6.2) show the gray scale for input image 2, table
(62) show the result testing for the input banknote and the database.

Table (6.2): gray histogram testing

S e
’\W Gray histogram result _pffeita-g_e_’
¥ %
! | Banknote 20 74/100 T
i 78%
2 | Banknote 50 78/100 G
9 80%
Banknote 100 80/100 s et
by 64%
Banknote 200 64/100 L et
T
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QOtiginal Image

‘B e
el i
6)) ®)

Figure (6.2): a) input image, b) grayscale for image a,
The gray histogram will change for the same image if we take the pictures in
different lightness.

4 we use RGB Histogram:

Table (6.3): RGB Histogram testing

object RGB histogram result | percentage
1 | Banknote 20 93/100 93%
2 | Banknote 50 | 90/100 90%
3 | Banknote 100 | 92/100 92%
E Banknote 200 | 89/100 89%
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¢ Figure 2

ﬁe » Edit View Insert quls Desktop  Window Help
DSES & A_N® ¢ 08 =@ -

Original Image
ray |
o T
el ok
Processed Image by RGB histogram Processed Image by RGB histogram
¥ £5%
P il

Processed Image by RGB histogram Processed Image by RGB histogram

L R

o

it 1

Figure (6.3): the correct 4 image using histogram.

5" we use Sobel edge detection

Table (6.4): Sobel edge detection testing

object RGB histogram result | percentage
1 | Banknote 20 90/100 90%
2 | Banknote 50 89/100 89%
3 | Banknote 100 82/100 82%
4 | Banknote 200 88/100 88%
| e
((— A . - ¢ o o \\
Ve, oawld iSiyly) daely
49 >3 ‘t Palestine Polytechnlc University
T== L The Library duiesd! —
AccC. 23?/2' ...................... Jonkiail | 4 )
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Original image Sobel filtered image
II E = .

(a) (b)
Figure (6. 4) : a) input image , b) Sobel edge for a.

6.2.2Visual C++

Through MATLAB testing we build the RGB Histogram and sobel edge
detection.
The database contain 16 images (4 for banknote 20, 4 for banknote50, 4 for

banknote 100 and 4 for banknote 200).

6.2.2.1 RGB Histogram

There are 3 arrays
The maximum color in the image is 255 so the array length is 256 but we convert it

to 32 to make processing faster by divided the max color with 8.[max color /8].

0. 31 for red histogram.
0..........31 for green histogram.
0. e 31 for blue histogram.
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We make these arrays in to one vector:

0| HistR[32] [31[32[HistGP32] 63T ¢a Hist B[32] | 95

For inp ut_ image we make RGB Histogram and compare it with database histogram to

return one image which has minimum resuit (Dis).

Distance=,/>" (4i-Biy2

6.2.2.2 edge Aorientation Histogram

We take histogram for theta (orient) that done in Sobel edge detection.
The orientation between O........ 360 degree, but we take it from 0 to 35 by

[orient/10]
And do the same in RGB histogram for input image to return equal image from DB.
6.2.2.3 RGB Histogram and orientation Histogram

We take RGB histoéram and Orient histogram in one vector:
0 RGB[96] 9596 | Historient[36] 131

And do the same in RGB histogram for input image to return equal image

from DB.
If we take 100 different picture
banknote 50,100 for banknote 1

with database, the testing result:

s for the same kind (100 for bank note 20,100 for
00 and 100 for banknote 200) and compare them
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Table (6.5): VC++ codes testing

method Banknote 20 [ Banknote 50 Banknote 100 | Banknote 200
1 | RGB Histogram 94/100 93/100 91/100 96/100
(94%) (93%) (91%) (90%)
2 | Orient Histogram 92/100 90/100 91/100 92/100
(92%) (90%) (91%) (92%)
3 | RGB &_ orientation | 96/100 92/100 91/100 95/100
histogram (96%) (92%) (91%) (95%)

6.3 Hardware Test

This section discusses the steps we followed to test our design the circuits we

implement during developing this project.

6.3.1 LDR

LDR are being used to know is there a new input banknote and to start

camera capturing. -

6.3.2 Stepper motor

=

The'motor was chosen to implement the banknote depositing were stepper

motor which is very easy to use and control, the stepper motor used, provides enough

torque which has ability to belt that carry banknote inside.

3




mplemented with the dimensions and shape in the

<e a picture of input banknote and send it to software

hoto diode was broken, the second LDR send signal to
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7.1 Conclusions:

e The main difficulty to implement this project is to detect the incorrect
banknote.

o It was decided to depend on the kind of paper which banknote made by, size
and drgwmg on the banknote but because of not getting the sensor we depend

on the size, drawing and colors.

e Vending machine is a full automated machine facilitates the life of the human

in different aspects.

7.2 Future Work:

e Because we haven’t found a sensor for sensing the kind of paper which
banknote made the banknote recognizer unit has been implemented
depending on the size, colors and drawing which banknote have by using
software processing algorifhms.

e Return reminder to user if the banknote large that card price.

o Change the PC by using Microcontrollers.

o Sell the products cards rather than printing the serial number of mobile cards.
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APPENDIX A

Mat-lab codes

RGB and Gray Histogram

%claer all;
function [x] = images2hist(file name)
load('all_img_histS.mat")

img = imread ("f:\p.jpg");
figure(1)

subplot(1,2,1)
imshow(img)
title('Original Image');

r_hist = imhist(img(:,:,1));
g hist = imhist(img(:,:,2));
b_hist = imhist(img(:,:,3));
hist img = [r_hist;g_hist;b_hist];

for j=1:13,
img_def = s(j).hist_img - hist_img;
img_defl = sqrt(sum(img_def .*2));

a(j)= img_defl;

end
y=sort (a)
Yow= a(:,13); A
whos y;
for k=1:4,
for j=1:13,
if (y(k)==a(}))
p=(s(j).location);
figure(2)
subplot(2,2,k)
figure(2), imshow(p);
title('Processed Image')
end
end
end



database histogram

function [x] = save_hist ()
s = struct( 'tmg_index', {} , location'
av_files = dir(‘c:\pics\* jpg'
for j=1:13,
s(j)-img_index = j;
s(j)-location = ['c:\pics\' av_files(j).name] ;
imgl = imread(s(j).location);
r_hist = imhist(imgl(:,:,1));
g_hist = imhist(imgl1(:,:,2));
b_hist = imhist(imgl(:,:,3));
s(j)-hist_img = [r_hist;g_hist;b_hist];
end
save all_img histS.mat s;

> {} > 'hist_img’,{} )

HSV

%claer all;
function [x] = images2HSV(file_name)
load(‘all IMG _hist6.mat'")

IMG = imread ('c:\fjpg");

RGB = IMG;

HSV=rgb2hsv(RGB);
HEHSV (.2, 1);

S=HSV(:,:,2);

WEESV(E,2,3);

H_hist = imhist(H);

S_hist = imhist(S);

V_hist = imhist(V); -

hist HSV = [H_hist;S_hist;V_hist];
Yoimshow(hist HSV)

Yfigure, imshow(HSV);

figure, imshow(RGB);

%HSV _logo = [H;S;V];

%figure, imshow(HSV_logo);

% HSV FOR ALL DB & NEW INPUT

% make histogram for the hsvc image

% and the distance for the hists

for j=1:13, :
IMG_def = [s(j)-hist_HSV - hist HSVI;
IMG_defl = sqrt(sum(IMG_def )

e e

a())=IMG_defl;

end




y=sort (a)
%w=a(:,13);
whos Y;

for k=1:4,
for j=1:13,
if (y(k)==a()))

figure,imshow(s(j).location);

end
end
end

%
% to display four pics that is arround the input pic

Database HSV

function [x] = save HSV ()
s = struct( TMG_index',{} , location', {} , 'hist HSV', {},'def hist',{} )
av_files = dir('c:\pics\*.jpg")
for j=1:13,
s(j).IMG _index = j;
s(j).location = ['c:\pics\' av_files(j).name] ;
% s(j)-locationl = ['c:\pics\' av_files(j).name] ;
RGB = imread(s(j).location);
HSV = rgb2hsv(RGB);
HSV=rgb2hsv(RGB);
H=HSV(,:,1);
SSHISVI(::2); %
VWERSVI(.:,3):
H_hist = imhist(H);
S_hist = imhist(S);
V_hist = imhist(V);
s(j)-hist HSV = [H_hist;S_hist;V_hist];
end
save all IMG_hist6.mat s;

Sobel edge detection and orient histogram

function [imnew1,edge]=sobcas(2)
load('all IMG_edg.mat)
a=imread('c:\e.jpg");

figure(1)



subplot(1,2,1)
imshow(a)
title('Original Image');
[ml,nl,pl}=size(a);
imgl=a;

imnew 1=zeros(m1,n1);
edge=zeros(ml,nl);

s1=[121;000;-1 -2 -1];
SE=SIRORIE-2/0. 22510011
for i=2:m1-1,
for j=2:n1-1,
mat=[imgl(i-1,j-1) img1(i-1,j) imgl(i-1 j+1) ;
img1(i,j-1) imgl(i,)) mmgl(i,j+1) ;
imgl(i+1,j-1) imgl(i+1,j) imgl(i+1 ,j+1) I3
sum1=double(mat).*s1;
sumx=sum(sum(sum1));
sum2=double(mat).*s2;
sumy=sum(sum(sum?2));
%orient calculation
if sumx =0
if sumy == 0
orient=0.0;
elseif sumy <0
sumy = -sumy;
orient = 90.0;
else
orient=90.0;
end
elseif sumx<0 & sumy>0
sumx = -sumx; .
orient = 180 - ((atan(sumy/sumx)) * (180/p1));
elseif sumx>0 & sumy<0
sumy = -sumy, :
orier}llt =180 -y ((atan(sumy/sumx)) * (180/p1));

else .
orient = (atan(sumy/sumx)) * (180/p1);
end

%edge direction

if(orient < 22.5) edge(ij) =0
elseif(orient < 67.5) edge(ij) =45

elseif(orient < 112.5) edge(i,j) = 90



elseif(orient < 157.5) ed
else edge(i,j) = 0;
end
sum1=abs(sumx)+abs(sumy);
if sum1>255
suml=255;
elseif sum1<0
sum1=0;
end
imnew1(i,j)=suml;
il
end
1=i+1;
end :
for j=1:13,
IMG_def = [s(j).EDG - orient];
IMG_defl = sqrt(sum(IMG_def L)
a(j)=IMG_defl;

ge(1,)) = 135;

end
y=sort (a)
Yow= a(:,13);
whos y;

for k=1:4,
for j=1:13,
if (y(k)==a())

p=(s(j)-location);
figure(2)
subplot(2,2,k)
figure(2), imshow(p);
title('"Processed Image')
end

end
End

Sobel for database

f=imread('c:\e.jpg");

mask = roipoly(f, :, :);

red = immultiply(mask, f(:, :, 1));
green = immultiply(mask, f(:, 3, 2));

blue = lmmultlply(mask, f(:’ 5 3))’



g = cat(3, red, green, blue);
figure, imshow(g)

figure, imshow(f)

[m, n, k] = size(g);

i =reshape(g, m*n, 3);

idx = find(mask);

i = double(i(1dx, 1:3));

[c, m] = covmatrix(i);
d=diag(c);

sd=sqrt(d);

E25 = colorseg('euclidean’,f,25 ,m);

bl

VC++ CODES

Camera codes

#include <vfw.h>

#include <winuser.h>

#include <Windows.h>

#include <stdio.h>

hWndC = capCreateCaptureWindow("Capture Window",
WS_CHILD |/* WS_VISIBLE
[¥//*WS_THICKFRAME*/WS_DLGFRAME,
m_rectFrame.TopLeft().x, m_rectFrame.TopLeft().y,
m_rectFrame.Width(), m_rectFrame.Height(),
GetSafeHwnd()/*hwndParent*/, 1);

capDriverConnect (fWndC, 0);//connect to cammera's driver.
capDlgVideoSource(hWndC);//pick the source camera.
capDlgVideoFormat(hWndC); //to change the resolution.
capDriverDisconnect(hWndC);CString FileName;
FileName="C:/pic/A.bmp";

/getting user's string.

char file_str[30]={"."}; :

for(int i=0;i<FileName.GetLength();i++)

{

file_str[i]=FileName[il;

}

file_str[i]=NULL;

bmp2ppm(file str,m_hBmp);



SaveToFile(ﬁle_str,m_thp,chem)-

RGB Histogram

int* histf(pgm* image6)
{
int colorr;
int colorg;
int colorb;
int histr[32];
mt histg[32];
int histb[32];
//int histrgb[768]; :
image6->histrgb = (int*)malloc(sizeof(int) * 96);
for(int i=0;1<32;i++)
{
histr[1]=0;
histg[1]=0;
histb[1]=0;
}

for(int i=0;i<image6->w * image6->h;i++)

{

colorr= image6->R[i];
colorg= image6->Gli];
colorb= image6->BJ[i];

histr[colorr / ( image6->max / 32 )]++;
histg[colorg / ( image6->max / 32)]++;
histb[colorb / ( image6->max / 32 )]++;

}
}

Sobel Edge orient histogram

#include "stdafx.h"
#using <mscorlib.dll>
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

#include <math.h>



#include <cmath>
# define kW 3
# define kH 3
# define factor 1
#define MAX(a,b)a<b?b: g
#define MIN(a,b) a>b?b: 3
#definet 5
/[#define w XxxxxX
//#define h xxxxx
#include <fstream>
#include <iostream>
using namespace std;
using namespace System;
typedef struct pgm {
int w; :
nt h;
Int max;
MR
int* G;
i 183
int* pData2;
//int* pData; ///distance between dx & dy
double* pDatal;/// oriantation
int* Hisgram;//histogram fore oriantation
Int* histrgb;//histogram for RGB
} pgm;

typedef struct diff {
int r[6];

int r1[6];

int name[6];

} diff;

void Loadppm( char* filename, pgm* pPpm ) {
FILE* ifp;
int word;
int nRead = 0;
char readChars[256];

/lopen the file, check if successful
ifp = fopen( filename, "r" );

i (lifp) {



intf("Error: Unabl
lc;rclit( 1(); & P openile o4y, filename);

}

//read headers from file
printf ("Reading PPM file: %s...\n", filen s
fscanf (ifp, "%s", readChars); )
if (stremp(readChars, "P3") == 0) {
/lvalid file type
/lget a word from the file
fscanf (ifp, "%s", readChars);
/* while (readChars[0] = '#) {
//if a comment, get the rest of the line and a new word
fgets (readChars, 255, ifp);

fscanf (ifp, "%s", readChars);
il

/lok, comments are gone

/lget width, height, color depth

sscanf (readChars, "%d", &pPpm->w);

fscanf (ifp, "%d", &pPpm->h);

fscanf (ifp, "%d", &pPpm->max);

// allocate some memory, note that on the HandyBoard you want to

// use constant memory and NOT use calloc/malloc
pPpm->pData2 = (int*)malloc(sizeof(int) * pPpm->w * pPpm->h);

pPpm->R= (int*)malloc(sizeof(float) * pPpm->w * pPpm->h);
pPpm->B= (int*)malloc(sizeof(float) * pPpm->w * pPpm->h);
pPpm->G= (int*)malloc(sizeof(float) * pPpm->w * pPpm->h);

/l now read in the image data itself

for (nRead = 0; nRead < pPpm->w * pPpm->h; nRead++)
{
fscanf(ifp, "%d" ,&word);
pPpm->R[nRead] = word,

fscanf(ifp, "%d" ,&word);
pPpm->G[nRead] = word,

fscanf(ifp, "%d" ,&word);
pPpm->B[nRead] = word;

: .587*pPpm-
PPpm->pData2[nR ead]=0.299*pPpm->R[nRead] ¥ 0.587*pPp
>G[nRead] + 0.114*pPpm->B[nRead];



/lpPpm->pData[nRead]=pPpm->R R

- d]+

) . ad] pPpm->G[nRead]+pPpm_>B[nRead]/3;
printf ("Loaded PPM. Size: %dx

0
pPpm->max + 1); d, Greyscale:

%d \n\n\n",pPpm->w, pPpm->h,

else {
rintf ("Error: Read file type ©
gxit (1); ype %s. Format unsupported.\n\n", readChars);

}

fclose(ifp);
}

pgm* Convolution(pgm *image,int kernel[3][3])
{

o 1y, kx, kys

int imageX=0, imageY=0, imageW, imageH;
float sum=0.0;

pgm *result = (pgm *) malloc (sizeof(pgm));
result->pData2 = (int*)malloc(sizeof(int) * image->w * image->h);

imageH=result->h = image->h;
imageW=result->w = image->w;
result->max = image->max;

for (ix=0; ix< imageH; ix++)
for (iy=0; iy< imageW; iy++)
sum = 0.0; 3
for (kx=0; kx<kH; kx++)
for (ky=0; ky<kW; ky++)
( =
imageX = (ix - kH / 2 + kx + imageH) %/u‘nageH\;V-
imageY = (iy - kW / 2 + ky + imageW) % 1magew, ;
sum = sum + image->pData2[(imageX * imageW) + imageY]
Kemel[kox] (ky];
}

k

= MIN(MAX( ((int) sum*factor) ,0),255);

4 ks +1
result->pData2[ix*imageW + 1y] he start of this program

/I MIN and MAX are defined at t
}

Ieturn result;



N

pgm* Edgedetection( pgm?* PPgm1,pgm*

{ pPgm2)
gm* pPbml;

/int lowThreshold = 20;

edgeDirection; int

highThresho 1d=180; int
JowThreshold=70; int
/| Edge orientation ORIENT=0:
double distance; :
pPbml = (pgm *) malloc (sizeof(pgm));
" pPbm1->h=pPgm1->h;
pPbm1->w=pPgml->w;
//[pPbm1->pData = (int*)malloc(sizeof(int) * pPgm1->w * pPgm1->h);
pPbm1->pDatal = (double*)malloc(sizeof(double) * pPgm1->w * pPgm1->h)
for (int n = 0; n <pPgm1->w * pPgm1->h; n++) = :
{
distance = sqrt( (double)(pPgm1->pData2[n])*(pPgm1->pData2[n])+(pPgm2-
>pData2[n])*(pPgm2->pData2[n]) );
if(distance >= 60 )
ORIENT = (atan((double)(pPgm2->pData2[n])/(double)(pPgm1-
>pData2[n]))) * (180/3.14);
else
ORIENT=0;

int

/*ORIENT = 0.0;

else if(pPgm1->pData2[n] = 0 && pPgm2->pData2[n]<0)

ORIENT = 90.0; |
else if(pPgm1->pData2[n] = 0 && pPgm2->pData2[n]>0)

ORIENT = 90.0; Sfncn -

else if(pPgm1->pData2[n]<0 && pPgm2->pData2[n]>0)

ORIENT = 180 - ((atan((double)(pPgm2- :
>pData2[n])/(double)(pPgm1->pData2(n]))) * (1820/3 ig)))
else if(pPgml->pData2[n]>0 && pP g121’12->pData [n]

ORIENT = 180 - ((atan((double)(pPgm=- ,

>pData2[n])/(double)(pPgm1->pData2(n])) * (180/3.14);
else Pgml-

ORIENT i (atan((double)(pPgmz->pDat3.2[n])/(dOUble)(p gm

>pData2[n]))) * (180/3.14);

i

PPbm1->pDatal [n]=ORIENT;



return pPbm1;

} :
int* Hgram( pgm *img]1 )
{

int indix ,i , mse =0 ;
imgl->Hisgram = (int*)malloc(sizeof(int) E30):

for(i=0 ; 1< 32; 1++)

imgl->Hisgram([i] = 0;// to set zero

for(i=0 ; i<imgl->h*imgl->w; i++ )

{

indix = imgl->pDatal[i];

imgl->Hisgram[ indix/( imgl->max /32 ) ] += 1;

}

return img1->Hisgram;

}

int* histf(pgm* image6)
{
int colorr;
int colorg;
int colorb;
it histr[32];
int histg[32];
int histb[32];
/Iint histrgb[768]; . ' '
image6->histrgb = (int*)malloc(sizeof(int) * 96);
for(int i=0;i<32;i++)
{
histr[1]=0;
histg[i]=0;
histb[i]=0;
} . oy
for(int i=0;i<image6->w * image6->h;i++)

{

colorr= image6->R[i];
colorg= image6->Gl[il;
colorb= image6->B[i]; :
histr{colorr / ( image6->max / 32)1*

histg[colorg / (image6->max / 32)I+5




histb[colorb / ( image6->max / 37 )+

for(int i=0;1<32;1++)
image6->histrgb[i]=histr[i];
for(int i=32;1<64;i++)
image6->histrgb[i]=histg[i-32];
for(int i=64;1<96;i++)
image6->histrgb[i]=histb[i-64];

return imag66—>histrgb;

}

int _tmain()

{ :
/I TODO: Please replace the sample code below with your own.
diff* diffl;
diffl = (diff *) malloc (sizeof(diff));
pgm* imagel, *image2,*image3;
pgm* image4 ;
int* images;
int* imageo;
int a = 65;
int num=0,num]1 = 0;
int kernell[ kW][ kH] ={-1,0,1,-2,0,2,-1,0,1};
int kemnel2[ kW][ kH] ={1, 2, 1, 0, 0, 0,-1,-2,-1};
char filenamel[]="c:/pic/A.ppm";
int 12=0; '
for(int i=1;i<=6;++1)
{
filenamel[7]=a++; -
/lallocate memory for the pgm struct
imagel = (pgm *) malloc (sizeof(pgm));
/lread the file . ,
Loadppm(filenamel, imagel);

/ldx //Convolution
image2=Convolution(imagel,kernell);
lldy //Convolution
image3=Convolution(imagel Jkernel2);
/lEdgedetection _ .
image4=Edgedetection( image2,image3);
/MistoGram

image5=H gram(image4);



image6=histf(image1);

Wi write to file ///////
*ofstream Histo("ady.txt", ios::app):;
Histo << ++i2;

for (int as=0;as<32;++as)

Histo << "\t"<< image5[as];

for (int as=32;as<128;++as)

Histo << "\t'<< image6as-32];

Histo << "\n";*/

Vs

lfree(imagel); //to free memory
I

nt XXX;

int img[32];

int img1[96];

int resultl;

int resultll;

ifstream Histo("ady.txt");
Iifstream HistoRGB("adyl.txt");
for(int aqq=0;aqq<=5;aqq++)
{ :
Histo >> xxx; //write PIC # from DB
for (int as1=0;as1<32;++asl)
Histo >>img[asl]; //write data from DB
for (int as1=0;as1<96;++asl)
Histo >>imgl[asl]; //write data from DB

result1=0;result11=0%
for(int za=0;za<32;za++)
{ :
resultl+= ( (imageS([za]-img[za])*(image5[za]-img(zal)
); // find the distance between input PIC & allPIC DB
}
for(int za=0;za<96;za++)
{

: : image6[za]-
result] 1+= ( (image6[za]-imgl [za])*(image PIC in DB
imgl[za]) ); (// find the distance between input PIC & all
}

resultl=abs(resultl); //find abslute value =
resultl=sqrt((double)resultl); // find squre T




resultl1=abs(result11); //find abslyte val
resultl 1=sqrt((double)result11). // find s
diffl->r[aqq] =resultl;

diffl->r1[aqq] =resultl1;
diffl->name[aqq] =xxx;

ue
qure root

int min=100000,names=0,min1=1 00000:
I
printf("\nEdge PIC# %d\n",++num);

for(int minn=0;minn<6;minn-++)
printf("%d ",diff1->r[minn]);

for(int aa=0;aa<6 ;++aa)
{
if (diffl->r[aa]< min)
{
min = diffl->r[aa];
names = diffl->name[aa];
%
}

if (names >= 1 && names <=2)
Console:: WriteLine(S"\nthe banknote is 20!!\n");
else if (names>=3 && names<=4)
Console:: WriteLine(S"\nthe banknote is 50!'\n");
else if (names>=5 && names<=6)
Console::WriteLine(S"\nthe banknote is 100!'\n");
else v
Console:-WriteLine(S"bad bankenote!!");
i
printf("\nHist RGB for PIC %d\n",++numl);
for(int minn=0;minn<6;minn++)
printf("%d ",diff1->r1[minn]);
for(int aa=0;aa<6 ;++aa)
{
if (diff1->r1[aa]< minl)
{

minl = diff]l->rl[aa];
names = diffl->name[aa];

}




if (names >= 1 && names <=7 )
Console:: WriteLine(S"\nthe banknote is 20 g
else if (names>=3 && names<=4 1)
Console::WriteLine(S"\nthe banknote is 50 Nn"):;
else if (names>=5 & & names<=¢ A
Console::WriteLine(S"\nthe banknote 1s 100!M\n");
else : ;
Console::WriteLine(S"bad bankenote!| )

b

}
I

Console::WriteLine(S"DONE..!1")
for(int af=0 ;af<S5;){}

b

N
return 0;

}

RGB and Orient Histogram

#include "stdafx.h"

#using <mscorlib.d11>
#include <stdio.h>

#include <string.h>

#include <stdlib.h>

#include <math.h>

#include <cmath>

# define kW 3

# define kH 3 %

# define factor 1

ftdefine MAX(a,b) a<b?b:a
#define MIN(a,b) a>b?b: 2
#define t 5

Iltdefine w xxxxx

Ilitdefine h xxxxx

#include <fstream>

#finclude <iostream>

using namespace std;

using namespace System;

typedef struct pgm {

Int w;



int* pDataZ;
/lint* pData; ///distance between dx & dy
double* pDatal;/// oriantation
int* Hisgram;//histogram fore oriantation
int* histrgb;//histogram for RGB

} pgm;

typedef struct diff {
int 1[6];

int r1[6];

int name[6];

} diff;

void Loadppm( char* filename, pgm* pPpm ) {
FILE* ifp;
int word;
mnt nRead = 0;

- char readChars[256];

llopen the file, check if successful

ifp = fopen( filename, "1" );

if (lifp) {
printf("Error: Unable to open file %s.\n\n", filename);
exit(1);

}

-

/lread headers from file ;
printf ("Reading PPM file: %s...\n", filename);
fscanf (ifp, "%s", readChars);

if (stremp(readChars, "P3") == 0) {
/lvalid file type
llget a word from the file
fscanf (ifp, "%s", readChars);{
/* while (readChars[0] = #) : d
/lif a comment, get the rest of the lin€ and a new Wor
fgets (readChars, 255, ifp);

fscanf (ifp, "%s", readChars);



}¥/

//ok, comments are gone
//get width, height, color depth
sscanf (readChars, "%d", &pPpm->
fscanf (lfp, "%d", &pPpm_>h)pm- W);
/f/s:lalnf (ifp, "%d", &pPpm->m’ax)'
ocate some memory, note ’
// use constant memory and N(;}ll‘ai:: 221610}27 i
PPPm—>pData2.= (1nt*)malloc(sizeof(int) * pP mall>OC *
pPpm->R= (mt*)malloc(sizeof(float) * II’) pn;— Vi o)
pPpm->B= (l.nt*)malloc(sizeof(ﬂoat) * pPme:.) r:- :V O
pPpm->G= (int*)malloc(sizeof(float) * pPI;)m—->VvZI ¥ glligmilkll)),
D

// now read in the image data itself
; for (nRead = 0; nRead < pPpm->w * pPpm->h; nRead++)
fscanf(ifp, "%d" ,&word);
pPpm->R[nRead] = word;

fscanf(ifp, "%d" ,&word);
pPpm->G[nRead] = word;

fscanf(ifp, "%d" ,&word);
pPpm->B[nRead] = word;

pPpm->pData2[nRead]=0.299*pPpm->R[nRead] + 0.587*pPpm-
>G[nRead] + 0.114*pPpm->B[nRead];
I PPpm->pData[nRead]=pPpm->R[nRead]+pPpm—>G[nRead]+pPpm—
>B[nRead]/3;
} = L
printf ("Loaded PPM. Size:
PI})Pm->max i)
else {
printf ("Error: Read file type
exit(1);

o dx%d, Greyscale: %d \n\n\n",pPpm->w, pPpm->h,

%s. Format unsupported.\n\n", readChars);
)

pgr[l* ConV()lution(ngn *image,int k6m61[3][3])



int ix, 1y, kx, ky;

int imageX=0, 1mageY =0, imageW. i 4

float sum=0.0; el
gm *result = (pgm *) malloc (sizeof(pgm)).

result->pData2 = (int*)malloc(sizeof(iny *))i;nace e

o= Image->h);

imageH=result->h = image->h;

imageW=result->w = image->w:

result->max = image->max;

for (ix=0; 1x< imageH; ix++)
for (iy=0; 1y< imageW; iy++)
{
sum = 0.0;
for (kx=0; kx<kH; kx++)
for (ky=0; ky<kW; ky++)
{
imageX = (ix - kH / 2 + kx + imageH) % imageH;
imageY = (iy - kW / 2 + ky + imageW) % imageW;
sum = sum + image->pData2[(imageX * imageW) + imageY] *
kernel[kx][ky];
}
result->pData2[ix*imageW + iy] = MIN(MAX( ((int) sum*factor) ,0),255);
/I MIN and MAX are defined at the start of this program
}

return result;

}

lzgm* Edgedetection( pgm* pPgml,pgm* pPgm2)

p_gm* pPbm1;
/lint low Threshold = 20;
edgeDirection; int

highThreshold=180; int
lowThreshold=70; int
II'Edge orientation

double distance;

PPbm1 = (pgm *) malloc (sizeof(pgm));

PIP;EmI->h=pPgm1_>h; .
PPbm1->w=pPom1->W; . >w * pPgml1->h);
//ppbm1_>p_]§a§?—_ (int*)malloc(sizeof(mt) * pPgml p

_>w * pPgml1->h);
of(doublc)*ppgm L

PPbm]->pDatal = (double"‘)malloc(SiZe



for (int 0 = 05 1L < pPgm1->y * PPgm1->h; n++)
{ 2
distance = sqrt( (double)(pPgm->pp
: ¢ :
>pData2[n])*(pP gm2->pData2[r°1]) ): ) k(ppgml->pDataz[n]
if(distance >= 60 )
ORIENT = (atan((double)(pPgm2->pD t
pDaa2[a])) * (180318, ¢ DdoublepPgm1.
else
ORIENT=0;

/#ORIENT = 0.0;

else if(pPgm1->pData2[n] == 0 && o
R [n] pPgm2->pData2[n]<0)
else if(pPgm1->pData2[n] == 0 && pPgm2->pData2[n]>0)
ORIENT = 90.0;
else if(pPgm1->pData2[n]<0 && pPgm2->pData2[n]>0)
ORIENT = 180 - ((atan((double)(pPgm?2-
>pData2[n])/(double)(pPgm1->pData2[n]))) * (180/3.14));
else if(pPgm1->pData2[n]>0 && pPgm2->pData2[n]<0)
. ORIENT = 180 - ((atan((double)(pPgm2-
>pData2[n])/(double)(pPgm1->pData2[n]))) * (180/3.14));
else
ORIENT = (atan((double)(pPgm?2->pData2[n])/(double)(pPgm1-
>pData2[n]))) * (180/3.14);
i

pPbm1->pDatal[n]=ORIENT;

}
return pPbm1;

i{nt* Hgram( pgm *img1 )

ll’lt indix ,i , mse ::O : ; * 3? .
Imgl->Hijsgram = (int*)malloc(sizeof(mt) 2);

for(i=0 ; i< 32; i++)
lmg1->Hisgram[i] = (;// to set zgro

lndix = 1mg1_>pDatal [1]’

)+(pPgm?2-



imgl_>Hisgram[ indix/( img1->may / 32)]+=1:

}

return img1->Hisgram;

}

int* histf(pgm™* image6)
i{nt colorr;
int colorg;
int colorb;
int histr[32];
int histg[32];
int histb[32];
//int histrgb[768];
image6->histrgb = (int*)malloc(sizeof(int) * 96);
for(int i=0;1<32;1++)

histr[i]=0;
histg[1]=0;
histb[1]=0;
}
for(int i=0;i<image6->w * image6->h;i++)

{

color= image6->R[1];
colorg= image6->G[1];
colorb= image6->B[1];
histr{colorr / ( image6->max / 32 )]+%;

~ histg[colorg / ( image6->max / 32)]+

histb[colorb / ( image6->max/ 32 )T+

}

for(int i=0;i<32;i++)
image6->histrgb[i]=histr[i];
for(int i=32;i<64;i++)
image6->histrgb[i]=histg[i-32];
for(int i=64;i<96;1++)
image6->histrgb[i]=histb[i-64];

return imag36->histrgb;




int _tmain()
{
TODO: Please replace t
s difF; place the sample code below with your own,
diffl = (diff *) malloc (sizeof(diff));
pgm* imagel, *image2,*image3;
pgm* image4 ;
int* images;
int* imageo6;
inta=65;
int num=0,num1 = 0;
int kernell[ kW[ kH] ={-1,0,1,-2,0,2,-1,0,1};
int kernel2[ kW][ kH] ={1, 2, 1, 0, 0, 0,-1,-2,-1};
char filenamel[]="c:/pic/A.ppm";
int 12=0;
for(int i=1;i<=18;++1)

filenamel[7]=a++;
/lallocate memory for the pgm struct
imagel = (pgm *) malloc (sizeof(pgm));

/lread the file |
Loadppm(filenamel, imagel);

/ldx //Convolution

image2=Convolution({imagel Jkernell);

/ldy //Convolution

image3=Convolution(imagel Jkernel2);

/[EBdgedetection

image4=Edgedetection( image2,image3);

/[HistoGram i

imageS=Hgram(image4);
image6=histf(imagel);

I wte to file /111111
[*ofstream Histo("ady.txt", ios::app);
Histo << ++i2;

for (int as=0;as<32;++as)

Histo << "\t"<< image5[as];

for (int as=32;as<128;++as)

Histo << M\t"<< imag€6[as‘32];
Histo << "\n":*/

M




ee(imagel); Ilto fre
////////(//////////////////// e
int XXX;
int img[128];
int img1[96];
int result1;
int result11;
int im{128];
for(int x1=0;x1<32;x1++)
im[x1]=image5 EeilE
for(int x2=32 ;x2<128;++x2)\
im[x2]=image6[x2-32];

ifstream Histo(""ady.txt");
/ifstream HistoRGB("ady1.txt");
for(int aqg=0;aqq<=5;aqq++)
{
Histo >> xxX; //write PIC # from DB
for (int as1=0;as1<128;++asl)
Histo >>img[asl]; //write data from DB
/for (int as1=0;as1<96;++as1)
/Misto >>imgl[asl]; //write data from DB

result1=0;

/lresultl 1=0;

for(int za=0;za<128;za++)

{

resultl+= ( (im[za]-img[za])*(im[za]—img{za]) e/ find
the distance between input PIC & all PIC n DB

}

Ilfor(int za=0;za<96;zat+)

I { 4 *(; 66[23]‘ //

result] 1-+= ( (image6[zal-imgl[z2l) (lmaign out PIC & all PIC in DB

imgl{za]) ); // find the distance between
/]

resultl=abs(resultl); //find abslute value ,
resultl=sqrt((double)resultl); // find squreerO
Ilresult] 1=abs(result11); // find abslute va uee N
IIresult] 1=sqrt((double)resultl 1); // find sqUF

diff] ->r[ aqq] =resultl;




//diffl->r1 [aqq] =resultll;
giffl->namefaqq] =xxx;

J
int min=100000,names=0,min1=100000;

1]
printf("\nBdge PIC# %d\n",+-num);

for(int minn=0;mInn<6;minn-++)
printf("%d ", diffl->r[minn]);

for(int 2a=0;22<6 ;++aa)
{ |
if (diffl->r[aa]< min)

min = diffl->r{aa];

names = diffl->namefaa];
}
}

if (names >= 1 && names <=2)

Console::WriteLine(S"\nthe banknote is 20! \n");
else if (names>=3 && names<=4)

Console:: WriteLine(S"\nthe banknote is 50!"\n");
else if (names>=5 && names<=6)

Console:- WriteLine(S"\nthe banknote is 100!"\n");

else

Console:: WriteLine(S"bad bankenote!!");

}
=/

Console:: WriteLine(S"DONE-.!!");
for(int af=0 ;af<5;){}

i
return 0;

}







