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ICON LIST (ALPHABETIC)

I Current [A]

B Transistor gain [No unit]

B Magnetic flux density [T]

N Number of coils turns [No unit]

a Coil radius [m]
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Greek letters

o Permeability of free space [N/A?]

M’ A project supported by TUBITAK 1002-A Quick Support Module V
TUBITAK




| Reading Support Device for the Visually Impaired | Rev1.0 |

LIST OF ABBREVIATIONS

WHO World Health Organization

OCR Optical Character Recognition

USD United States Dollars

PCB Printed Circuit Board

KiCAD Ki Computer Aided Design Software

CER Character Error Rate

DC Direct Current

SPI Serial Peripheral Interface

BJT Bipolar Junction Transistor

SW_MOD Swith_Mode

DIR_1 Direction_1

DIR_2 Direction_2

P1Pinl

P2 Pin2

P3 Pin3

VT Voltage Transistor

IC Integrated Circuit

CLAHE Contrast Limited Adaptive Histogram Equalization
CNN Convolutional Neural Network

ANSYS Analysis System Software

DIP Dual-in line package

SMD Surface Mounted Device

PLA Polylactic Acid
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CVHI Conference & Workshop on Assistive Technologies for People with Vision & Hearing
Impairments Assistive Technology

IEEE Institute of Electrical and Electronics Engineers
CVPR Computer Vision and Pattern Recognition

ICPR International Conference on Pattern Recognition
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a- Driver system control

The code is shown in figure 4.3.4.2 below
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while k < len(segments):

first 8 = text_to_bytes[k][:8]
second 8 = text_to_bytes[k](8:]
zero_byte = to_bytes(1,

big*)

#A3d zeros to first 8

while len(first 8) < §: 1
Tirst_8.append(zero_byte) 1
#Add zeros to secon B

e len(secona 8) < 5:

$8cond_8. append(zero_byte)

WIOLe_16_Uine = [first s, second_s)

1 handie 8 = p1.xpt open(s, freque
b 3 ey, 8
SPARSINL = 91591 opens. rroquency. 1)

Taten_nods
try:

= (1ateraad 0, tatcroa 16) Kl
clear_modules(lateh mods(1]);
SPI0. cutput (spimoce, P10, W1cw)

T0r 1 in range(2).
Clear_modules,

Set_direction(1, up_sad, low mod)

X PrARK(*\nin\n®, segmentsik), “\nuninc)
(1ateh moas(1));
Clear_ping();

# I8¢ tep: s a11 sogy
1
* reset mooutes() =

Clear_overything(lateh moasq1))

(lateh,

send_data_o '%ads(1), modules(y), t);
T trnetionts, v mo, 1o time.sleep(1/froquency) 03). t),

18 & < \an(segemnts)

Clear_everything(latch mods[1])
time.sleep(0.6001)

print(ke1, "line nusber fintshed")

while True:
Af GPIO, input(next_pin) == GPIO.LOW:
broak

ir l'lo,inwl(prm_pln) == GPIO.LOW:
k=2

Pprint(k)

AT K >= lon(segments):
PEARE(" P4 o)
break

#reset_modules()

Figure 4.3.4.2. Driver system’s code

The code steps are shown below:
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e Take input from image as a string.

e Divide the string into segments where each has maximum number of words that can be
shown in one line (16 characters on the tablet).

e Convert characters in each segment to bytes.

e Loop through the segments.

e Wait for next OR previous buttons to decide wether to go to the next segment or previous

one.

e Then all modules are refreshed and the next or previous segment is shown.

Functions used here are to clear shift registers each time a new segment is displayed and sending

new data to be displayed.

Figure 5.1.1. (a) Driver system PCB layout, (b)

Figure 7.2.1. Project proposal acceptance letter
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SUMMARY

This project report is written as the final report for Graduaion project course given by Yildiz
Technical University in Fall 2023-2024. The report starts with a background on the used Braille
technologies and their different solutions. The purpose and scope of the project was shown, and
a functional analysis was done. A rich literature research was conducted on braille refreshable
displays and a coil and a Driver system was suggested to surpass the recent Braille technologies.
Its principal operation was explained and the market requirements with needed technical
specifications were listed. Theoretical backgrounds on shift registers, source/sink transistors
and Biot Savart law were explained. The entire system and its sub systems were showed with
3D models, exploded view and technical drawings. Also, their uses were explained. Electronics
design steps were conducted and some simulations on KiCAD and SolidWorks were added.
Software design phases using image processing and OCR were explained. Driver system PCB
and its working principle were explained. The working schedule was organized and budget for
the needed materials was determined. Receipts of the materials list were added, and external
support application was shown. References used in all sections were written according to the
university given template for thesis word file. Finally in appendices, table of the materials total
cost was added.

Keywords: Braille, Driver system, OCR
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1. INTRODUCTION
1.1  Project description

According to the World Health Organization (WHO), approximately 253 million people
worldwide have moderate to severe visual impairments, with 36 million of them being blind
(WHO, 2020) [1]. Many daily activities, such as dressing, eating, navigating, and working,
heavily rely on visual information. Being unable to access this information can negatively
impact the quality of life for individuals with visual impairments. Therefore, visually impaired
individuals use their other senses, especially auditory and tactile feedback, to carry out daily
activities. Reading is one of the most crucial activities for them, and they face challenges in
both their social and educational lives. As a result, a special alphabet was developed in the 19th
century by Frenchman Louis Braille [2]. The Braille alphabet is considered a unique reading
and writing system that enables visually impaired and blind individuals to access written
information. The system uses cells consisting of six dots arranged in different combinations,
allowing for the creation of 64 different characters, including letters, numbers, punctuation
marks, and even musical notes. Braille is read the sense of touch, with users typically using
their fingertips to feel these dots. This system has facilitated access to information for millions
of people worldwide, significantly impacting education, employment, and overall quality of
life.

With the advancement of technology, various devices and solutions have been developed, such

as:

e Braille books

e Braille tablets

e Smart voice-enabled pens and applications
e Smart canes

e Audio reading systems

However, there are still areas where these solutions fall short. These areas can be summarized
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under six main headings:

Specialized Printed Content Development Requirement: This criterion indicates the
need for developing specialized printed material for the use of a particular technology. For
example, Braille-based systems often require specialized printed materials, while smart
tablets and phones typically eliminate this need.

Content Variety: This refers to the variety of literature supported by technology. In theory,
smart tablets and phones provide access to all literature, whereas some technologies only
support specific types of literature.

Ease of Use: This criterion expresses how easy it is to use technology. It includes both
familiarity with the technology and potential difficulties users may encounter while using
it.

Usage Diversity: This indicates how well technology supports different usage scenarios.
While some technologies offer a wide range of uses, others have a more limited scope.
Need for Special Electromechanical Devices: This criterion specifies whether a
technology requires special electromechanical devices. This is important in terms of both
cost and ease of use.

Technical Requirements (Internet, computer connection, data upload, etc.): This
criterion outlines the technical requirements necessary for using a technology. These are the

prerequisites that users need to meet before starting to use the technology.

Considering these points, the technology to be developed offers significant advantages and

some disadvantages. The absence of a need for specialized printed content development, the

theoretical ability to provide access to all literature, ease of use, and a broad range of uses are

important advantages of this technology. Additionally, not requiring internet connection,

computer connection, or data upload is another significant advantage. However, the technology

need for special electromechanical devices emerges as a distinct disadvantage, which can

increase costs and reduce ease of use. Nevertheless, overall, the advantages offered by the

technology may outweigh this disadvantage, providing a valuable solution for a wide range of

Users.
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1.2 Purpose and scope

The device aimed to create in this project is a tablet-sized and provides the ability to
simultaneously convert printed texts into Braille alphabet, allowing them to be interpreted
through fingertip touch. This method eliminates the disadvantages of portable Braille
translators used by visually impaired individuals, enabling users to perform their daily tasks
more easily. Access to reading materials for visually impaired individuals is limited due to
reasons such as book variety, accessibility, and cost. Access to periodic publications like

newspapers and magazines is especially restricted.

While Braille tablets offer access to a wider collection of books, they come with limitations
such as limited resources and technical challenges (internet connection, additional computer
requirements, translation into Braille language). Another significant advantage of this project
is its relevance to this issue: making text content more accessible across a broader spectrum
compared to existing technologies. This device holds a superior position in making all written

or digital content readable for visually impaired individuals compared to other technologies.
1.3  Functional analysis

The system will take a digital or printed text as an input, and it will display the letters using the
pins on the braille module. The working system of the project can be shown with the Black Box

and Function diagrams shown in figures 1.3.1 and 1.3.2 respectively.

Digital or

"~ printed text B | d Ck BOX — Braille Dots —p

Figure 1.3.1. Black box of the braille tablet system
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: il
Text H Camera Raspberry Pi Driver system > Braille Module ———>| Braille dots actuation

selection
Audio feedback for

capturing guide

Figure 1.3.2. Functional diagram of the system

As shown in the functional diagram above, the initial step involves the individual capturing an
image of the section intended to read using the tablet. After that, the captured photo is
transmitted to the Raspberry Pi for image processing and OCR for letter detection. In the final
phase, the Raspberry Pi displays 32 distinct letters to the driver system, aligning them with the
values corresponding to the Braille modules. A pivotal aspect in this process is the utilization
of the audio feedback system to guide the user in capturing a specific frame while taking the
photo for text comprehension. When the text exceeds 32 letters, the user can advance to the

subsequent sentence after the reading process.
1.4  Literature research

Individuals with visual impairments encounter challenges in accessing text documents,
particularly when reading on the go or under non-ideal conditions, such as low lighting, unique
layouts, or non-perpendicular page orientations. The conducted research, based on interviews
with users of assistive technology, revealed that existing technologies, including smartphone
applications, screen readers, flatbed scanners, e-book readers, and embossers, are often

criticized for their slow processing speeds, poor accuracy, and cumbersome usability.

Technologies developed for visually impaired individuals are mostly wearable devices that are
connected to the phone or computers. In other words, although they are wearable, there are still

physical limitations related to connected devices.

In a wearable form-factor, it is possible to use the body as a directing and focusing mechanism,
relying on proprioception or the sense of touch useful for visually impaired people. VI. Yi and
Tian [1] placed a camera on shade glasses to recognize and synthesize text written on objects
in front of them, and Hanif and Prevost [2] did the same while adding a handheld device for

tactile cues. Mattar et al. are using a head-worn camera [3], while Ezaki et al. developed a

shoulder-mountable camera [4]. The difference between the suggested solution in the report
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and these projects is that it provides instant changes via photos rather than giving individual

feedback via fingers.

And on the other hand, there is refreshable braille. A commercial model is shown in figure 1.4.1
below. Such a model with the ability to show multiple characters simultaneously and take some
input from the user can easily cost between 800-3000 USD depending on the number of
characters and the manufacturer. It is quite painfully clear that such a price tag is out of reach
for most people, especially visually impaired students from low to middle income families.
Another disadvantage of these commercial displays is maintenance. These typically use small
piezo-electric actuators which require high voltage (200 V) to work and are difficult to repair
if they break down [5].

Figure 1.4.1. Example of a commercial refreshable braille tablet

A low power electromechanical braille display was developed by Kim, J., Han, B.-K., Pyo, D.,
Ryu, S., Kim, H., Kwon, D.-S [6]. It uses a flip latch structure to maintain constant force on the
pin without feeding continuous current to the system [6]. The latch structure is composed of
three main components: An eccentric cam shaft, a magnet, a ferromagnetic core, and a solenoid.
The ferromagnetic core is inserted inside the solenoid. The magnet is inserted inside the
camshaft and positioned on top of the solenoid. When the current is fed to the solenoid, a
magnetic field is generated which pushes the magnet and thus the camshaft rotates, and the
braille pin is lifted. When their solenoid is not actuated, the pin stays in the lifted position. The
same happens when reverse current is fed, and the camshaft rotates in the opposite direction to
lower the pin. Figure 1.4.2 below shows the operating mechanism of the flip latch structure.
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0 deg 90 deg 180 deg

Figure 1.4.2. Flip latch structure in the electromechanical braille display [6]

The system is suitable for the projects purpose, but the small dimensions of a braille pin limit
the real design and production of it. Thus, V. [7] developed a low-cost practical flip latch
structure based on the principle in figure 1.4.2 above. The device is composed on 8 braille
modules that can be controlled separately using 8 output decoders and sink transistors for
sinking high current in case many pins in one module were actuated. The pins in each module
are controlled using 8 output decoders with both source and sink transistors for current
amplification and current sinking, respectively. An animation of the braille module is shown in

figure 1.4.3 below.

Figure 1.4.3. Braille module operation animation [7]

As seen in figure 1.4.3 above, the module is connected to the driver system as it is designed
separately from the driver system. In other words, the driver system can be changed based on
the number of braille modules to be attached, however the modules can be produced with the

same structure independently reducing its cost and the system complexity.
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An animation shown in figure 1.4.4 provided by [7] shows the practical operation of the flip

latch structure.

Figure 1.4.4. Practical flip latch structure operation animation [7]

The same flip latch structure will be implemented. In addition, the advantage of this thesis

design is that it integrates the structure in [7], an improved circuit driver

The PCB coils designed in [8] were planned to be used instead of the manually wired coils
were tested but not enough force was provided to rotate the latch structure due to the design
dimensions. For this reason, a semi automatic setup was done similar to [7]. Using a 3D
printed handle, a DC motor and a button connected directly to the power supply that can be

pushed with the user’s leg, the winding of one coil takes about 10 minutes.
The wire used is an enamled copper wire of 0.05 mm dimensions.

On the other hand, an improved driver system was used. Using the same circuit driver in [7]
and using 74HC595 shift register instead of decoders, data (Which module or pins will be

activated) is sent serially in order to decrease the inputs number and increase algorithm speed.

For serial data transmission, SPI protocol was adapted for ease of use and ability to control

multiple outputs at the same time.
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2. REQUIREMENT SPECIFICATIONS

o Weight

J Use

o Cost

o Energy resources and efficiency
o Performance

J Functionality

o Reliability

. Accuracy
2.1  Market Requirements

1. System must be lightweight, portable, and easy to use.
2. System must have low cost.
3. System must be consuming low power.

4. System accuracy must be higher than 80%.

2.2 Technical Specifications

1. System dimensions must not exceed 27 x 27 x 5 cm?,

2. Output current must not exceed 500 mA.

3. OCR Character accuracy rate of the algorithm must be above 80%

4. The braille module must be able to read characters recognized by the OCR software

with at least 80% accuracy (CER below 20%).

5. System cost must not exceed 15000 TL.

18
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Table 2.2.1 below groups the market and technical specifications with some explanations.

Table 2.2.1. Specifications table

Market Technical )
L o Explanation
Specifications Specifications
14 . The decision was made by looking at related products on
' the market.
124 5 The current value was determined from the datasheet of
o source and sink transistors used in [7].
A 3 The required minimum accuracy for good efficiency and
performance.
3.4 4 To ensure high reliability of the system.
1-4 5 It is determined as a competitive price in the market.
19
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3. THEORITICAL BACKGROUND INFORMATION
3.1  Shift register principle

The 74HC595 is a high-speed CMOS device that includes an eight-bit shift register and a

storage register. Its principle and pins operations are explained and shown in table 3.1.1 below.

Table 3.1.1. 74HC595 definition, principle and pins operations

Category Descriptions

Definition | The 74HC595 is a high-speed CMOS device that includes an eight-bit shift
register and a storage register.

Principle | - Shift Register Data Input: The eight-bit shift register accepts data from the
serial input (DS) on each positive transition of the shift register clock (SHCP).

- Reset Function: When the reset function is asserted low, all shift register

values are set to zero, independently of all clocks.

- Data Transfer to Output Register: Data from the serial shift register is
transferred to the output register with a rising pulse on the storage register
clock (STCP).

- Data Capture and Output Change: All registers capture data on the rising
edge and change output on the falling edge. If both clocks (SHCP and STCP)
are connected together, the input shift register is always one clock cycle ahead

of the output register.

Pins - Serial Input (DS): Accepts data to be shifted into the register.

Operations - Shift Register Clock (SHCP): Triggers data acceptance on its positive

transition.

- Reset Function (MR): Sets all shift register values to zero when asserted

low.

- Storage Register Clock (STCP): Transfers data to the output register with
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a rising pulse.

to present the stored data.

- Output Enable (E): When asserted low, activates the 3-state outputs Q0-Q7

The general layout and pins specifications of the used shift register in the project [9] is shown

in figure 3.1.2 below.

Figure 3.1.1. (a) 74HC595 layout, (b) 74HC595 pins specifications

(Top View) Pin Number | Pin Name Function
1 Q1 Parallel Data Output 1
Q1 10 16 Vce 2 Q2 Parallel Data Output 2
3 Q3 Parallel Data Output 3
Q2 |2 15 1QO0 4 Q4 Parallel Data Output 4
5 Q5 Parallel Data Output 5
Q3L 3 1l DS 6 Q6 Parallel Data Output 6
Q4 |a 13 CE 7 Q7 Parallel Data Output 7
8 GND Ground
Q5 5 12 | STCP 9 Q7s Serial Data Output
10 MR Master Reset Input
Q6L s 11|/ SHCP 1" SHCP Shift Register Clock Input
Q7 7 1o MR 12 STCP Storage Register Clock Input
] . 13 OE Output Enable Input
GND[_|s 9 Q78 14 DS Serial Data Input
15 Qo Parallel Data Output 0
S0-16 / TSSOP-16 16 Vee Supply Voltage
(@) (b)

As seen in table 3.1.1 above, each output can be chosen independently without affecting other

outputs. This principle makes decoder useful for the project purpose of choosing braille

modules and pins.
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3.2 Source/Sink transistor principle.

These transistors work only with DC type circuits [10]. A source transistor has a PNP
configuration that allows voltage to flow from the power supply to the load [10]. Most of the

source transistors amplify current using a Darlington configuration shown in figure 3.2.1 below.

Collector

Base

Emitter

Figure 3.2.1. NPN Darlington transistor [11]

The collector current equation is shown in equation 3.2.2 below.

Ic = (B1+ (B1xPB2)+B2)Ip (3.2.1)

Where I is the collector current of the second BJT transistor, I is the base current of the first

BJT transistor, and 3, and f3, are the gain of the first and second transistors, respectively.

As seen from equation 3.2.2, Darlington configuration can amplify the current so that it

reaches higher values.

On the other hand, sink transistors can sink the coming high current from the source transistor
[10]. They have an NPN configuration close to the ground which makes its noise rejection

better than the source one.

From the theoretical information above, it appears that source and sink transistors are useful
for high current operation. For this purpose, it will be useful to actuate inductive loads such as

coils or PCB coils.
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3.3 Biot Savart law

Biot Savart law is an equation of the produced magnetic field in a current carrying wire [12].

The magnetic flux density equation of current carrying coil is shown in (3.3.1) below.

g = oM (3.3.1)
2a

Where p, is the permeability of free space, N is the number of turns of the coil, I is the current

and a is the coil radius.

The generated magnetic field produces an electromagnetic force in the same direction.
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4, DESIGN
4.1 Braille Module

The system is composed of two main parts: Attachable braille modules and a driver system.

The braille module 3D model is shown in figure 4.1.1 below.

Figure 4.1.1. 3D model of the braille module designed in SOLIDWORKS.

It consists of an internal housing that contains the 6 braille pins, and an upper housing that
covers it. At the bottom, a PCB coil is attached to the mechanical parts through two screws.

Figure 4.1.2 below shows all the sub parts of braille module in an exploded view.

-

Figure 4.1.2. Exploded view of the braille module
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Table 4.1.1 below shows the bill of materials of the braille module.

Table 4.1.1. Braille module bill of materials

Part No Part Name
1 Upper mechanical housing
2 Lower mechanical housing
3 Shaft
4 Pins
5) PCB Caoil

Figure 4.1.3 below shows (a) the upper mechanical housing and (b) the internal housing upper

and front views.
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R 330 3.30 270
- [ | P
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1 o ¢
3
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®2'10 SECTION C-C 0.80
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(b)

Figure 4.1.3. Upper and front view of (a) upper mechanical housing, (b) internal housing
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4.2 Tablet Design

In figure 4.2.1 below, the design of the main tablet can be seen where we embedded the Braille

modules. The main design includes a 16MP IMX519 camera, 16 braille modules, a Rasppery

Pi 4B and a charging module connected to it. The tablet design consists of 4 different

interconnected layers.

Figure 4.2.1. Tablet design and sub parts

The first (bottom) layer is to protect and position the camera module.

The second layer is for protecting the driver card we produce.

that holds the system together.
The fourth layer, the top layer, is used for the Pi and the charging module.

On the third layer, it is necessary to position the braille modules and buttons, and the cover

Components

Upper Mechanical Housing

Pi Charger

Middle Mechanical Housing

PCB

Lower Mechanical Housing

Buttons
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7 Camera

8 Braille Module

The second part is the driver system contains 6 sub systems:

e Braille modules’ selection.

e Braille pins selection.

e Fuses for overcurrent protection.
e Bypass capacitors.

e Low pass filter

e Double diodes system. (Similar to H-bridge circuit used in motor drivers).

The controller used for this purpose is Raspberry Pi 4 with its two types of cameras.
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4.3  Subsystems Definition and Design

4.3.1 Attachable braille module

The attachable braille module components can be summarized in table 4.2.1.1 below.

Table 4.2.1.1. Attachable braille module components and subsystems

Components Quantity
Upper mechanical housing 1
Internal housing 1
PCB coil 1
Braille pins 6
2.1 mm screw connections 2

4.3.2 Driver system

The driver system components and subsystems can be summarized in table 4.2.2.1 below.

Table 4.2.2.1. Driver system components and subsystems

Sub system Components Quantity
74HC4514N 4-16 decoder 4
Braille module 0.1uF Bypass Capacitor 4
selection
ULN2803A Sink Transistor 4
74HC238 3-8 decoder 2
0.1uF Capacitor 2
29
5*;% M? J A project supported by TUBITAK 1002-A Quick Support Module

7914

V

TUBITAK



| Reading Support Device for the Visually Impaired

| Rev1.0 |

Braille pin selection | yLN2803A Sink Transistor 1
UDNZ2981A Source Transistor 1

Fuses 0.2 A glass fuse 6

Bypass capacitors 0.1uF (For shift registers) 6
1000 uF (For transistors) 6

Low pass filter 1004 resistor 1
0.1uF capacitor 1

Double diodes system BAV99 double diodes 22
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4.3.3 Electronics Design

The driver system is composed of 3 main parts:

e Braille modules selection: This part uses 2 shift registers with 8 output pins to power up
the selected 8 module. Then, the current is amplified using source transistor. For each 8
modules, 2 shift registers, 1 source and 1 sink transistors are used. The whole design has 16

modules. Figure 4.2.3.4 below shows the module selection electronic schematic.
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Figure 4.2.3.1. 8 braille modules control schematic

Shift registers are vital for converting serial data to parallel data accurately. They determine
module activation and allow for precise pin directionality. Using 8 dual diodes adds flexibility
for lifting and lowering pin conditions. The source transistor amplifies current, while the sink

transistor handles current sinking tasks. Together, they ensure smooth system operation.

For ICs protection, a fuse and a bypass capacitor were implemented.
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e Braille pins selection: Since each module has 6 pins, this part will use 2 shift registers with

6 output pins. Figure 4.2.3.5 below shows the pins selection electronic schematic.
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Figure 4.2.3.2. Pins selection schematic

Shift registers determine pin activation and allow for precise pin directionality. Using 6 dual
diodes adds flexibility for lifting and lowering pin conditions. The source transistor amplifies
current, while the sink transistor handles current sinking tasks. Together, they ensure smooth

system operation.

For ICs protection, a fuse and a bypass capacitor were implemented.
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e Braille module schematic: Custom braille module schematic is shown in figure 4.2.3.6

below.

All pins have one side connected to each other and to module activation section. The other sides

P1

P2

P3

Mil

B1
114 Ly L .
21101 Lo4 |8 P
3112 L1512 .
41102 Los L0 5
2|13 Le Ll o
6103 Logt2

Figure 4.2.3.3. Braille module schematic

are connected to 6 pins outputs succesively from P1 to P6.

e Raspberry Pi inputs: In total, there are 11 inputs of which 7 are related to shift registers

and 4 for the necessesary buttons to control the tablet.
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Figure 4.2.3.4. Raspberry Pi inputs
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- SER: Serial data is sent to this input.

- CLOCK: Shift register clock. The clock is common for all registers and a low pass filter is
added to its inputs for noise filtering.

- UP_DIR: It enables lifting direction of the modules and pins.

-  LOW_DIR: It enables lowering direction of the modules and pins.

- LATCH_MOD_1 8: It shows the output of the first 8 modules.

- LATCH_MOD_9 16: It shows the output of the second 8 modules.

- LATCH_PIN: It shows the output of the pins.

- Alow pass filter is added to the clock inputs to reduce noise, and for each inputs lies a pull
down resistor of 10k. Here in the figure they’re not seen since they were soldered directly

to the previous PCB design after fabrication.
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4.3.4 Software Design

b- Image preprocessing

The software part consists of two main sub-parts: Image preprocessing and Optical character

recognition.

Image preprocessing: First the taken image will be converted to gray image, then filtered
using a gaussian blur, after that CLAHE histogram equalization is used to increase the
images contrast. Binary thresholding is applied and opening morphological operation is
done to enlarge the edges. Finally, all contours are found and the maximum one is chosen.
The output is a mask image which is multiplied with the input to isolate the image from its
background. Then the algorithm will warp the image to flatten it. Line, word, and letters
segmentation is to be applied, and then each letter is fed to the OCR.

OCR: Each letter will be recognized using a trained CNN on distinct set of characters.

Up to now, a part of image preprocessing is complete which is until the isolation of the
image from the background. An image (a) with its output (b) is shown in figure 4.2.4.1
below.

More meaningful sentences will be created by sending LLM in order to reduce errors in

letter or word shifts in the texts obtained thanks to Tesseract.

Below is a step-by-step explanation of the code. You can access the titles of 6 different steps.

1. Installing Required Libraries and Models

2. Image Loading and Preprocessing

3. Finding Connected Components and Contour Processing

4. Calculating Square Side Lengths

5. Converting Strokes to Rectangles

6. Perspective Correction and OCR Process
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Step 1: Installing Required Libraries and Models

Objective: To prepare the necessary environment for image processing and OCR operations by

installing the necessary libraries.

import cv2

import numpy as np

import pytesseract

import math

import google.generativeail as genai

GOOGLE API KEY = 'AIzaSyDzryeKX9QgeRcR1flF5VdeoOVGnMjFiwo'
genai.configure (api key=GOOGLE API KEY)

for m in genai.list models () :
if 'generateContent' in m.supported generation methods:
print (m.name)

model=genai.GenerativeModel (

model name="gemini-1.5-pro-latest",

system instruction="You are a very good English teacher. You find the
missing parts of sentences and words in a paragraph and rewrite them. But
your most important priority is to keep the content unchanged, that is, you
need to use the same words and correct only the spelling errors.You should
not go into the definitions or summary of these words or sentences.")

Description:

e CV2, numpy, pytesseract, and math libraries are imported.
e The genai library is configured using the Google Generative Al API key.

e Get the list of available models and select a specific model (gemini-1.5-pro-latest).
Step 2: Image Loading and Preprocessing

Objective: To read the image, convert it to greyscale and perform the necessary morphological

operations.

image =
cv2.imread('C:/Users/ziya/Desktop/Smaille/Yazilim/open cv/ornek metin/2.jpg
")

forsquare = image

rgb = cv2.pyrDown (image)

small = cv2.cvtColor (rgb, cv2.COLOR BGR2GRAY)

kernel = np.ones((18, 2), np.uint8)

grad = cvZ2.morphologyEx (small, cv2.MORPH GRADIENT, kernel)
_, bw = cv2.threshold(grad, 0.0, 255.0, cv2.THRESH BINARY |
cv2.THRESH OTSU)
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Description:

e The image file is read and stored as image.
e image is converted to grey scale (small).
e The bw binary image is created by applying morphological gradient and thresholding

operations.
Step 3: Finding Connected Components and Contour Processing

Objective: To find the largest contour in the image and draw a polygonal contour around it.

kernel = cv2.getStructuringElement (cv2.MORPH RECT, (20, 1))
connected = cv2.morphologyEx (bw, cv2.MORPH CLOSE, kernel)

contours, hierarchy = cv2.findContours ((connected.copy()),
CVZ.RETR_EXTERNAL, CVZ.CHAIN_APPROX_NONE)
mask = np.zeros (bw.shape, dtype=np.uint8)

contours = sorted(contours, key=cv2.contourArea, reverse=True)
largest contour = contours([0]

epsilon = 0.03 * cv2.arcLength (largest contour, True)
approx = cv2.approxPolyDP (largest contour, epsilon, True)

cv2.drawContours (rgb, [approx], -1, (0, 255, 0), 2)
kernel = cv2.getStructuringElement (cv2.MORPH RECT, (20, 1))
connected = cv2.morphologyEx (bw, cv2.MORPH CLOSE, kernel)

contours, hierarchy = cv2.findContours ((connected.copy()),
CVZ.RETRiEXTERNAL, CVZ.CHAINiAPPRoxiNONE)
mask = np.zeros (bw.shape, dtype=np.uint8)

contours = sorted(contours, key=cv2.contourArea, reverse=True)
largest contour = contours[0]

epsilon = 0.03 * cv2Z.arcLength (largest contour, True)

approx = cv2.approxPolyDP (largest contour, epsilon, True)

cv2.drawContours (rgb, [approx], -1, (0, 255, 0), 2)
Description:

e Morphological closure is applied (connected).
e All outer contours are found and the largest contour (largest_contour) is selected.
e A polygonal approximation (approx) of the largest contour is calculated and drawn on the

image.
Step 4: Calculation of Square Edge Lengths

Objective: To calculate the side lengths of square or rectangle-like structures in the image.
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def side of square (forsquare) :
gray image = cv2.cvtColor (forsquare,
_, threshold image = cv2.threshold(gray image, O,
CV2.THRESH_BINARY_INV I CVZ.THRESH_OTSU)
contours, _ = cv2.findContours (threshold image,
.CHAIN APPROX SIMPLE)
kenar uzunluklari = []

cv2.COLOR BGR2ZGRAY)
255,

CV2.RETR_EXTERNAL,
cv2

for contour in contours:
X, y, w, h = cv2.boundingRect (contour)
cv2.rectangle (image, (x, y), (x + w, y + h), (O,
kenar uzunluklari.append (w)
kenar uzunluklari.append (h)
ortalama kenar uzunlugu = sum(kenar uzunluklari) /
len (kenar uzunluklari)
return ortalama kenar uzunlugu

expandPl =
Description:

int (side of square (forsquare))

e The image is converted to greyscale and a binary image is obtained.
e All outer contours are found and rectangular boundary boxes of each contour are drawn.

e The average edge length (expandPl) is determined by calculating the edge lengths.
Step 5: Converting Contours to Rectangles

Objective: To extend the contour in the form of a rectangle and draw a boundary around it.

def HullToRect (inputContour, imageHeight, imageWidth, expandPixel =
expandPl) :

maxDistance = math.sqgrt ((imageWidth) **2 + (imageHeight) **2)

refPoints = [ [0, 0], [imageWidth, 0], [imageWidth, imageHeight],
[0, imageHeight] ]

retbPoint = [[[0,0]], [[0,0]], [[0,0]], [[0,0]1]]

for i in range(4):

tempDistance = maxDistance

tempPoint = [0, O]

for point in inputContour:
Xp, yp = point[0]
X, y = refPoints[i]
distance = math.sqgrt((xp - x)**2 +
if (distance < tempDistance) :

(yp - y)**2)

tempPoint = [xp, yp]
tempDistance = distance
retPoint[i] [0] = tempPoint
retPoint [0] [0] [0] = retPoint[0][0][0] - expandPixel
retPoint [0] [0] [1] = retPoint[0][0][1l] - expandPixel
retPoint[1] [0][0] = retPoint[1l][0][0] expandPixel
retPoint[1] [0][1] = retPoint[1l][0][1] expandPixel
retPoint[2] [0] [0] = retPoint[2][0][0] expandPixel
retPoint[2] [0] [1] = retPoint[2][0][1] expandPixel
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retPoint [3][0] [0] = retPoint[3][0][0] - expandPixel
retPoint[3][0][1] = retPoint[3][0][1] + expandPixel
points = np.array([retPoint[0] [0], retPoint[1][0], retPoint[2][0],

retPoint [3]1[0]])
retPoint = np.array([points])

return retPoint
Description:

A rectangle is obtained using contour points and expanded by a certain number of pixels.

Expansion is done by calculating the distances of the contour points from the nearest reference

points.
Step 6: Perspective Correction and OCR Process

Objective: To correct the image in perspective and extract text using OCR.

hull = cv2.convexHull (approx)
hullToRect = HullToRect (hull, rgb.shape[0], rgb.shapell])

X, y, W, h = cv2.boundingRect (hullToRect)

cv2.rectangle (rgb, (x, y), (x + w, y + h), (255, 0, 0), 2)

dst pts = np.float32([[0, 0], [w, 0], [w, h]l, [0, h]]

pts = np.float32 ([hullToRect[0][0], hullToRect[0][1l], hullToRect[O0][2],
hullToRect[0] [3]1])

M = cv2.getPerspectiveTransform(pts, dst pts)
wrappedImage = cv2.warpPerspective (rgb, M, (w, h))

text = pytesseract.image to string(wrappedImage)

print (text)

with open("First Version.txt", "w") as dosya:
dosya.write (text)

response = model.generate content (text)
print (response.text)

with open ("Fixed Version.txt", "w") as dosya:
dosya.write (response.text)

Description:

e The convex hull is calculated from the contour points.

e The contours are converted to rectangles and the perspective correction matrix (M) is
created.

e The image is flattened with the warpPerspective function (wrappedimage).

e Text is extracted using OCR and written to the text variable.

e The extracted text is saved to the file and sent to the Google Generative Al model for

correction.
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e The corrected text is saved to the file.

When added as a visualisation of the processes described above, it will be as follows.
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Figure 4.3.4.1. Input image to output image
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c- Driver system control

The code is shown in figure 4.3.4.2 below
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1 9600009000,

|GP10. setmode(GPI0. BOH)

610, setwarnings (False)

GP10.setup( Latcheod 8, GP10.0UT)

GPI0. setup( Latcheod_16, GPIO.OUT)

9P10. setup( Latchpin, GPI0.0UT)

GP10. setup(spisode, GPI0.0UT)

G010, setup(clock, GPT0.0UT)

GPI0. setup(up_mad, GPIO.OUT)

SPI0. setup(Low_moo, GPI0,0UT)

SPI0.setup(start_pin, G910, IN, pull up_down=GP10. PUD_UP)
Soio-Setup(next_pin, ST0.IN, putl_up. down-0910. U0 iip)
P10, S6tup(previous pin, GOTO.IN, pull u downeGPIO Pty w)
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while k < len(segments):

first 8 = text_to_bytes[k][:8]
second 8 = text_to_bytes[k](8:]
zero_byte = to_bytes(1,

big*)

#A3d zeros to first 8

while len(first 8) < §: 1
Tirst_8.append(zero_byte) 1
#Add zeros to secon B

e len(secona 8) < 5:

$8cond_8. append(zero_byte)

WIOLe_16_Uine = [first s, second_s)

1 handie 8 = p1.xpt open(s, freque
b 3 ey, 8
SPARSINL = 91591 opens. rroquency. 1)

Taten_nods
try:

= (1ateraad 0, tatcroa 16) Kl
clear_modules(lateh mods(1]);
SPI0. cutput (spimoce, P10, W1cw)

T0r 1 in range(2).
Clear_modules,

Set_direction(1, up_sad, low mod)

X PrARK(*\nin\n®, segmentsik), “\nuninc)
(1ateh moas(1));
Clear_ping();

# I8¢ tep: s a11 sogy
1
* reset mooutes() =

Clear_overything(lateh moasq1))

(lateh,

send_data_o '%ads(1), modules(y), t);
T trnetionts, v mo, 1o time.sleep(1/froquency) 03). t),

18 & < \an(segemnts)

Clear_everything(latch mods[1])
time.sleep(0.6001)

print(ke1, "line nusber fintshed")

while True:
Af GPIO, input(next_pin) == GPIO.LOW:
broak

ir l'lo,inwl(prm_pln) == GPIO.LOW:
k=2

Pprint(k)

AT K >= lon(segments):
PEARE(" P4 o)
break

#reset_modules()

Figure 4.3.4.2. Driver system’s code

The code steps are shown below:
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e Take input from image as a string.

e Divide the string into segments where each has maximum number of words that can be
shown in one line (16 characters on the tablet).

e Convert characters in each segment to bytes.

e Loop through the segments.

e Wait for next OR previous buttons to decide wether to go to the next segment or previous

one.

e Then all modules are refreshed and the next or previous segment is shown.

Functions used here are to clear shift registers each time a new segment is displayed and sending

new data to be displayed.
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5. DESIGN VERIFICATION
5.1 Driver systems PCB design

Figure 5.1.1 below shows (a) the driver system PCB layout and PCB in real life tested with
LEDs.

(b)
Figure 5.1.1. (a) Driver system PCB layout, (b) Driver system PCB in real life
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5.2 Test plans

Several tests were done during the project period.. They are summarized in table 5.2.1 below.

Table 5.2.1. Braille tablet test plans

Test Explanation

Tests were applied to check connections, soldered components and

PCB Driver system whole PCB operation. Tests were succesful and the letters refresh

testing rates can be changed easily by code.

16 MP high quality | This camera was used due to its small size and high quality. It
camera testing features good focusing depth.

OCR testing The output from the camera was preprocessed and then interpreted
by pytesseract. Finally, an ollama model was used to correct

mistakes generated by pytesseract.

Entire system testing | All sub systems were integrated into one system to visualize the

correct outputs.
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6. WORKING SCHEDULE
The project working schedule can be found in table 6.1 below.
Table 6.1. Working schedule
Tasks Months
Task Description Responsible | 1 415(6]7]8
: : Marouane
Production of Braille Feedback System :
Ziya
) ) ) Marouane
Design and production of PCB coil )
Zlya
Creating a cell system compatible with the
Braille alphabet using the electromagnet- Marouane
magnet system Ziya
_ Marouane
Testing the cell system ]
Zlya
: : : Marouane
Mechanical Housing Production :
Ziya
Compact design in line with the needs of the | Marouane
project Ziya
Improvement of the device with feedback Marouane
and tests Ziya
: : Marouane
Image processing and OCR algorithm :
Ziya
o ) ) Marouane
Applying image processing techniques )
Zlya
Developing a suitable OCR using CNN Marouane
algorithm for text detection and recognition Ziya
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1. BUDGET

7.1 Materials’ List

The material list s

chedule can be found in table 8.1 within appendices section.

7.2  External Support Application

The project proposal to “TUBITAK 1002-A: Hizh Destek Modiil” was applied in July of this

year and got accepted. Figure 7.2.1 below shows the letter of acceptance to this module.

v

TUBITAK

T.C.
TURKIYE BILIMSEL VE TEKNOLOJIK ARASTIRMA KURUMU BASKANLIGI
Aragtirma Destek Programlarn Bagkanhidi

Konu . I umaral Proje Karar Yazisi

Sayin Dr. Ogr. Uyesi Onurcan SAHIN

"1002-A Hizli Destek ModUlG" kapsaminda Kurumumuza sunulan 123E349 numarali ve "Gorme Engelliler Igin Okuma
Destek Cihazi® baglikli projenize iligkin bilimsel degerlendirme slreci tamamlanmigtir.

Konunun uzmani danigmanlar tarafindan yapilan degerlendirmeler sonucunda proje énerinize destek veriimesine karar
verildigini bildirmekten memnuniyet duyarim (*).

Desteklenmesine karar verilen proje dnerinizin ilgili mevzuat gergevesinde, mali ve benzeri konularda degerlendirme
galismalanina baglanmigtir. Sure¢ tamamlandiginda projelere ait sézlegme ve diger belgeler imzalanmak Gzere tarafiniza
gonderilecektir.

Basannizi tebrik eder, saygilar sunanm

Altud GiL
Elektrik, Elektronik ve Enformatik Aragtirma Destek Grubu
Grup Koordinatéri

PUAN SEVIYESI: B

A:Coklyi  B:lyi C:Orta D: lyi Degil E: Yetersiz F: Ozglin Degeri Yetersiz

Panel puani A ve B seviyesinde olan projeler desteklenmigtir.

* Bir kigl kariyer haysb boyunca 1002-A Hazli Destek ModGll ve 1002-8 Act Destek ModUll kapsamnds topiamda en fazis beg kez proje yUritic(sd olarak gorev alanir.

7914

Figure 7.2.1. Project proposal acceptance letter
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APPENDICES
Table 8.1. Materials’ list and cost
Component Unitcost | No Total cost
UDNZ2981A (Darlington Source Driver) (18 legs) 65,00 6 390,00
74LS00 (NOT gates 14 legs) 6,52 20 130,40
CD4071 (OR gates 14 legs) 10,87 20 217,40
BAV99 SMD (Diode) 0,50 500 250,00
74HC238 (8 output decoder) (16 legs) 11,00 10 110,00
74HC4514 Noninverting decoder (16'li demux) Dip 24 84,96 10 849,6
ULN2803 (Sink transistor) (18 legs) 10,00 17 170,00
40 Pin (2x40) 7.1mm 1.27mm Erkek-Erkek header 5,00 20 170,00
2x40 1.27mm Internal header 6,00 15 90,00
Flexible Piezo Film Vibration Sensor Gravity 267,00 1 267,00
Gravity Analog Piezo Vibration Sensor Module 175,00 1 175,00
LM2576T (Voltage regulator) 19,45 5 97,25
6 DIP socket 0,38 100 38,00
8 DIP socket 0,45 100 45,00
14 DIP socket 1,10 100 110,00
16 DIP socket 0,80 100 80,00
18 DIP socket 0,90 100 90,00
20 DIP socket 1,12 50 56,00
24 DIP socket 1,20 10 12,00
24 DIP socket Wide size 1,20 50 60,00
28 DIP socket small size 1,40 50 70,00
28 DIP socket Wide size 1,40 50 70,00
Capacitor (0,1uF) (Bypass) 0,67 50 33,50
40 Pin (1x40) 7.2mm 1.27mm Erkek-Erkek header 2,12 10 21,20
1nF 63V capacitor 1,09 50 54,50
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10nf 63V capacitor 1,09 50 54,50
Power jack plug 1,96 10 19,60
100nf 63V capacitor 1,03 50 51,50
Resistors' packet 583,35 1 583,35
Resistor fuse set (100 piece) 58,92 1 58,92
Resistor fuse slot 2,80 20 56,00
Switch 8x8mm 2,80 10 28,00
DC12 2P lightless ON/OFF switch 2cm 4,48 10 44,80
6 Pin piano DIP switch 6,36 10 63,60
Capacitor set 350,00 1 350,00
Jetson Nano 10224,30 1 10224,30
Camera 642,16 1 642,16
PLA 524,00 1 524,00
Raspberry Pi 6mm wide angle lens 772,40 1 772,40
Portre M12 Lens - 12MP (8mm, 1/1.7") 889,86 1 889,86
Raspberry Pi Camera 3 Noir 965,50 1 965,50
Raspberry Pi 16mm Telephoto Lens 1517,21 1 1517,21
Telephoto M12 Lens - 5MP (12mm, 1/2") 519,09 1 519,09
Raspberry Pi Global Shutter Camera 1655,14 1 1655,14
Wide Angle M12 Lens - 15 MP (2,7mm, 1/2.3") 889,86 1 889,86
Raspberry Pi Zero 2W 949,18 2 1898,36
Raspberry Pi 5 - 4GB 1928,03 1 1928,03
Raspberry Pi HQ Camera - M12 Mounted 1655,14 1 1655,14
Total cost 29048,17
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