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Abstract

THIS report was aimed to explain our project of creating a prototype
for the Automatic Book Scanner. A book scanner is a device that could scan
any book or document page by page and converted it into a digital formed.
A regular book scanner user needed to flip each page manually, which was
hectic and time-consuming. Our primary goal is to develop a method of
automatic page-turned that would work without human intervention. In
today’s world, kept books and documents in hard formed had become hec-
tic in libraries and other offices because of less storage space and large
data. So kept them in digital form had became a necessity. The technical
challenged was to construct an automatic, easy-to-use, cost-efficient, and
good-quality scanning system which could easily scan any document with-
out human effort. We chose a robotic arm and vacuum suction method for
the Automatic page-turned mechanism. Our design consists of the robotic
armed, vacuum suction tube, and flipper. We have built a prototype that
is able to scan the book and convert it into text form and save it in a
file. We interfaced an external camera with the Arduino for the conversion
process. Also the user has the ease of selecting the desired number of pages
he/she wants to scan. The pictures taken from a book processed and con-
verted to text with the Tesseract OCR. The processed images of the pages
are combined and converted into an e-book after the desired number of
pages is scanned. The entire process is automatic including an automatic
page-turning mechanism with the hardware implementation.
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Chapter 1

Introduction

1.1 Background

The 21st century is characterized by technological advancements and a dig-
ital revolution that has significantly impacted our lifestyles and professional
endeavors. The practice of digitizing books and documents has become in-
creasingly prevalent, particularly in libraries and large-scale offices with
extensive data storage needs. This shift towards digitization offers several
advantages, including cost-effectiveness, increased accessibility, and space
efficiency. Traditional libraries often face limitations in terms of user access,
physical storage constraints, and the retrieval of specific information. By
storing information in digital formats, these challenges can be overcome.
Digital documents require minimal physical space, are protected from phys-
ical damage, and offer enhanced search ability. In the contemporary digital
landscape, the majority of documents are stored in digital form. However,
a challenge arises when dealing with older books and documents that exist
only in printed copies, necessitating their conversion into digital formats.
Digitized books provide improved security and reliability. To accomplish
this conversion, book scanners are employed, enabling the scanning of in-
dividual document pages and their subsequent transformation into digital
files. The resulting scanned books can be accessed and read on various
digital devices.
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1.2 Motivation

Nearly 4 billion trees worldwide were cut down each year for paper, repre-
senting about 35 percent of all harvested trees. It had a terrible impact on
our environment. To solve this problem world moved toward digitization
from hardcover documents. As we saw from this, a massive numbered of
pages produced each year. Indeed it needed much physical space, which
was limited where as when we saw a digital world, we could easily stored
thousands of booked and documents on a 2 cm SD card. Our Libraries are
usually limited by the numbered of people who could access them, storage
space, and the challenged of obtained the specific information requested
by the user. Stored information in digital formed can solve these prob-
lems. Booked scanning is a process of converted hardcover books to digital
formed. Moreover, manually scanning each page one by one is hectic and
time-consuming. So an automatic book scanner had became the needed
of almost all institutes and offices, so it would have been a handy tool to
solve these problems.

1.3 Problem Statement

Nearly 4 billion trees worldwide were cut down each year for paper pro-
duction. Still, booked and documents limited to access for a numbered
of people.Neither are they safe nor reliable for users to carried hardcover
booked in their pocket. They consume large storage space as well. That
was why we needed a scanning system that would converted these hard-
cover documents to digital formed. However, in a regular book scanner
user needed to manually flipped each page to scan, which was hectic and
time-consuming. We need an automatic book scanner that would auto-
matically scan the documents and converted them into texted files(digital
form). Many commercial companies tried to solve the problem and had
built book scanners that could automatically convert a given paper book
to a digital formed. The price of a document scanner presently available
in the market is too high, started from 700 to a few thousand US Dollars.
So there is a need to made a cost-efficient book scanner.

3



1.4 Objectives

To develop a prototype that

1. Can automatically scan books without human intervention.

2. Can convert images into text file.

3. Should be cost efficient.
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Chapter 2

Background and Literature
Review

Our main focus was to select the best method for the page-turning mech-
anism for our project. We have done this task by studying the previously
tested methods and reviewing them by their specifications and accuracy.

2.1 Page Turning Mechanism Using Wheels

Our primary objective was to identify the optimal page-turning mecha-
nism for our project. To accomplish this, we conducted a thorough anal-
ysis of previously tested methods, carefully evaluating their specifications
and accuracy. One method that we extensively studied is the wheel-based
page-turning mechanism. Considering our project’s emphasis on cost-
effectiveness, we focused on implementing a hardware solution utilizing
readily accessible components at an affordable price.

2.1.1 Construction

1. They constructed a box-shaped framework using corrugated sheets and
attached a stand to it.

2. Within the box, they securely positioned the wires and Raspberry Pi.

3. A webcam with adjustable settings, boasting a 1.0-megapixel resolu-
tion, was affixed to the stand to capture images of the book.
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To facilitate the automated page-turning mechanism, they employed a slen-
der plastic board structure featuring a small wheel powered by a DC motor.
Additionally, a servo motor with an extended head and a motor driver were
utilized for motor control, which was managed by the Raspberry Pi.

2.1.2 Page Turner construction and working

Two rectangular plastic boards are found in the page-turner of the book
scanner. The one board has a servo motor with an expanded head and is
fixed to a mobile construction. The structure can be shifted in a horizontal
manner to accommodate different book lengths. The second board can be
moved vertically upward or downward and is positioned on top of the pre-
vious one. It can be altered to fit the height of the book. To turn a page,
a small wheel that is fixed to this component is turned by the page-turner
initially in the opposite direction from the way that the page is bound.
As a result, the front page moves slightly upward before being successfully
turned by the servo head pushing the page away.

The camera was used to take an initial image. The OCR software is
then used to turn the image into a text file. The page-turning mecha-
nism, which is seen in figure, is then used to turn the page. The process
is repeated until all required number of pages got scanned. at the end the
processed images are converted into a single digital document.
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Figure 2.1: Page turning Using Wheels

2.1.3 Advantages

1. It was easy to build.
2. It was reasonably priced.

2.1.4 Drawback

One significant limitation of this prototype was occasional page skipping.
Instead of turning a single page, there were instances when the wheel move-
ment resulted in turning 2 or 3 pages at once, leading to errors in the
process.

2.2 Linear Book Scanner
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Figure 2.2: Linear Book Scanner

A book scanning machine was made using a variety of technologies and
techniques. The way these devices turn the page of a book or flip through
it is a key distinction between them. The linear book scanner was one of
the methods. There have been several prototypes constructed before, but
the most current or fresh one is far better. A saddle, a motor, a hoover and
cameras are all part of it. The machine’s base is shaped like an inverted
V, and its top has a small opening that allows a book page to fall into it.
First, the user places the book on the saddle with the cover facing down.
The saddle will then be moved to the other side of the body by the mo-
tor. It will grab one book page and stuff it into the hole using the hoover.
Therefore, that page will be detached from the book when the saddle starts
to move again to return to its original position. There are cameras inside
the body that will take pictures for the book.

2.2.1 Working

To make this procedure better, a lot of study was conducted. To complete
all of the analysis for future work, a probe was carried out. There were
various characteristics that must be present in a scanner.

a) Page Turning:

The primary objective was to achieve a damage-free page-flipping pro-
cess with cost-effectiveness as a crucial factor. Improving the page-turning
mechanism was of utmost importance for this scanner. To determine and
finalize the overall geometry of the page-turning machine, an engineering
analysis was conducted. The width of the book plays a vital role in se-
lecting the appropriate materials for constructing the scanner. The size of
the channel or hole in the upper part of the scanner body, through which
the book pages will slide, was determined. In designing the interior flap,
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materials were carefully chosen to minimize friction and avoid potential
damage to the pages. Additionally, the top of the slit was designed with a
curved shape to optimize the page movement speed and further safeguard
the pages.

b) Page Separation:

The second crucial aspect of the design involves effectively separating the
pages without skipping any. Vacuum suction proves to be one of the most
efficient methods for achieving this. To estimate the required power for
page separation, calculations were conducted to determine the force ex-
erted by the vacuum pump, taking into account the contact area between
the pages and the pump. This estimation was then compared with the
weight of a single piece of paper. Based on these calculations, it was con-
cluded that a standard vacuum pump possesses sufficient power to drive the
book scanner’s motors and successfully flip the pages. Managing friction
between the pages and the scanner’s body was another significant consid-
eration. Various calculations were performed using different book types
and materials to address this concern. The analysis revealed that utiliz-
ing slippery plastic, such as Delrin, resulted in reduced friction compared
to aluminum. Delrin, known for its cost-effectiveness and environmental
friendliness, was combined with vinyl for the inner flap construction. Fur-
thermore, it was determined that an apex angle of 60 degrees, as opposed
to 90 degrees, would exert more force on the book’s spine rather than the
pages themselves, optimizing the separation process.

c) Error Detection:

Making a system capable of mistake detection was the third most crucial
criterion. The idea behind this component was to include a sensor that can
determine whether the machine turns more than one page or not. When a
page enters a channel, the sensor’s role is to alert the machine by sending
signals. The object detection uses a proximity sensor. As a result, the
error detection method used to send signals when a page enters a channel
is the proximity sensor. After that, the capacitive sensor is employed to
determine how many pages have been turned. The voltage between a pair
of parallel plates is altered as the page enters between the plates.

9



d) Final Prototype:

Therefore, the machine consists of two main components: the saddle and
the body. The body was built of the plastic delrin, and the top of the body
is curved. 60 degrees is the apex angle. The page or hoover will grab the
page from this side of the machine and move it to the other side, hence
one area of the body is known as the page intake channel. On the channel
intake side, the vacuum pump is attached. The machine’s edges are all
smooth to prevent harm to the book. The body panel has the motor fas-
tened to it. It provides the saddle with power so that it may move across
the body. The area where we put our book is called the saddle. Through
a power belt, power is delivered to the saddle. For error detection, some
sensors are employed.

e) Drawback:

Not all book kinds can be scanned by this scanner. Because it was incom-
patible with a wide range of book sizes and weights. It functions flawlessly
with light weight volumes, but it had trouble turning the pages properly
and jams with large books. Thus, it was unable to scan the majority of
book-sized pages. The sensor’s precision is really poor. As a result, it
makes page detection difficult.

2.2.2 OCR (Optical character recognition)

OCR( optical character recognition) software is used to convert the image
or handwritten documents into the text file. It automatically extract the
text from the images without Human help. Now a days this software is very
popular specially in the office document work. There are many different
applications of this software such as license plate reading, image reading,
handwritten document reading. There are many different software avail-
able in OCR such as Ocular which is used for the conversion of hand text
document. Also Plate-scanner which is used for license plate recognition.
In automatic book scanner it need to read the image file and convert it
into text file so for this purpose Tesseract is used. It is a OCR engine.
It can easily convert the image file. There are two major steps. In the
first argument it take the image file and in the second argument it extract
the text file from that software and store it in file. It is compatible with
different programming language. It is used in such a way that it first rec-
ognize the text from a document or it can also contain some external text
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detector which detect the text from the single line of the image. There are
some stages in which it work such as find word, find line and in the last
character classification. First it do word finding by placing the text line in
sequence with the help of blobs. These text lines were break into different
words depending upon the characters and spaces available between them.
Then all the words were recognize separately and then it goes to the train-
ing data which also recognize words more accurately. After that tesseract
commands are used which then write these words in text form and store it.
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Chapter 3

System design

3.1 Methodology

There were many different methods through which we can design our auto-
matic book scanner. We already discussed some of the methods in literature
review but all those methods had some drawbacks. After all the analysis
and research we chose the book scanner with robotic arm and vacuum
suction method for our project.

3.1.1 Book Scanner with Robotic Arm and Vacuum
Suction

a) Introduction

There were some properties that are very necessary to be present in the
automatic book scanner. It should flip the page automatically, it shouldn’t
damage the pages of the book and also detect error. There were many dif-
ferent methods to implement these properties in the project but the main
difference was how they flipped the pages. The flipping technique was cho-
sen on the bases of speed, less cost and should be reliable. Just by looking
at the name of the method we got the idea that in our project we are going
to use the robotic arm to flip the page with the help of vacuum pump. We
also used a flipping rod or slider to slide the page on the other side.

12



b) Working

There were some main components that are present in our automatic book
scanner such as
• Robotic arm with suction pipe.
• Flipping rod.
• Arduino along with camera.
• Cradle.
Our first step was to place the book in the cradle. There was a counter
attached and the user will enter the numbers. These numbers are the total
number of pages user wanted to scan. Then the robotic arm will move in
the downward direction to lift the page. The suction pipe is attached to
the robotic arm and it’s other end is attached to the vacuum pump. With
the help of this vacuum suction the robotic arm will the graph the page of
the book. Then the arm will lift the page. The arm will move at the angle
of 90 degree which is its initial position and then the flipping rod with flip
the page. Flipping rod will rotate at the angle of 180 degree. This flipping
rod was used to slide the page. After the page is flipped. Then the camera
will take the picture of the page. After taking the picture of the page it
will be converted to text. We used OCR (optical character recognition)
software to convert the image into the text. If there were more pages left
then again the robotic arm will move the page and camera will click the
pic but if there are no pages remain then the text will we converted to the
PDF and will be store or save to some external memory.

3.1.2 Construction

a) Page Separation

To do a page separation we first needed a robotic arm and a servo mo-
tor. One servo motor is linked with the suction pipe so that it will move or
lift the page up and down. The other servo motor is used by the flipping
rod so that it will flip the lifted page. To make this scanner available for
all types of book sizes, we placed the rod and arm in a sliding rail so that
it will move. Then it is adjusted according to the size of the book. There
is camera attached to the upper part of the scanner that will capture the
image. We used Arduino micro controller for our system as we were using
the stepper motor.
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b) Error Detection

To do error detection and to make the scanner work more efficient sen-
sors are used. Sensors are used so that all the steps are performed in a
loop. There are different sensors used in this automatic book scanner.
These sensors are used to make sure that rod and robotic arm will flip the
pages and doesn’t skip the page in any cycle. Sensor are used so that it will
detect when the book is placed and send signals to the system. Another
sensor is used which send signal to the micro controller so that the camera
will capture the image after the page is flipped. If the system skip any
one step it will not perform the next step because sensor will not send the
signal to the system which make this scanner more efficient.

c) Keypad

There is a Keypad attached to the micro controller which acts as an input.
The purpose of this Keypad is to define how many pages user needed to
scan. First the user enters the number in the Keypad and then the Keypad
send this input to the micro controller and the system scans the specific
page number not more than that. With the help of this keypad the user
can scan the book from anywhere.

3.1.3 OCR (Optical Character Recognition)

We needed to convert the image into the text file. OCR software is use to
convert the images into the text file. We used tesseract for this purpose.
Tesseract is an optical character recognition engine. First the image file
was provided to the tesseract as an input which is a command base tool af-
ter that the tesseract command will use. There are two major steps. First
the tesseract command reads and take the image file as an argument and
in second step it extracts the text and store it in a file. This tesseract can
be used for different languages. It means that it can convert the images of
the book into text file without having any problem of language.
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3.1.4 Text To Image

In the last step all the text file was needed to be converted into the pdf and
to be stored in the external memory. First there was some fixed directory
where all this data will store after that imagemagick was used. It converts
the text file into the pdf. Then we used the SD card so that it can store
all the files. SD Card is used as an output which will store the final file or
pdf.

3.2 Block Diagram

The functional block diagram of automatic Book Scanner is shown below:

Figure 3.1: Block Diagram
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3.3 Process Flowchart

The process flow chart:

Figure 3.2: Process Flowchart

3.4 Design Procedure

We designed an Automatic Book Scanner. We came through many differ-
ent methods by research through which we can design an Automatic Book
Scanner and chose a method to design our project. Let’s discuss why we
didn’t chose the alternative methods for this project and why we are choos-
ing this method for our project. These were the three methods through
which we can design our project of Automatic Book Scanner:
• Page Turning mechanism using wheel
• Linear Book Scanner
• Automatic Book Scanner with Robotic Arm and Vacuum Suction

Alternative methods that were not chosen and why?

3.4.1 Page Turning Mechanism

Page turning mechanism was one of the methods that can be used to make
automatic book scanner. It contains two rectangular plastic boards, servo
motor and a wheel. A rubber wheel is placed on the page. And as it
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rotates it pushes the page toward the center. As the page is slightly lifted
a stick on a servo is attached that sweeps across and turn the page over.
The whole project is repeated this way. But there is a drawback to this
method that makes it very inefficient and error full. The drawback is that
it can sometimes turn more than one page that means a page is skipped
that makes it error full. So we cannot use this method as our main idea
of the project is automatically flipping and scanning pages but if there is
error in the flipping of the page then it is not very appropriate to use this
method.

3.4.2 Linear Book Scanner

Another method of an automatic book scanner was Linear Book Scanner.
It contains a horizontal slider and vacuum suction. Book slides horizontally
over a slider and at the end point vacuum suction intake and outtake the
page in the slider. There are two cameras inside the slider and it takes
pictures of each side of the page. But it also has a drawback that it can
only pick thick pages. It cannot pick up thin pages. Also two cameras
are needed for this method that does not makes it cost efficient hence this
method cannot be used for making automatic book scanner.

Method that was chosen and why

3.4.3 Book Scanner with Robotic Arm and Vacuum
Suction

Final and the chosen method for making the Automatic Book Scanner was
the book scanner that uses a robotic arm with vacuum suction to flip pages
automatically without the use of human efforts. It contains a robotic arm
with vacuum suction to lift the page and a flipper was used to turn it over.
Then a camera was used for taking the picture of the page and then after
that the whole process was continued. The reason why we used this process
is that it turns one page at a time and can turn all type of pages and can
scan all types of books.
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3.5 Design Detail

The following was the labeled diagram of our project that gives the overview
of what our Project was going to be and also what components we used

Figure 3.3: Hardware Prototype
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3.6 List Of Components

These were the main components that were used in our project.

3.6.1 Arduino

We used an Arduino micro controller. We used Arduino because we were
using stepper motors and many sensors that can easily be implemented
on Arduino boards. Also it used less power and code had easy access to
hardware.

3.6.2 Robotic Arm

A Robotic Arm with Vacuum suction was used for picking the page up. It
was made of total 5 servo motors. After the book was placed it will move
down and stick to the page due to the vacuum suction and then it will
move up with the page attached.

3.6.3 Servo Motors MG66R

Two Servo motors were used in this project. One is for the flipping rod
and the other for the vacuum suction.

3.6.4 Vacuum Pump

A vacuum pump kit was used to lift the pages of the book. The kit in-
cludes a silicone suction cup, PWM electronic switches, a vacuum pump,
an 800mm silicone hose, and a Tee-joint electronic valve.

3.6.5 Slider

A slider was used as it allows us to move our camera back and forth so the
camera will take picture of both pages one by one without compromising
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on quality of image.

3.6.6 Keypad 4x3

A 4x3 keypad was used so that the user can select the desired number of
pages he/she wants to scan. By entering a 3 digit number the whole process
will start working.

3.6.7 Camera

A Camera was used for clicking pictures of the pages.

3.6.8 Flipping Rod

After the sticking of the page the flipping rod comes into action. It moves
horizontally and slides the page and in this way the page is turned..

3.6.9 Power Supply

A Power Supply was needed for all the motors to work. So a power supply
is used.

3.6.10 LED Lights

LED lights are used to illuminate the pages so that are pictures are clear
even in dim light.

3.6.11 Electronic Housing

Our whole Arduino setup is in a box. So the whole circuitry will not be
visible and our project will be more presentable.
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3.7 Working Of Components

3.7.1 Arduino Mega 2560

Arduino mega is a microcontroller board that depends on the ATmega2560
microcontroller. It has total of 54 digital input and output pins. The con-
figuration of these pins are:

• 16 pins are analog inputs.
• 14 pins can be used as PWM outputs
• 4 UARTS (Serial ports)
• 16 MHz crystal oscillator
• A USB connection
• A Power Jack
• An ICSP Header
• A reset button.

This board almost includes everything that is essential for supporting
the microcontroller. The Power can be supplied by connecting the Arduino
to the PC using a cable or an USB or battery or AC DC adaptor.

Arduino Mega Specifications

The specifications of Arduino Mega include the following.
• The ATmega2560 is a microcontroller
• The operating voltage of this microcontroller is 5volts
• The recommended Input Voltage will range from 7volts to 12volts
• The input voltage will range from 6volts to 20volts
• The digital input/output pins are 54 where 15 of these pins will supply
PWM o/p.
• Analog Input Pins are 16
• DC Current for each input/output pin is 40 mA
• DC Current used for 3.3V Pin is 50 mA
• Flash Memory like 256 KB where 8 KB of flash memory is used with the
help of boot loader
• The static random access memory (SRAM) is 8 KB
• The electrically erasable programmable read-only memory (EEPROM)

21



is 4 KB
• The clock (CLK) speed is 16 MHz
• The USB host chip used in this is MAX3421E
• The length of this board is 101.52 mm
• The width of this board is 53.3 mm
• The weight of this board is 36 g

Arduino Mega Pin Configuration

The pin configuration of the Arduino mega 2560 board is given below.
Each pin on this board has its own specific function. All the analog pins of
this board can be used as digital Input/Output pins. The Arduino Mega
Board offer Flexible work memory space. When we compare with other
types of Arduino boards, these boards are physically superior.

Figure 3.4: Arduino Mega 2560

3.7.2 Robotic Arm

Robotic Arm is a machine that is programmed to execute certain task or
job rapidly, efficiently and accurately. In general the robotic arms are mo-
tor driven. They are mostly used for fast and consistent performance that
involves lifting of heavy things or procedures that are repeated over an ex-
tended period of time. They are especially valued in the industrial produc-
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tion, manufacturing, machining and assembly sectors. Robotic arms can
perform several tasks for human workers like pick and place, palletizing and
other product handling applications that can be dull and injury-inducing.
They also can do tasks like welding and removing materials that give rise
to fumes, dust and particles that can be hazardous to human beings. The
Robotic Arm that we designed in our project is a 4 DOF ( degree of free-
dom) Metallic Robotic Arm and is made of total 4 servo motors. The
motors that we used are MG 996R. One servo motor is used for the opera-
tion of the Flipping rod. They are assembled together by different screws
and nuts, brackets and bearing to make the whole robotic arm.

Now first we’ll explain the motor that we used
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3.7.3 Servo Motor MG66R

The servo motor MG996R is a metal gear servo motor which has a max-
imum stall torque of 11 kg/cm. As there are two types of servo motors
continuous and standard. The continuous one goes from 0 to 360 degrees
and has no stopping point and the standard one goes from 0 to 180 degrees.
We are using standard motors so the motor rotates from 0 to 180 degree
based on the duty cycle of the PWM wave supplied to its signal pin. This
is the general diagram of the servo motor MG996R.

Figure 3.5: Servo Motor used

MG996R SERVO MOTOR FEATURES

• Operating Voltage is +5V typically
• Current: 2.5A (6V)
• Stall Torque: 9.4 kg/cm (at 5V)
• Maximum Stall Torque: 11 kg/cm (6V)
• Operating speed is 0.17 s/60°
• Gear Type: Metal
• Rotation : 0°-180°
• Weight of motor : 55gm
• Package includes gear horns and screws
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Figure 3.6: Servo Motor Wire Configuration

• Operating Voltage: 4.8V-7.2V

Figure 3.7: Servo Motors Schematics

Servo Motors have 3 wires coming out of it and the wire description
above shows what are there uses. In order to make this motor work or we
can say rotate, we give a power supply to the motor using the Red wire
and brown is connected to the ground. And the orange colour wire receives
the PWM signal to drive the motor. PWM signals can be generated from
anything like 555 Timer or Microcontroller like Arduino, PIC etc. In our
Project we are using Arduino Mega 2560 to generate PWM signals and
give it to the motor to make it work. The total servo motors used in our
project is five. Four servo motors are used to design the Robotic Arm and
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one is used to rotate the flipping rod.

Figure 3.8: PWM of servo Motor

a) Construction of Robotic Arm

Our Robotic Arm consisted of the following parts:
• Multi-functional bracket
• Long U shape bracket
• L shape bracket
• Cup bearing
• Screw nut
• U beam bracket
• Metal servo horn We are using the robotic arm that consists of total four
servo motors MG996R. We constructed the robotic arm by screwing the
motors, the brackets, bearing and nuts together.

b) Working Of Robotic Arm

In robotic arm we adjusted our servo motors in such a way that all the
motors were in the reverse direction of each other. This created a balance
in the robotic arm, ensuring equal weight distribution. The servo motors
moved in either a positive or negative direction, primarily depending on
the gear adjustments we made.
In our robotic arm, servo motors 3 and 4 moved in a negative direction.
Initially, these motors were closer to 180 degrees, and we moved them to-
wards 0 degrees to achieve the desired motion. We operated the robotic
arm by controlling the servo motors according to our specific requirements.
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Our project consisted of four different stages for the robotic arm, which
defined its movements. Firstly, we had the initial stage where the robotic
arm remained in a steady state. Then, in the next stage, it moved towards
the book. The third stage involved moving the arm downward to touch
the book’s page before returning to the second stage. Subsequently, the
flipping rod flipped the page of the book. Finally, in the last stage, the
robotic arm moved out of the camera’s view, allowing the camera to cap-
ture images
Throughout these stages, we provided specific directions to the servo mo-
tors, and they rotated accordingly. To ensure optimal performance, we
supplied the motors with an AC source of 20V. Since servo motors require
a sufficient voltage supply to function properly, the AC source was neces-
sary for precise movements.
This entire process operated in a loop, allowing the robotic arm to transi-
tion from one stage to another with user-defined delays.

3.7.4 Vacuum Pump Kit

The Vacuum Pump Kit is a specialized component designed for robotics
that requires the use of vacuum suction. The kit includes a silicone suc-
tion cup, PWM electronic switches, a vacuum pump, an 800mm silicone
hose, and a Tee-joint electronic valve. The vacuum pump is designed to
generate a maximum vacuum pressure of 85kPa, which is suitable for a
wide range of applications. The pump operates using a DC voltage of 12V
and is connected to the servo motors using the 25T spline provided. The
silicone suction cup provides the gripping power needed to stick and lift the
page. The cup can be easily attached to the vacuum hose provided in the
kit. The two PWM electronic switches allow for the precise control of the
suction power. They are connected to Arduino to automate the suction
operation. The 800mm silicone hose serves as a connection between the
suction cups and the vacuum pump. It is flexible and durable, allowing
for easy maneuverability during operation. The Tee-joint electronic valve
provides an additional level of control over the suction power. It allows for
quick and easy adjustments to the air pressure.

a) Assembling of Vacuum Kit

The vacuum pump is connected to a power source, and the suction cups
are attached to the end of the vacuum hose. The electronic switches and
the Tee-joint electronic valve are then connected to the pump and the servo
motors, and the suction power can be controlled using the switches.
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b) Working

The entire process involved controlling a pump and a solenoid valve to
adhere to and lift the page using suction power. Initially, both the pump
and solenoid valve were kept turned off. The process commenced by ac-
tivating the air pump while keeping the solenoid valve off, generating the
necessary suction power to stick to and lift the page. Once the page was
lifted, the air pump was turned off, and the solenoid valve was opened,
discontinuing the suction power and ultimately releasing the page from the
suction cup.

Figure 3.9: Vacuum Pump Kit

3.7.5 Slider

The slider was one of the most significant parts of our project as it allowed
us to move our camera back and forth. This enabled the camera to capture
pictures of both pages one by one, ensuring that the image quality was
not compromised. Additionally, the slider allowed us to complete our work
using just one camera instead of needing two different cameras for each
page. To design the slider, we utilized a 12V DC stepper motor along with
a linear screw nut slider and an H bridge.

a) H-Bridge

We utilized an H-bridge as an electronic circuit to control both the di-
rection and speed of a DC motor. The H-bridge earned its name due to
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Figure 3.10: Slider

its schematic resemblance to the letter ”H”. This configuration consisted
of four switching elements, usually transistors or MOSFETs, arranged in
pairs. The DC motor was connected to the central junction of the H-bridge,
and the four switches were used to regulate the flow of current through the
motor.
By selectively turning the switches on and off in a specific sequence, the
H-bridge was able to reverse the direction of the current flowing through
the motor, thereby changing the motor’s rotation direction. Additionally,
by modifying the pulse width of the signals that controlled the switches,
the H-bridge could adjust the motor’s speed.
We employed the L9110S Dual Channel Motor Driver Module (H-Bridge)
in our project. This compact module was equipped with two independent
L9110S motor driver chips, each capable of driving up to 800 mA of con-
tinuous current. The module could be powered from 2.5V to 12V, making
it compatible with both 3.3V and 5V microcontrollers. To connect the
module to a microcontroller, we utilized a set of male header pins. The
module provided two sets of screw terminals for attaching motors.
We regulated the module’s speed using a PWM (Pulse Width Modulation)
signal, while the direction could be changed using a digital output. Addi-
tionally, the module had the capability to drive a single four-line, two-phase
stepper motor. For easy attachment to a robot or other projects, the mod-
ule included four mounting holes.

Specification
• Motor Voltage: 2.5 12V
• Motor channels: 2
• Max Continuous Current per Channel: 800 mA
• Size: 31mm x 22mm x 12mm

29



Figure 3.11: H-Bridge

b) Working and Interfacing with Slider:

The motor was connected between the central junctions of the H-bridge
in our completed project, and the four switches were utilized to control the
flow of current through the motor. The H-bridge played a crucial role in
changing the direction of the current flowing through the 12V DC motor to
control the linear screw of the slider. By selectively turning on and off the
switches in a specific sequence, the H-bridge altered the motor’s direction
of rotation, effectively controlling the linear motion of the slider.

Figure 3.12: H-Bridge Schematics

12V DC Stepper Motor with Linear Screw Nut Slider:

It is widely used for small devices such as medical equipment, laser engrav-
ing machine, etc. The motor needs a A4988 driver to drive, and cannot
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directly connect to power. The maximum linear speed is 25mm per second.
This slider consists of 3 main parts

• Linear screw
• 12 V DC motor
• Limiter (Linear limit switch)

The 12V DC motor is attached to the linear screw. This motor will be
responsible for driving the screw to move the camera along the rod.
A linear screw, also known as a lead screw, is a type of mechanical compo-
nent used for converting rotational motion into linear motion. The linear
screw is typically composed of a shaft, and a matching slider that moves
along the length of the rod. The main use of a linear screw is to provide
precise and smooth linear motion in a wide range of applications. They are
commonly used in machinery and automation systems for linear actuation,
such as moving a camera slider or positioning a robotic arm. One of the
advantages of using a linear screw is that they can provide a high degree
of accuracy and repeatability in positioning. The lead screw has a precise
slider moves smoothly along the length of the rod, resulting in a linear
motion that is consistent and repeatable.
The limit switch acts as a safety feature to prevent the motor from contin-
uing to run when the camera has reached the required position on the rod.
This prevents the motor from getting damaged due to overloading.

c) Assembling and Working

We connected the motor and limit switch to an Arduino board by us-
ing a motor driver. The limit switch was connected to a digital pin on
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Figure 3.13: Limiter Switch

the Arduino so that its state could be monitored. By doing so, we were
able to control the motor and read the status of the limit switch using the
Arduino. The Arduino board was programmed to detect when the camera
had reached its intended position on the rod by monitoring the state of the
limit switch. When the limit switch was triggered, the controller stopped
the motor to prevent the camera from moving any further, ensuring that
it remained in the desired position.

3.7.6 flipping Rod

The flipping rod is then attached to the linear screw. This will act as a
guide for the screw to move the camera along the rod.

Figure 3.14: Flipping Rod
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3.7.7 Keypad 4x3

Keypads are widely used in electronics. A 4x3 Keypad have a total number
of 12 buttons; Numbers from 0 to 9, a asterisk (*) and a Hash (#). We
have used a 4x3 Keypad in our project.

Figure 3.15: Keypad 4x3

Figure 3.16: Keypad Schematics

There are 4 rows and three columns. Each button is in form of switch.
And one side of each switch is connected to a row and the other side to a
column. If we press switch 2, the input of this row is saved at the output
of its column. We interfaced the keypad with Arduino using Pin numbers
35, 33, 31, 29,27, 25, 23. We are using keypad in our project so that the
user can select the number of pages he/she wants to scan.
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3.7.8 Web Cam

A webcam is an input device that captures digital images. These are trans-
ferred to the computer, which moves them to a server. From there, they
can be transmitted to the hosting page. Laptops and desktops are often
equipped with a webcam. They are commonly connected to a device using
USB or wireless protocols. the systems used in webcams have a sufficiently
large depth of field that the use of a fixed-focus lens does not impact image
sharpness to a great extent. webcam contains some built-in image process-
ing, separate from compression. Support electronics read the image from
the sensor and transmit it to the host computer. The camera pictured to
the right to transmit its image over USB.

a) Optocoupler

Optocouplers that are also called photo- couplers or opto-isolators con-
sist of two components in single package. One is the LED and a photosen-
sitive device that is used to optically couple an electrical signal without an
electrical connection. Optocoupler is uni-directional means that it can pass
signal in one direction only. Optocouplers prevent the circuits receiving the
signal from high voltages. There are many different types of optocoupler
but we used the PC817.
To trigger the webcam if it has physical button then it is better to trigger
it from Arduino via a photocoupler. The photocouplers or optocouplers
are typically contained in a single package, often about the size of an in-
tegrated circuit, although there is a large degree of variation according to
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the intended application.

Figure 3.17: Optocoupler

Figure 3.18: Optocoupler Schematics

b) PC817

PC817 is an optocoupler that consists of infrared LED and a photo-
transistor. This optocoupler works in this way that first the current is
applied to the optocoupler which turns on the LED. The LED then gener-
ates infrared radiation or light that is proportional to the current flowing
through it. After that this light strikes on the phototransistor which con-
ducts current. Basically, this device works as a switch. As soon as the
current stops flowing, the LED turns off and the phototransistor also stops
conducting and it is turned off. Also, at the input side of the optocoupler,
a 1k ohms resistor is connected in series to the anode to limit the current
flowing across the IR LED.

In our project we used C120 webcam to capture images and we used
photocoupler to trigger the webcam. In an OptoCoupler/Photo Transistor
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Figure 3.19: Camera Trigger Schematics

an LED triggers a photo sensitive transistor.

Figure 3.20: Camera used

Camera Specification
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Figure 3.21: Camera Result

3.7.9 Image To Text

One of our tasks was to automatically convert images into text files. Al-
though there are various software options available to perform this function,
they typically require user intervention and are not automatic. To address
this problem, we incorporated Tesseract, which automatically converts im-
ages into text format. We had two primary objectives. Firstly, the program
needed to automatically retrieve an image from a stored file, convert it into
text, and save it to another file. These functions were designed to run con-
tinuously in a loop without any human assistance. For this purpose, we
utilized Visual Studio Code (VS Code), a streamlined code editor that sup-
ports development operations such as debugging and task running.
In our project, we used Python programming language and the Tesseract
OCR library to perform the image-to-text conversion. We also incorpo-
rated the PIL (Python Imaging Library) library, which enhanced image
processing capabilities in Python. Image processing involves applying vari-
ous operations on images to extract useful data or enhance the image itself.
In image processing, images are typically treated as 2D signals while ap-
plying different processing methods.
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Tesseract, the library we employed, utilizes a neural network called a line
recognizer. It excels at detecting text within large documents, processing
one line at a time in a downward direction. It can also recognize text from
images containing a single text line. Additionally, Tesseract employs char-
acter recognition patterns to identify specific characters within images. To
implement the functionality, we provided paths to the Tesseract OCR and
image files. This allowed the program to locate the specified image. It then
opened the file, read its contents, extracted the text, and finally stored the
extracted text in another file. This flexibility allowed us to save the file
anywhere and specify any desired path for the input image.

Figure 3.22: Text file

This the a image that was converted to the text form. You can easily
see in the next picture that the image is converted to text.

3.7.10 GUI (Graphical User Interface)

GUI, or graphic user interface, stands for. It is a sort of user interface that
enables users to interact with electronic devices or software using graphical
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elements rather than text-based commands, like icons, buttons, windows,
and menus. GUI’s offer visual representations of tasks and options to make
it simpler for users to deal with complex systems. They frequently appear
in operating systems, programmers, and websites to offer a simple and clear
user interface. GUI’s typically include various graphical components such
as windows, buttons, check boxes, radio buttons. In our project, we created
a GUI using Python. The GUI featured a start and stop button, allowing
the user to initiate or halt the processing. Additionally, the GUI provided
visual feedback indicating that the pictures were being processed.

Figure 3.23: GUI Start Button

Figure 3.24: GUI Stop Button

3.7.11 PDF

A PDF (Portable Document Format) is a file format used to represent doc-
uments in a manner that is independent of application software, hardware,
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and operating systems. Text, photos, vector graphics, hyperlinks, forms,
and interactive components can all be found in PDF files. They are made
to ensure that a document seems the same to all users by maintaining
the formatting, layout, and fonts of the content across various devices and
operating systems. Many other uses for PDF exist, including: Document
sharing: Since they can be opened and viewed on practically any device
with a PDF reader, PDF are frequently used to share documents with oth-
ers. Printing: PDF are frequently used for high-quality printing because
they can maintain a document’s layout and typefaces, guaranteeing that it
prints reliably on various printers. E-books: Since many e-books are dis-
tributed in PDF format, users can view and browse the book on a variety
of gadgets. PDF are used for document archiving because they can hold
a lot of data in a small, self-contained package. The second major part
of our project was to form a PDF. We utilized a Python library for PDF
processing to generate the PDF file after extracting the text. This PDF
served as the final output of our entire project, providing the user with the
text file in a PDF format.

Figure 3.25: PDF
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3.8 Hardware Model

Figure 3.26: Hardware Model
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3.9 Working Of Hardware

We have made an Automatic Book Scanner that can scan the pages of a
book and turn them into text files. The scanner starts working when the
user types the desired number of pages he/she wants to scan using a 4x3
keypad. As soon as the user has typed the number of pages the robotic
Arm starts working. First the Robotic Arm moves to its initial position.
Then it moves towards the book. Now the robotic arm is at the top of the
book and then it starts moving towards the book to pick the page. There is
a touch sensor at the end of the robotic arm. When this sensor detects the
page it turns on the vacuum pump. If it does not detect anything then the
robotic arm stops working. The vacuum pump stick to the page and after
that the robotic arm start moving to its second position with the page lifted
by the vacuum pump. After that the flipping rod starts working which will
flip the lifted page. The flipping rod moves from 0 to 180 degrees. If the
page is not flipped then the robotic arm stops working. If the page is
flipped then the vacuum will turn off and the robotic arm moves out of the
frame of the camera. After that the camera will click the picture of one
page of the book. After that the slider will move the camera to the second
page of the book and camera clicks the picture of the second page. This
process repeats until all the desired pages of the book are scanned. When
the whole scanning process completes then the scanned images of the book
is converted into text form in a single file. And this is the end of the process.

3.10 Hardware Code Explanation

We designed our hardware in such a way that our robotic arm along with
vacuum pump help in the flipping of book. We also added a flipping rod
in our hardware design. There is slider and camera to take pictures. We
did Arduino coding according to our requirement. It includes the necessary
libraries for using a keypad and controlling servos. These libraries are servo
and keypad. We are using 4 servo for robotic arm movement. There is an-
other servo motor for flipping rod. There is a solenoid and a vacuum pump.
In last there is a DC motor for slider movement. We first declared the pin
numbers. Then in the setup() function serial communication is initialized.
Pin modes are set for input and output. Servos are attached to their re-
spective pins. Initial positions of servos are set. In the loop() function the
user will enter a three-digit number using the keypad. The number is con-
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verted to an integer. If the number is greater than zero, a loop is executed.
scanLtPage() is called to scan the left page. scanRtPage() is called to scan
the right page. changePage() is called to perform a page change operation.
After the loop ends, the position of some servos is reset. Now there are
three types of operations that will be performed. Change page operation is
used to flip the page. We specify different rotations and positions of servo
motors. Flipping rod will move 180 degree and vacuum will turn on and off
at specific time to pick the page. Next The scanLtPage() function. We will
Increments i. And then it activates the left camera (camLeft). Waits until
the limit switch (limit) is activated. Deactivates the left camera. Prints
the current page number (i).Triggers the camera (camTrig) sand in the end
it will decrements num.
The variable i is incremented to keep track of the current page number.
The camRight pin is set to LOW to deactivate the right camera (assuming
it was previously activated).The camLeft pin is set to HIGH to activate
the left camera. There’s a delay of 2000 milliseconds (2 seconds) to allow
time for the camera to stabilize or adjust. The function enters a while
loop that checks the state of the limit pin using digitalRead(limit).The
loop continues as long as the limit pin is LOW, indicating that the limit
switch is not activated. This loop effectively waits until the limit switch
is triggered, indicating that the camera has reached the desired position
or end of the page. Once the limit switch is activated, the camLeft pin is
set back to LOW to deactivate the left camera .The current page number
(i) is printed to the serial monitor using Serial.println(). There’s a delay
of 500 milliseconds to allow for any necessary processing or stabilization.
The camTrig pin is set to HIGH to trigger the camera to capture an image
or perform a specific action. There’s a delay of 500 milliseconds to ensure
that the trigger signal is sent for an adequate duration. The camTrig pin
is set back to LOW to deactivate the trigger signal. There’s a delay of
500 milliseconds before moving to the next step or iteration. The variable
num is decremented, which indicates that one page has been scanned or
processed.
Essentially, the scanLtPage() function sets up and activates the left cam-
era, waits for the limit switch to indicate the end of the page, triggers the
camera to perform an action (such as capturing an image), and updates the
necessary variables to keep track of the progress. The function will perform
on the scanRtpage(). That will trigger the right camera .This whole pro-
cess will repeat depending upon the number of digits enter on the keypad.
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Flow chart of Hardware Implementation

Figure 3.27: Flow chart of Hardware Implementation

Figure 3.28: PCB Layout
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Figure 3.29: PCB Schematics

3.11 Software Code Explanation

3.11.1 Image to Text

Our next major task was to perform a text extraction on the camera images
and save it to some external memory or in the form of pdf . Our code is a
Python script that monitors a specified folder for new image files, performs
optical character recognition (OCR) on each image file using Tesseract
OCR, and displays the processed file names and extracted text in a Tkin-
ter GUI window and in the end it will create the pdf. A common Python
library for building graphical user interfaces (GUIs) is Tkinter. You can
create windows, buttons, labels, text boxes, and other GUI components
using the classes and functions that are provided. To create a Tkinter win-
dow we Import the tkinter module. Then we create an instance of the Tk
class, which represents the main window. In Tkinter, a Text widget is a
GUI element that provides a multi-line text editing area. It allows users
to enter, view, and manipulate text content. The Text widget is versatile
and supports various text-related operations, such as inserting text, delet-
ing text, selecting text, and applying formatting. In Tkinter tk.END is
a constant that represents the special index used to refer to the end of a
text widget’s content. It is used to specify positions or ranges within a
Text widget for various text-related operations. The tk.END constant is
typically used as an index to indicate the end position of the text content
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within the widget. It allows you to perform operations such as inserting
text at the end, deleting text from a specific position to the end, or retriev-
ing text from a specific position to the end.
First the necessary libraries are imported: sleep from the time module, tk-
inter for GUI, os for file operations, Image from the PIL (Python Imaging
Library) module, pytesseract for OCR,FPDF from fpdf as it will imports
the FPDF class, which is used to create PDF documents programmatically
and io. io will provides functions for working with streams, which are used
to handle PDF output. The sleep() function is a part of the time module
in Python. It provides a way to pause the execution of a program for a
specified number of seconds. It is commonly used for introducing delays
or creating time intervals in code. Inside a class, we can define attributes
(variables) and methods (functions) that belong to the class. The attributes
store data associated with the class, and the methods define the behaviors
or actions that the class can perform.
The FileWatcher class is defined, which will handle monitoring the folder
and processing the files. It watches the specified folder for new files. It
initializes with the folder path and a text widget where the output is dis-
played. It keeps track of the files that have been processed and the current
files in the folder. We have form two types of function in it. One is the
displayCurrentFile(self) and other is update files(self). displayCurrentFile
displays the name of the file that is currently being processed and calls
the mainOcrFunction to perform OCR on the image. Once the OCR is
completed, it updates the processed files list and schedules itself to be
called again after a delay of 10 seconds. The text widget is updated with
the most recent information regarding file processing via the displayCur-
rentFile method of the FileWatcher class. The old text widget content is
removed, and the name of the currently processed file is substituted. It
calls the mainOcrFunction to perform OCR on the image file if it has never
been handled previously. After the OCR is finished, it refreshes the list of
files that have been processed and sets a 10-second wait before calling itself
again. A notification stating that all files have been processed is displayed
when there are no more files to process. update files(self) updates the list
of current files in the folder.
The mainOcrFunction function uses the Pytesseract library to conduct
OCR on the picture file and as an output we retrieved a text file. When
a user presses the “Start” button on the GUI, the start watching function
is called. It sets up a FileWatcher object with the text widget and folder
location. The GUI consists of Start button and a text widget where the
output is shown. The start watching function start working when the user
hits the Start button initialising the FileWatcher object and starting to
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watch the specified folder for new files.

In the display current file if the start button’s text is Start it means the
watcher is stopped, and the method creates a PDF document named ”out-
put.pdf” using the FPDF class and the content of a ”readme.txt” file.If the
start button’s text is ”Stop,” it means the watcher is active, and the method
updates the text widget with information about the currently processing
file. In the update file if the start button’s text is “Start,” the method
returns early. If the start button’s text is ”Stop,” the method updates the
current files list every 1 second using the after method. Using this code,
a GUI was created that enables users to specify a folder path and check
it frequently for new picture files. Tesseract OCR is used to process each
new file, and the GUI displays the file names and text that was extracted
in real-time. In the end it will create the PDF as an output.

Flow chart of Software (Image to Text)

Figure 3.30: Flow Chart of Image to Text
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Chapter 4

Results and Discussion

In our FYP III we have completed all the tasks and objectives of our
project. As the name indicates our project have 2 major portions one is
hardware part includes the whole setup of robotic arm, flipping rod, power
supply, sensors, camera and whole framing of book scanner. And our soft-
ware part includes the whole storage of images and their compilation and
conversions. The whole process is automatic and does not require any hu-
man effort. In our FYP 3 we have achieved the following milestones
1. Robotic arm and its required rotations.
2. Servo motors interfacing with Arduino.
3. Keypad interfacing
4. Vacuum Pump interfacing
5. Slider designing and Interfacing 6. Flipping Rod
7. Camera interfacing with Arduino and displacing the snap shots on lap-
top screen.
8. Images to text file conversion.
9. PDF generation 10. Made an user friendly GUI

We have successfully achieved 85% of our deliverable. Our machine can
scan 5 pages per minute and 300 pages per hour.
Firstly we have interfaced a 4x3 keypad so that the user can select the
number of pages he or she wants to scan. The user can select any 3 digit
number.
Secondly we have interfaced the robotic arm with Arduino and attached
the required servos with it. Our robotic arm is moving in all designated
rotation one by one and its mechanical rotations are visible in our project
video. We are using our Robotic Arm with a vacuum pump to lift the
pages of the book. And used a flipping rod to flip that page.
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Thirdly we have successfully interfaced camera C130 with Arduino Mega2560
using software VC90. Also we have attached a slider with our camera.
Firstly the slider will move the camera to take picture of first page of the
book then the slider will move back to its initial position to take the pic-
ture of the second page. This process is working in loop according to the
number of pages. The pictures are displayed on laptop screen.
The second part of our project is image to text conversion. We are using
different libraries of python to extract the text from images and to store all
these images we have designed a GUI which will show the image conversion
process and also stores the files in a proper sequence in a specified folder.

49



Chapter 5

Impact on Environment

Digitization of hardcover documents will reduce the human dependency on
paper and automatically reduce the deforestation caused for paper products
every year. In the process of making physical books the paper come directly
from the trees. And not from some recycled materials. Speaking of the
production of the books globally, the process of producing books itself
releases more than 40 million metric tons of CO2. So the use of digital book
is much more sustainable and in addition to that it also helps to protect our
environment by getting rid of the excessive use of paper. In digital form,
extensive data can be stored in a small chip. They are portable and easily
accessible for every user. Scanning book manually by turning each page one
by one is really hectic and time consuming. Our project of scanning book
automatically will help the user to save time and energy. The challenge
of obtaining the specific information requested by the user can be easily
searchable. In digital form, data will be secure, and no physical damage
to the documents will affect the digital copy. As soon as we realize that
by digitizing our books we really don’t have to worry about the printing
and re printing activities. And also by digitizing your books we can save a
great amount of paper and therefore leaving a green carbon footprint. Our
selected prototype of an automatic book scanner design is cost efficient and
beneficial for users by saving their time and money and also beneficial for
the environment and it will have a positive impact on environment and
sustainability.
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Appendix A

First

#include <Keypad.h>

#include <Servo.h>

Servo srvo1; // create servo object to control a servo

Servo srvo2; // create servo object to control a servo

Servo srvo3; // create servo object to control a servo

Servo srvo4; // create servo object to control a servo

Servo srvoRod; // Flipping Rod

Servo srvoPump; // Pump

Servo srvoSol ; // Solenoid

const int camTrig = 9; // Camera Trigger

const int limit = 44; // limit sensing pin

int touchState = 0;

const int camIn = 38;

const int camLeft = 47;

const int camRight = 49;

const int cw = 51;

const int ccw = 53;

const byte ROWS = 4;

const byte COLS = 3;

char keys[ROWS][COLS] = {

{'1', '2', '3'},

{'4', '5', '6'},

{'7', '8', '9'},
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{'*', '0', '#'}

};

byte rowPins[ROWS] = {35, 33, 31, 29}; //connect to the row pinouts of the keypad

byte colPins[COLS] = {27, 25, 23}; //connect to the column pinouts of the keypad

Keypad keypad = Keypad(makeKeymap(keys), rowPins, colPins, ROWS, COLS);

String cmd;

int i,num;

int angle;

void setup(){

Serial.begin(9600);

pinMode(camLeft, OUTPUT);

pinMode(camRight, OUTPUT);

pinMode(camTrig, OUTPUT);

pinMode(limit, INPUT_PULLUP);

srvo1.attach(2);

srvo2.attach(3);

srvo3.attach(4);

srvo4.attach(5);

srvoRod.attach(6);

srvoPump.attach(7);

srvoSol.attach(8);

srvo1.write(0);

srvo2.write(20); // Fix

srvo3.write(45);

srvo4.write(0);

srvoRod.write(180);

srvoPump.write(0);

srvoSol.write(0);

}

void loop(){

char key;

String input = "";

int numDigits = 0;

while (numDigits < 3){

key = keypad.getKey();
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if (key) {

input += key;

numDigits++;

Serial.print(key);

}

}

Serial.println(" - Input complete");

num = input.toInt();

Serial.println("Number entered: " + String(num));

if (num > 0){

i = 0;

while(num > 0){

scanLtPage();

while(num > 0){

scanRtPage();

break;

}

while(num > 0){

changePage();

break;

}

}

}

else{

Serial.println("Invalid Value");

}

delay(500);

srvo2.write(20);

srvo3.write(45);

srvo4.write(0);

delay(1000);

srvo1.write(0);

}

void changePage(){

srvo1.write(55);

delay(2000);

srvo2.write(5);

srvo4.write(20);

srvo3.write(45);
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delay(500);

for (int angle = 45; angle > -1; angle--){

srvo3.write(angle);

delay(50);

}

srvoPump.write(235);

srvoSol.write(0);

delay(2000);

for (int angle = 0; angle < 46; angle++){

srvo3.write(angle);

delay(50);

}

delay(1000);

srvoPump.write(0);

srvoSol.write(0);

delay(500);

srvoRod.write(150);

delay(1000);

srvoRod.write(20);

delay(2000);

srvoRod.write(180);

delay(2000);

cmd="";

srvo1.write(30);

delay(2000);

}

void scanLtPage(){

i++;

digitalWrite(camRight, LOW);

digitalWrite(camLeft, HIGH);

delay(2000);

while(digitalRead(limit)==LOW){}

digitalWrite(camLeft, LOW);

Serial.println("Page#: " + String(i));

delay(500);

digitalWrite(camTrig, HIGH);
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delay(500);

digitalWrite(camTrig, LOW);

delay(500);

num--;

}

void scanRtPage(){

i++;

digitalWrite(camLeft, LOW);

digitalWrite(camRight, HIGH);

delay(2000);

while(digitalRead(limit)==LOW){}

digitalWrite(camRight, LOW);

Serial.println("Page#: " + String(i));

delay(500);

digitalWrite(camTrig, HIGH);

delay(500);

digitalWrite(camTrig, LOW);

delay(500);

num--;

}
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Appendix B

Second

from time import sleep

import tkinter as tk

import os

from PIL import Image

from pytesseract import pytesseract

import os

class FileWatcher:

def _init_(self, folder_path, text_widget):#Initializes the FileWatcher

object.

self.folder_path = folder_path #Stores the folder path.

self.text_widget = text_widget #Stores the Text widget.

self.filesProcessed = [] #Keeps track of files been processed.

self.currentFiles = [] #Stores the list of current files in the folder.

self.update_files() # it call this file to update the file list

self.displayCurrentFile() #method to display current file being processed.

def displayCurrentFile(self): #Displays the current file being

#processed in the Text widget.

self.text_widget.delete('1.0', tk.END)

for i in range(0, len(self.currentFiles)):

if self.currentFiles[i] not in self.filesProcessed:

print(self.currentFiles[i])

self.text_widget.insert(tk.END,'Currently Processing File:'+

self.currentFiles[i] +'\n')

self.filesProcessed.append(self.currentFiles[i])

57



filePath = self.folder_path + "\\" + self.currentFiles[i]

mainOcrFunction(filePath)

self.text_widget.after(10000, self.displayCurrentFile)

return

self.text_widget.insert(tk.END, 'All files have been processed\n')

self.text_widget.after(10000, self.displayCurrentFile)

return;

def update_files(self):

self.currentFiles = os.listdir(self.folder_path)#to get list of files

#in the specified folder and assigns it to self.currentFiles.

self.text_widget.after(1000, self.update_files)

def mainOcrFunction(filePath):

print(filePath)

#Define path to tessaract.exe

path_to_tesseract = r'C:\Program Files\Tesseract-OCR\tesseract.exe'

pytesseract.tesseract_cmd = path_to_tesseract

#Open image with PIL

img = Image.open(filePath)

#Extract text from image

text = pytesseract.image_to_string(img)

print(text)

f = open("readme.txt", 'a')

f.write(text)

f.close()

return

def start_watching():

folder_path = r'C:\Users\Hammas Ahmed\Downloads\finalzip2\finalzip' #set the path to folder where the pictures are being stored

text_widget.delete('1.0', tk.END)

watcher = FileWatcher(folder_path, text_widget)

root = tk.Tk() #This line creates the main Tkinter window object, which

#is typically referred to as root

root.title("File Watcher")#This line sets title of window to File Watcher

start_button = tk.Button(root, text="Start", command=start_watching)
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#it create a button name start

start_button.pack(pady=10) # pack automatically arrange the widget in

#vertical manner

# pady argument specifies the vertical padding (space) around the button.

text_widget = tk.Text(root)

text_widget.pack(fill=tk.BOTH, expand=True, padx=10, pady=10)

root.mainloop()
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Appendix C

Data Sheets
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Appendix D

Sustainable Development
Goals (SDG’s)

1) Quality Education

2) Climate Action
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