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Part 1: Project Plan

Components

Item # Description Qty
1 Raspberry Pi 4B 1
2 Solenoids 6
3 ESP32 Camera Board 1
4 0V2640 160 degree camera 1
5 ATTiny1614 1
6 Female pin headers 6 pack SMD 3
7 10uF capacitor SMD 1
8 330 ohm resistor SMD 1
9 LED SMD 1
10 Prusa Filament 0.7 spools
11 PCB Copper Plate 1
12 Solder 1/2 spool
13 MOSFET Trigger Drive Module 6
RPi Screen (optional for
14 debugging) 1

Equipment Used

3D Printing

1. Printers
a. Bambu Lab X1 Carbon 3D Printer
b. Prusa Mini 3D Printer

2. Software
a. SOLIDWORKS
b. Fusion 360
c. PrusaSlicer



Laser Cutting
1. Lasers
a. Fusion Pro Epilog Laser Cutter
b. Fusion M2 Epilog Laser Cutter
2. Software
a. CorelDraw
b. Epilog Engraver

Electronics
1. Machinery
a. Soldering
b. Othermill Pro Desktop CNC
c. Bantam Tools Desktop CNC Milling Machine

2. Software
a. KiCAD
b. Eagle

c. Bantam Tools Desktop Milling Software
Microprocessors
1. Hardware
a. ATTinyl614
b. ATTiny412
c. Seeed Xiao RP2040
d. ESP32CAM
e. Raspberry Pi Pico W
f. Raspberry Pi 4B
2. Software
a. Arduino
b. Atmel Studio
c. EDBG
d. Thonny

Processing
1. OpenCV/PyTesseract
GPT40
Cyberchef
Base64
Braille mapping

o VA wWwN

TX/RX serial communication



7. WebSockets
8. HTTP servers

Timeline

Project Timeline

Brainstorming

Material Procurement

PCB CAD

ATTiny1614 Programming

ESP32CAM OCR

System Integration

WebSocket Communicatio

Budget

Total project budget:

Device Production Cost
Iterative failing

Materials

Board production

Development and test

$125.00 Bill of Materials

$200.00 Personal experience with fabrication, failed boards and circuits
with initial prototype. Failures are documented in the full
documentation site,
Octopart pricing of tactile switches, ATTiny1614s, new
solenoids plus the cost of buying and experimenting with
low-cost integrated speakers and microphones

$200.00 Each PLA Prusament roll is $25, and each set of blank copper
plates are around $15. 1 Prusament roll can print around 2
iterations of the main solenoid case.

$225.00 Variable costs to send out a schematic and produce the board.
In my experience, prices are around $28.40 per 5 boards
produced, without taking shipping or handling costs into
account.

$600.00 Product development and QA



station

Software licensing $5,924.00 SOLIDWORKS, CorelDraw, Fusion360, Bantam Tools, Eagle,
Silhouette
APls $300.00 Access to large language/vision models as well as other Al tools

for processing and/or high performance computing
Total $7,574.00 Sum of all projected costs

Device Bill of Materials (BOM):

Item # Description Vendor Qty Cost Link
1 Raspberry Pi 4B Raspberry Pi 1 $35.00 Raspberry Pi
2 Solenoids AliExpress 6 $11.10 AliExpress
3 ESP32 Camera Board AliExpress 1 $3.55 Amazon
4 0V2640 160 degree camera AliExpress 1 $1.98 AliExpress
5 ATTiny1614 From Lab 1 $0.90 From Lab
6 Female pin headers 6 pack SMD From Lab 3 $0.59 From Lab
7 10uF capacitor SMD From Lab 1 $0.04 From Lab
8 330 ohm resistor SMD From Lab 1 $0.01 From Lab
9 LED SMD From Lab 1 $0.01 From Lab
10 Prusa Filament From Lab 0.7 spools $18.99 From Lab
11 PCB Copper Plate From Lab 1 $0.70 From Lab
12 Solder From Lab 1/2 spool $2.50 From Lab
13 MOSFET Trigger Drive Module From Lab 6 $1.99 From Lab
14 RPi Screen (optional for debugging)  Amazon 1 $28.99 Amazon
Total Cost $77.36
Total w/ Screen $106.35

Part 2: Maker Report

Inspiration

Imagine a classroom where children are handed their week’s lessons in colorful, animated,
digital textbooks. But one child, sitting quietly in the corner, can’t join the adventure because
their world doesn’t translate the vibrant graphics and the flowing text into something they can


https://www.raspberrypi.com/products/raspberry-pi-4-model-b/
https://www.aliexpress.us/item/3256803212501922.html?src=google&aff_fcid=39ee851b825b4a63ba1ea4f9a8c3cbc9-1713198899712-09032-UneMJZVf&aff_fsk=UneMJZVf&aff_platform=aaf&sk=UneMJZVf&aff_trace_key=39ee851b825b4a63ba1ea4f9a8c3cbc9-1713198899712-09032-UneMJZVf&terminal_id=9739fb39f53b4f23b1988528dfc86d28&afSmartRedirect=y&gatewayAdapt=glo2usa
https://www.amazon.com/Solenoid-Electromagnet-Linear-Actuator-Magnet/dp/B0B4DFJTHX
https://www.aliexpress.us/item/3256802622651303.html?spm=a2g0o.detail.pcDetailTopMoreOtherSeller.1.4e9aJkCOJkCOZZ&gps-id=pcDetailTopMoreOtherSeller&scm=1007.40050.354490.0&scm_id=1007.40050.354490.0&scm-url=1007.40050.354490.0&pvid=c6427a82-9a47-4aa5-9dc2-313f4a3cd164&_t=gps-id:pcDetailTopMoreOtherSeller,scm-url:1007.40050.354490.0,pvid:c6427a82-9a47-4aa5-9dc2-313f4a3cd164,tpp_buckets:668%232846%238109%231935&pdp_npi=4%40dis%21USD%217.62%210.49%21%21%217.62%210.49%21%402103273e17113701605235183e8e23%2112000025502662820%21rec%21US%21%21AB&utparam-url=scene%3ApcDetailTopMoreOtherSeller%7Cquery_from%3A
https://www.amazon.com/Elecrow-800x480-Interface-Supports-Raspberry/dp/B013JECYF2

perceive. That scene of exclusion is unacceptable: that as technology races ahead, it leaves
some of our most vulnerable children behind. This project is my answer to that inequity.

At its core, my work seeks to transform the way we think about accessibility for the blind. Braille
has long been the gateway to literacy and knowledge for blind individuals. Yet, in an era where
information is predominantly digital, Braille content lags far behind. Blind children, who should
be empowered to learn and grow alongside their sighted peers, face barriers in accessing the
very knowledge that defines our age. How can they dream of becoming scientists, artists, or
leaders if they are denied the tools to even begin their journey?

This project is about creating a bridge — a bridge between the fast-evolving digital world and the
tactile universe of Braille. By integrating advanced technologies with my own passion for digital
fabrication and the maker movement, my goal is to open the floodgates of digital content for
blind children. Scene-to-Braille translation isn’t just about converting text; it’s about interpreting
images, diagrams, and even complex visual narratives into something tangible, something a
child can touch and understand. Imagine a child running their fingers across a Braille tablet and
being able to “see” a map, follow the diagram of a chemical reaction, or read a comic strip.
That’s the dream I’'m chasing.

However, the current landscape of accessibility devices poses significant challenges. Many
existing products that aim to serve blind individuals are prohibitively expensive, poorly
designed, and ultimately inaccessible to the very people they are meant to help. Braille displays,
for instance, can cost thousands of dollars, making them unattainable for most families and
schools. Worse, some devices are unreliable, prone to breakdowns, and fail to meet the
practical needs of users. This combination of high cost and poor functionality creates a barrier
that keeps blind children from accessing the tools they need to thrive in a digital world.
Addressing these issues is at the heart of my project. By focusing on affordability, durability, and
user-centered design, | aim to create solutions that truly serve the blind community.

My journey is also deeply personal. | have met individuals whose brilliance and determination
inspired me to think beyond the confines of my own experiences. Blind students I've
encountered have shared their struggles in accessing knowledge, their frustration at being
excluded, and their hunger to learn. They aren’t asking for charity; they’re demanding equity.

This project is a call to action to ensure that the digital revolution does not become a revolution
for the few. By translating knowledge into Braille accessibility, we are not only giving blind
children access to information; we are giving them the tools to dream, to aspire, and to achieve.
We are telling them that their voices matter, that their dreams are valid, and that they belong in
this digital age as much as anyone else.



Final Product

"
Hello world

Video: https://youtu.be/jd_MYul32nY

Development

Overview

Brailliant is a device that can translate text and visual input into Braille. By using advanced OCR
and Al technology, Brailliant is able to scan any picture with its camera and produce either a
Braille description or a Braille conversion of text. Braille is displayed on my custom 3x2 solenoid
array, which functions as a set of pins that can be raised and lowered by a ATTiny1614
microcontroller to represent Braille characters. The camera wirelessly transmits data to a central
processor through a WebSocket, which performs computation for optical character recognition
(OCR) and scene to braille descriptions. That text data is then serially streamed via TX/RX to the
custom ATTiny1614 circuit board, which toggles the braille display pins in specific patterns via
MOSFETs. Brailliant is a first-of-a-kind innovation that allows for live-time conversion of any text
and any scene into braille, which has already received tremendously positive feedback in its
mission to increase accessibility to digital and visual content for blind and low-vision individuals.


https://youtu.be/jd_MYu132nY

Brainstorming Process

Initial Thoughts

My idea was to design a text to braille converter, which a blind person could use by moving the
device over a page of text to convert it into braille. The braille translation of the English text
would then be represented via a series of up/down pins which the user could use to interpret
the information. The device was to be a rectangular box that would use an internal camera to
interpret and OCR text, which could then be translated into braille and displayed via a series of
servo motors pushing up metal rods on the top of the box. The pins would be in groups of six,
each group representing a single braille character.

However, | talked to a colleague who had thought of a similar mechanism for his initial final
project. He originally planned to create a dynamic clock to display the time using blocks of wood
that could be pushed out or pulled back via servos. However, when building his project, he
realized that fitting so many servos into such a small space was completely unfeasible and
warned me from doing the same. My initial design is shown in the following image:

i eco contrller

| then decided to use electromagnet solenoids for my pins, instead of a servo. The pins
themselves would be a small magnetic rod sitting on top of an electromagnet. The small
electromagnet could be powered on and off via a microcontroller. When the electromagnet was
off, the pin would simply rest on top of the electromagnet, and the pin would be flush against
the top of the board, forming the down position of the pin. If the pin needed to pop up, the
microcontroller would power the electromagnet which would then emit a repelling magnetic
charge. That magnetic force would then repel the pin slightly upwards, forming the up position



of the pin. To represent a braille character, the microcontroller would push the specific pins into
the up position that together would form the 6-dot pattern of the character.

| also decided to move the camera out of the box. That would allow for more simple wiring and
internal organization of the box, and allow the operator to more easily use the device. Moving

the camera out means that the user would only need to move a small camera container across
the page of text, instead of dragging the entire device. Here is my modified design:

e lec.'t fo mg na‘#: i cro controller
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Significant Changes

Although a large part of my project remains the same, I've changed some aspects of my project.
Namely, I've decided to use a Raspberry Pi as a central controller and connect it to 5 separate
ATTiny412 chips, which will each be responsible for controlling 6 electromagnets to represent 1
braille character. Each ATTiny412 and 6 electromagnet setup will be on its own PCB, and receive
data from the controlling Raspberry Pi. Additionally, | decided to create an elevated case for the
ESP32 camera so that the image would have a better angle and thus an easier time being
processed for OCR, and so that more light could come into the camera lens from the
unobstructed sides. Lastly, | decided | wanted to wirelessly transmit data from the ESP32 camera
to the Raspberry Pi for processing. | worked with both serial communication and WiFi
connectivity previously so | hope to sum it all together and wirelessly transmit data between
these two controllers.

Here is an updated system diagram which maps out all the parts of my project.
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Further Changes

However, after doing research, | realized that having 30 solenoids would be unfeasible. Instead, |
decided to scale my project down to just having 6 solenoids, as this would still accomplish the
mission of displaying braille for a reader. | would then flash each braille character for 1 second
on the 6 solenoid array. This change allows me to worry less about power budget and ensures
that | have a ready final project on my presentation date. To accomplish this without needing
multiple chips, | decided to use the ATTiny1614 microprocessor, as the ATTiny412 unfortunately
does not have enough pinouts for my purpose.

Braille Box CAD

Initial Design

| decided to first model my design in Fusion360, as | had prior experience working with Fusion
and was pretty comfortable using it. When | started out with Autodesk Fusion, Kevin Kennedy's
Fusion tutorials were a massive help.

10


https://www.youtube.com/playlist?list=PLrZ2zKOtC_-C4rWfapgngoe9o2-ng8ZBr

| first started off with a rectangular prism to act as the main body of the design.

Next, | filleted the box to round out the edges.

© EDIT FEATURE

Placement “

Length
Width

Height

Operation

Ho

100.00 mm
300.00 mm
50.00 mm

[J New Body

OK

| then created a sketch on the top of the box, where | created six circles. These 6 circles
represent the holes where | will put metal pins into that can pop up and down depending on

what needs to be represented.

R

Cancel

11




| extruded the circles downward as holes. This creates the actual space where the pins will be
placed.

Finally, | used the pattern feature to repeat the sketch and extrusion across the top of the box.
This created a total of 5 evenly spaced sets of 6 pins. With each set of 6 pins representing a
single braille character, one iteration of pin setups can represent five letters.

12



Improved Design

As | had made my initial design early on in Fab Academy, it did not reflect the changes | had
made to my final project, most notably scaling down the amount of solenoids from 5 arrays of
3x2 to one 3x2 array. Additionally, when | made the original design, | didn't think much about
how | would power the solenoid array and thus didn't include any spots for batteries. | also
wanted to make the holes for the solenoids on a separate press-fit cover on top of the main
box. Finally, the original design doesn't include any internal parts to hold the solenoids in place.

For my new design, | want to make the following key changes:

3x2 solenoid array
Internal beams to support solenoids
Battery pack holders

Press-fit cover

Additionally, | want the box to look as nice as possible and ideally have all wiring contained
within it.

| first started out by creating the shell of the box. | hollowed out the innards because | want my
electronics to be inside. | will end up adhering my PCB to the side of the box and having my
MOSFET breakouts on the bottom of the hollowed inside.

13



| then started working on the top cover. | started out with creating a sketch where all my holes
would be, and an offset on the edges to match the shell. | then extruded the sketch to create
the cover with holes that the solenoids will fill.

Based on my previous sketch offset for the edges of the shell box, | created quarter-circles and
extruded them to form the press-fit lid.

14



Next, | designed the beams that hold the solenoids in place. | started by creating a sketch on the
bottom of the shell box and extruded that to my desired height. | then created a sketch on the
extruded rectangular prism to remove the bottom part of it and form it into a beam-like shape.

10

| then started work on the battery holders. | created the bottom of the battery holder then
extruded out the sides.

15



Next, | created the dividers to firmly hold each battery pack in place. Each divided section has
the same length and width dimensions as the actual battery pack that | will use, plus a little for
tolerance.

S98°0
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| then added a small hole on the side for the power, ground, and TX/RX cables for the
ATTinyl1614.

Next, | extruded a small hole as a slot for the wires on the external battery packs to route into
the main shell box, where it will be connected to the MOSFETs controlling the solenoids.

Finally, | added fillets. Here is the final box design.

17



Raspberry Pi Box CAD

| first started off with a shelled box.

18



| then added a lid, with a hole the same size as my 5 inch touchscreen where | would attach the
screen.

Next, | added screw holes on the lid. These screw holes allowed me to secure the screen to the
3D printed lid. Unfortunately, my screw holes actually ended up being a little small so | had to
enlarge them after the print with the help of a soldering iron.

| added legs to the lid to allow it to press-fit into the base.

19



Then, | added holes for wires on the front and side of the Pi case.

Finally, | added fillets all around.

20



After printing that initial iteration, the screen fit and there was enough space inside to fit the
Raspberry Pi. However, some of my cables didn't fit as they had long "necks" that had to remain

straight. As such, | would have to significantly bend the HDMI and USB cords for the Raspberry
Pi.

21



As such, | adjusted the length of the box to give space for the USB cable necks. | also slightly
decreased the height of the holes for the USB cables as they were larger than necessary and
somewhat an eyesore. Here is the finalized processor case design:

Electronics

Electronics were by far the worst part of this project, at least for me. The main issue was that |
didn't understand transistors very well, and | ran into a bunch of problems with them. The two
main problems | ran into were transistors not being able to handle the power and transistors
having inconsistent pinouts and being backwards or jumbled around.

In this section, I'll go through a few of the boards that didn't work then show my final board.

This was my initial board design. | tested this board by plugging a solenoid into the top pin, and
the resulting lack of transistor is visible. The transistor heated up after around 5 seconds and fell
off the board, without powering the solenoid.

22



This is my second iteration. | added what | thought were pull down resistors hidden under the
left-hand side white female pin headers (they did not, in fact, function as pull down resistors)
and a power indicator LED. Unfortunately, | forgot the capacitor, but that would not have
affected this board's outcome of failure. When creating this board, | also ran into major issues
with the ATTiny1614, which stuck me for a couple hours. Apparently, some of the ATTiny1614
chips in our lab just didn't work, so | needed to get the ATTiny1614s out of a specific drawer
because those chips had a small dot indentation on one side. Only the chips with the dot
indentation seemed to work well, in my experience. Upon testing, the transistor got really hot
and | unplugged it before it melted off.

23



In an attempt to simplify the amount of things that could cause the issue, | scaled down to one
transistor, which in turn melted off.

24
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At this point, | created an ATTiny1614 board for testing and debugging.

| created another board with a pull down and headers to plug into external transistors.
hope was that this would allow me to test transistors without melting pads and traces.

The

26



At this point, | was fairly certain the transistor had a problem with handling power. | switched to
a board which had a different transistor that | previously made. | had made this board to handle
5V, so | was pretty confused when it failed to power my 5V solenoids. Unfortunately, this board
also failed, in retrospect likely because the solenoids pulled too many amps.

—

| then decided to switch to a through hole MOSFET. This board also failed, which I'm pretty
confused about but will explain in the next paragraph.

After all these boards failed, | found MOSFET drive modules in the Lab. These modules have six
key inputs: VIN+, VIN-, VOUT+, VOUT-, TRIG, and GND. | ended up connecting the VIN+ and VIN-
to the positive and ground terminals on the power input device (battery packs), the VOUT+ and
VOUT- to the positive and ground of the load output device (solenoid), the TRIG pin to a GPIO

27



on my ATTiny1614 board that would toggle the solenoid on and off, and the GND to ground. The
architecture of the drive module (which worked) was really similar to some of my MOSFET
attempts, so | am still a little unsure why this board worked when my own didn't. The only
major discrepancy that | noticed was that this board had 2 transistors.

Now that | decided to use the MOSFET breakout boards to toggle the solenoids, the MOSFETs
are external to the main board and | am able to create a ATTiny1614 control board without
transistors on it. My final board has headers for its power, ground, and data; a power indicator
LED; a capacitor; pins for TX/RX serial communication with the Raspberry Pi, which will send
text to be displayed as braille; 6 headers each corresponding to a GPIO pin on the ATTiny1614
which in turn, corresponds to controlling a single solenoid in the 3x2 array; and 6 headers for
GND that will each connect to 1 MOSFET. Here is the schematic design for my final board:

1

| ||ri upcliE

2
ground

ATTIrfy Nesedd

28



ESP32CAM Wireless Transmission

WebSocket connections are initiated through HTTP protocol, using an upgrade request from
HTTP to WebSocket. This begins with a client sending a standard HTTP request that includes an
"Upgrade: websocket" header and a "Connection: Upgrade" header to the server. The server
then responds with an HTTP 101 status code, indicating that the protocol will change, thus
establishing the WebSocket connection.

WebSocket, uses IP addresses to facilitate the initial connection before upgrading to the
WebSocket protocol. Once the WebSocket connection is established, the IP addresses are used
to maintain the connection over which data frames can be reliably transmitted back and forth.

Once the WebSocket connection is established, data is transmitted in framed messages through
backend data transmission ports, where each frame consists of an opcode to indicate the type
of data being transmitted (e.g., text, binary, continuation frame, or control frames like close,
ping, or pong). This structure allows the WebSocket protocol to be extremely versatile and
efficient in handling different types of data seamlessly. The frames are small and allow for very
efficient data transmission.

The following program is uploaded onto the ESP32 CAM Board through Arduino IDE. This
program requires a lot of libraries and dependencies, which | individually downloaded from
Github. This program is based off of the CameraWebServer example program from ESP32.

N.B.: As | have developed numerous programs for this project, all of which happen to be
pretty long, | have opted to place the full programs in the Appendices. Each of my programs
that | reference will have an appendix section.

Full code in Appendix A

The program shown in Appendix A connects the ESP32CAM to a local WiFi network. It then sets
up and initializes the camera, and sets up the local IP connection. It then continuously waits for
a web socket connection. When a connection is created, it prints the IP address of the
connecting device. If the device sends an input of "capture", the camera will take a picture and
send it via the network web socket connection to the connecting Raspberry Pi.

29




Camera Feed OCR

| had already set up infrastructure to wirelessly transmit a command to capture an image from a
Raspberry Pi to the ESP32CAM, along with sending the image data back over the network and
saving it. | had created a WebSocket server to accept commands and then send the image data
over HTTP back to the Raspberry Pi.

WebSocket connections are initiated through HTTP protocol, using an upgrade request from
HTTP to WebSocket. This begins with a client sending a standard HTTP request that includes an
"Upgrade: websocket" header and a "Connection: Upgrade" header to the server. The server
then responds with an HTTP 101 status code, indicating that the protocol will change, thus
establishing the WebSocket connection.

WebSocket, uses IP addresses to facilitate the initial connection before upgrading to the
WebSocket protocol. Once the WebSocket connection is established, the IP addresses are used
to maintain the connection over which data frames can be reliably transmitted back and forth.

Once the WebSocket connection is established, data is transmitted in framed messages through
backend data transmission ports, where each frame consists of an opcode to indicate the type
of data being transmitted (e.g., text, binary, continuation frame, or control frames like close,
ping, or pong). This structure allows the WebSocket protocol to be extremely versatile and
efficient in handling different types of data seamlessly. The frames are small and allow for very
efficient data transmission.

Now, however, | realized that | could fetch the image without needing a WebSocket handler by
connecting to the ESP32CAM's capture image handler directly. The capture handler from the
default CameraWebServer example project sets up a port that allows a direct download to what
is currently on the camera feed.

Full code in Appendix B

| then set up the Raspberry Pi to receive an image from the ESP32CAM and perform OCR upon
it.

First, | created a directory to store this project.

cd Desktop
mkdir ocr
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Upon entering the new directory, | need to create a virtual environment to install the libraries |
will be using for OCR.

python -m venv /virtual

However, running this command gave me an error.

Error: [Errno13] Permission denied: '/virtual'

For some reason, this command didn't have the permissions to create a new virtual
environment, which was strange considering that the project directory was not protected in any
way. Regardless, | attached the sudo prefix and successfully created the virtual environment.

sudo python -m venv /virtual

| then entered the virtual environment by activating it.

source bin/activate

The bin/activate is a relative path and would activate the venv as long as | am in the "ocr" folder.

However, the venv could also be activated by supplying the absolute path of
"~/home/richard/Desktop/ocr/bin/activate".

PyTesseract

After activating the virtual environment, | can install all of my library dependencies.

sudo pip install pytesseract
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sudo pip install opencv-python

| then created the actual program that the Raspberry Pi would run.

This script has the Raspberry Pi connect to the /capture handler of the ESP32CAM interface,
which directly returns a capture of the current feed. It then decodes the image and parses it
into the pytesseract OCR function. The PSM value of 6 tells the OCR model to scan the image for
a single text block and extract text from that. A full list of PSM value options can be found by
running tesseract --help-psm in the terminal.

0 Orientation and script detection (OSD) only.

1 Automatic page segmentation with OSD.

2 Automatic page segmentation, but no OSD, or OCR. (not implemented)
3 Fully automatic page segmentation, but no OSD. (Default)

4 Assume a single column of text of variable sizes.

5 Assume a single uniform block of vertically aligned text.

6 Assume a single uniform block of text.

7 Treat the image as a single text line.

8 Treat the image as a single word.

9 Treat the image as a single word in a circle.

10 Treat the image as a single character.

11 Sparse text. Find as much text as possible in no particular order.
12 Sparse text with OSD.

13 Raw line. Treat the image as a single text line, bypassing hacks that are Tesseract-specific.
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In my case, since | want the model to scan an image to find the line of text for "Hello World!", |
will use psm-7.

Here is a photo of my Raspberry Pi setup.

X

The ESP32CAM is pointed towards a paper with the words "Hello World!". In the right side of
the picture, the Raspberry Pi which is running the code is visible along with the display. Upon
running the program on the Pi's terminal, the ESP32CAM takes a picture and transmits it to the
Pi, which then uses tesseract to perform OCR on it and prints out the extracted text.

Code

Full code in Appendix C
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GPT4o0

At this point, | wanted to try to use as little computational power as possible, and thus decided
to switch to processing my image in base64. Although switching to base64 ultimately failed to
scale down the computing enough to run on a microcontroller, it still led me in an interesting
direction: that | could use GPT40's new multimodal capabilities as an OCR engine to extract text
from the base64 image. GPT4o in general is much more accurate in OCR than pytesseract,
hence the switch.

To do this, | first created a new handler on the ESP32CAM that would have it return a base64
string of a capture of the camera feed when that handler is called.

Full code in Appendix D

A baseb64 string containing the data of a single frame captured by the ESP32CAM looks
something like this:

/9i/4AAQSkZIRgABAQEAAAAAAAD/2wBDAAOHCAkIBgoJCAKLCWoMDxkQDw40ODx8W FxIZJCAmJiQglyloLToxKCs2KyljMkQzNjsO9QEFAJzBHTEY/Szo/QD7/2wBDAQsLCW8NDX0QEBO+KSMpPj4+Pj4+Pj4+Pj4+P
j4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj4+Pj7/xAAfAAABBQEBAQEBAQAAAAAAAAAAAQIDBAUGBWgEICgv/xACIEAACAQMDAgQDBQUEBAAAAXOBAgMABBEFEIEXQQYTUWEHINEUMoGRoQgjQrH
BFVLR8CQzYnKCCQoWFxgZGiUmlygpKjQ1Njc4OTpDREVGROhISINUVVZXWFlaY2RIZmdoaWpzdHV2d3h5e00EhYaHilmKkpOUIZaXmJmaogOkpaangKmasrOOtba3uLm6ewsPExcbHyMnKOtPU1dbX2Nnadel|
50Xm5+jp6vHy8/T19vf4+fr/xAAfAQADAQEBAQEBAQEBAAAAAAAAAQIDBAUGBWgEICgv/xACIEQACAQIEBAMEBWUEBAABANCAAQIDEQQFITEGEKFRB2FxEylygQgUQpGhscE)IZNS8BVictEKFiIQO4SXXFxgZGiY
nKCkgNTY30Dk6QORFRkdISUpTVFVWV1hZWmNkZWZnaGlgc3R1dnd4eXqCg4SFhoeliYqSk5SVIpeYmZqio6SIpgeoqaqys7S1tre4ubrCw8TFxsflycrSO09TV1tfY2drid+TISufo6ery8/T19vf4+fr/wAARCADWAUAD
ASEAAhEBAXEB/90ADAMBAAIRAXEAPWDF8mMMfwCk8iP8AuD8aHYzshPJi/wCeaOvlJ02Ci49AEMX/ADzWnGKL/nmIGAWFMUZ/gWk+zxf3BQtCbDvKj/55rSe TH/cWkXy6C+VH/cWk8qP+4tOw+UZ5Uf8AzzWjy4
s/6paGTbUAkXaNaXyo/wDnmtlulxdkf/PMUwxR5+4KdhWGNHH/AHBUZjT+4KVhgqBGY1z0FRtGvI0U7ILEYjTHKioCqf3aASRhCf3RUWWZ6UCY3yx2FNKDOFJ2HZETIOajYZ5p+YWGkU3C550t1DzEKik2iqC5Gdt
MOKnNCcLCU3vVIAxxRtFPoSeinrTTmi5ImDSiluhhRS2AfSODAIIplYmKKYDSvekxQAY/WIAgbhOFxSbeKbHbgMYYqljvTERsKhIpD5tSJ6ilo8iilgi)5p9CWIUTOtwZEaYRQSMIpueKYxGpmaoRE5pKQxM+IFDFYDOpMU
+g4nop69KTbUy0JE707vRfQoXFLQA7B024plIbhilxTHcdikxU6jvcaRTaYahilpdRhtpcUwGFKgkGKLAYNgahZTQKzIWU5qNgaLjlSmajMfGaYCbahdDSW4EOQ00myiwxmymlaYkMNRGhaMBpBzUeD3gmxWFFOpA
0209Y81V7AegN14pNtJi3YY4x3p20agYu2lCO7CHYpduTSaGhdIASmHoLspfLplA8uk8qghjDyqPKqQHiKneVQBGYqieGquBGYajaKpT7gQtFUEkloe4xnlComi9KVIRINHiqz) TFuQMIRkU76DGIRUTUACbIc9azZVIAu
1ajYUCALU6pQwJOhqwkFFgZ25]5pPLpXFaxRFTvLpXGO2U4ROXEP8ujy6Qx3I10bKBhspdIIA20m2hAGKMUXi4pcVIhMVDIQBCaiamMhagOIIERN 1gFiel Ow2RvwKqtVCIWNRtQLGRFsdagcOCZHTMUws GKcEz2qglL
EVux7VcitfWpb1Hctpb8VKsNUZnWIaTbUSLF207FIAXSOWFp1ABSUhhSOWDFIRSATFGKLgOxS4qRjSKhejYRXbiompjlGgBgQyOoD1zQtxEMzVTLVVgli3NRmgCB2qimhMQ2kg9AJoYenpV+Cz)pPUGaEVpjirCWIN
GZL5W2kKOXQmdDRUmMiFo70CHUUDHYp1IAxR10QwxSOWEpKkBKKAJBRikA1hxUDijcZXcVAQaBkLKahZDSDyGeUaiKcU2h+RVIjqqyUXJIWUVXkYVcQKxptOwh6oWNXbayzQ9BGrbWHcIKvx22KZLZN5eKCtCY
iM1GcUehJ0G2jFimguKdikAuKXFAXx2KXbSHYXbRtoAXZRsoANIspAHI04)Ug02U7ZQMQqKqyAUAV2xUTYXTGRNioH60DI8 1WIbANBInSyHNVXehbgivi9VjklomIZVmC1eU8CgDZstMI54rWiswMGkzZvUtCICjF
MCNqYaAl6jagEdFijFItDgtLsqRjtt02UCHhadtoKFwKMUALRSASkoYDaKkYtLQA1hVZ1pjIGSoylS|iMdQStAETLXVK44U01sBmSVVkIgkK5Tc52QkbMQF GasDVsdKeRg WBFdBbaagDmpEy6sIWnYp21lzZTDQBGIMN
MCI1GINCOoxQBUmMg4UuKQC4pwFAXQtP20MQu2jZSAXbRsoGJtpu2kAYpNtIDDFPUUAMcYqo+aGxkLKINKnFK4xhWoXFFXEDCs67Uf3sU09BGXLXVGVstVXES2djLdSDYPI9a6ewOOOHI1Bak7gayW600KXFM
kaaaaCSMOxgAI2gNqaAiNRNTEdbS4qSxfwpQKBi4p22hgPCO7bSGO2UuygB2yl2ikAuxaTakkBhApMUDG7aeg9qAI5I00IZk24GkBWZ2q)pmxQUQNOarvOfWmBH52Wxmgl/wDfNNEmRKctge/StfS/D8kpWa4d
4XqBVXEdTDaQ267YkCipDQSMNMNMBhplAhhgMOCIzUZpgRNOqgJqYjsaWkaCO6kwFp1lY5afigBcUUAPpM+1IB1FIY2kpANSp6ZzQAy53YrluFkz10QFI0f+9VZoGP8VAELWvqzfgage 1pXsURCO2tmobuOaavVQm
N7U79RM2NI0CO1xNdASTIvQVt4qiRKYaYiM1GaYhpphoOAjNMoAjaoiKallzUTCmDOypaRQtOpDFXxTqQDIFSYoGLtp+KAFApdtSA4CkxSGNIpuKEBG7het)DewvL5aSBn9KBXK2sanZaY8K38zRGZSyYTdnFc5P4m
00/c+1MfTycU7Me5RbxHbNIES2uDnvlasQyaldRCW10i4eNuj7xinZWu2P1JBaa23/MMVfd5xS/2dr)PMFmv/AG1gNAEfS9T8tj59nux9011WLFoHuf30LilxIxzzjmgk1QMCirENphpgRGMGmMIZSEUhEZFMNMZGx
QJITEQtTM56UENCG3kz0H500tpPQfnQUO+yy+g/Oni0f2pDF+yN/eFO+y/7VIZIIgM8tVhbFO7vRGBILOHHOS/8AAGeLWIfw/maY7i+RF/zzWIEa/wB1fyqbALsHoKQigRAIV3FAGAdjg1nWLCK/SV+FAOaTGiLxLapr
20WckBcRWQNGfUktmi08KrJagkVgzZPLILMalyuhpWNJfD8ydI8e22rMduONgkZ7VAXPIzSGCqEItruccGsG00yaxum8xo80M4X61Yrmlil2n00EMNRGmMFyN+O1RIvagFcauWBqlk50EQu4HVgPgageeNfvTIPxpgRf
aYf+fioq7Xtv3k/JadhEDXkZ/vUgXsH8W4HE6UhnqZFApgPpakYYooGOXrVkUCHUtAwpKBi4pjVAIheqVxNHD988noKYdTPVLi/kCwJ)1rWh8029sqzapcpEPRj1gHgXsQa9r+m+GUthb6ZJePcbtrfdXiucm+IGomC7V
NMtI5Jel3EhOytYwXUh6106+IPiR/8AUX6bAPURsxqrF8QdbZMXdtpt0/8AfZCtIwQrit471V/uW1ID/uRbgjfxnrp/5fMf7sSCnGPKDsynP4q1toZC2qXf3TOkArZ8UX95af2VIluWTzrNWY4BJOBzTO59ECVjCOsaoB/
yErj/AMdqM6tgjHnUrn86VtBaCjVtTGfOPmOf72DUTX98T/x/T/gaYWQxr26b791M31eomnlb70sh/wCBUra3Aj3t/eNMY+taANzRSnNSSR+bz1087jrRYY3zs96b5vwTSYHUZ600gAHUtAXaKAHL96pxQMdSOALQ,
aQC1GxABJOAKBMRPfPNKIbFST/fq7ZaCql901J9q/wC0ah9glLzVfs8flaVEsQ/5650a5uPdNgqUc07vNJuHzOc0dAQ3x9BvOGOuf4oLnZ+DAIWENBrSF7CKOp+Wq6Hk1QWIUqQZIoAjuF/0eT/dNdL4smBTQ1H3v7
PX/ANIgOoMwGyq/NxUfmj+8KaYMYZ/92mGcOPUViMzN/e/Smec/96n1Cwxp2Heozcvn/wCvTHYT7Q1MMzUh2Gea/rR5jdzTkkw3efWkLnHWnewHOLSipJFp1lApaBjkqakMdSOAOpaQyK4mijgidynA/nWQgu
9bm2R7ktwcdqWCNEKG1O0hAETzbj+VULIWW4k3zvk9h2FNIDPuFzVSOhPn5pilPiS0a88L3kS/eQeev/AAHNeXScqH7GtIbAnOKrfcqBPv49qYiQdamHSpKGycxsPatzXX3WPh9x0fT+f/HapESMO8/5Z/8AXMCq3G
KkoYMZ50y01HQQwOwmIYojaoaoQ2imMbQMmkIKbQBIDO6kyRwpaQxRSOAOWpaRQtOpgKKgvb20zh3Py/8ACvrSAz7SwudaufOuPlj+nSt/zI7SH7PZcdmep3AosKhxQIgk TNNt48PTAO4wuSN6goW2sDXj2p
2B0+5urEjb9mIZBIM8VcGSZbj5arR5872xSbLRKetTLytDAaRkVr6rItL8PH/pxYfqtWnoTYxbo9B7VWqGPYZ3pKAG9aQOXEZSqHNIDGOmMaYCUtFwEpKBHOMacKbEPpakYopaAHLUIAX1LSAGX9+ImuPvSn7q1X0vT
Jb6X7Vevx9KTGmbOjgsXIQjagqqaQEbVFimA3bT4UoETUOEIPE/9CFcDA+sfK8S+eeVvat2fQrgGiHxA+hxbA/Mp61UHEtbAS45qRetQMcea07/5tAOFv+mMi/rSBIxbnt9KrGmlYabQAGmMOCGGoD1lotcY3vRirQBO
pDUiUgo96LBc+hTSikleKWkMWIpiHLT6RQ6qF/qlg/dQ/NL/KpAZpemGZzc3h4)zz3rce UEbIxtQdqBjKY1MCMOygQYqaMUgFuT5duz/3cH9awvizbL/ZlvddDDc7P+AtmmliqFzzGdf3hNUCmLirAe3WIBpDsPNat5/
wAilo7ekkq/+PGol0AxLr+D/dgqoapPoA00ymxCGkpCGmMoG+9TGNoplYIBp2EJRRFUZICIEWKQOpwoAUU7NAxwp2cDI6CgDKutRaRvKsT/20g3pmlICBPc9eoFHkMONk3ey0gosMdSGkBGabSAUVKIAIHVv+QRe
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Y/wCelVP4ng/tHRbqOTH+IREJ/vYyKFRCPGGBZemCvB+tUZOw27FUFhCMdaZRYY8VsXn/ACIGme15IP8AOKpnuilsYFx/DIKgnrVdBXGGKNK4mISUCsNgBuDTKGOIMQhooAQOdKYz39LmCT7k0Z/4FU1S9zMfSig
Y7NIzqgzlwUe50C5TIIWFOIB5x9R0qug3moyfPwnoOllgxsWdnBZrwAW-+IWGbNJAFLTAWIqQGUIAwqQVKLIGX43abdj/pg/wDKrOHzWtszf881P/jtSxnleNfC/n79W01P3ygmagX/Ala/7VedSIDWkWQVpBUVO40
FbE3Pga2/2b1v60t2VewlLjotVjQlbTTQFhppM073ASo3qrICOjFSwDaaXYaY2G2k2U+Yk9kk0s1ELCaM/IzD6GoYXHbNRX7txNj/ep3/Ey/5+IsfWidEiwX7/AHp5j/wKpk0dicyH86QzSt9Phj5bk1fUhRhRIimSLRQUOF
OFIY6IxQAuKaaQhtSLOMdMN1tMPWNh+TQkLpOuWPSIP5VHUf2SYvjFeUbIYnVic1ptHtXMdswZ1Qf3q1liiDmmAYfKwaoSnrTAjK81q5z41b/YvhTiN7GFc/wANVj7UgEpppdAGUnamAU3vSEGKMUygpfpTEJRik
hHVFLTELTXSAeDS5pDFFPoYCO8UALTBjhTXxSAdUbUARxZkyVUkA4qVaQEN8J+IMIcf2ZEnqqj8BS8xtkOsXn2XShi6/upkVzvgGlw+G59QJPm313n8F4qugrDvEfhy21CUzW5Frc9eB8jlxepaFqNjHINNa5hjG5plzuX
FPMEYMknzfKM1owsT4MvQw6XsdWhMxrj+Gq9TYY2mmgY2ikAINNMBaSgNgpaAYUnegD3g0CmyR1LUiHU6gBwp1Axwp40GOFOFIB1PFAATWRrV99mtygHI6/AoGYmjWzSXPm7m8gN8n5z8zV1wNJ6gSrl
rPu9x0qVg3zeT5cfsTmmhGD8QNQEOhLBN743H6LWIotg+n+F9ItZciUxedIM/xNzQUXbhs1RnijuYHt5xmKZdj/Q1BL2PL762Isbya2uUw8TY+07GpoG3eF9Qx/DdRfyNaNjS6mHN2/GoaYiMOILqUJig09xCUOOAA
4paXUYILQANVENnu560ChkjgackQCO+gY6nCkMdTgBDGcKBjxS5pAQXNWSELSOeBXISPLGF5/tvwvsKFQDdhjSCIY4/urWmpgRkit8wanjzY1j5/dUxHH68g1nxvp2mHmPzAj8/w/eauz1CbzLxqGCKOh+UVWZglgjm
vF2mC4tv7RhU+bAulQv8aetc5bD/AlprVMHplhqnsVEwS5eoqA1ZAwOISUITaACKNMApPQpPSkG5MsHrSm2PYOcwEboVgOrEe6mikyRadmkMdThQA6nUgHU6gBWNKDQMfmms+BQBy2r332ifaP9VHVzS7cwx
ebIMPIPyFDAuU5q8p4FSA/NQ+askyOe3zH8KBHF+C91/wCOLu/P3beCTOfVIAK6mMRyYO0jE9zTIuUDt+7FVWakIZu5rk9R03+zNI10R/NBN5csXqvzeigFucfL1FV+9WAINpdRCdaQ1RQ2ikAZg3GulRSfYaJMOoaghFIDg
5FUpY9jUe0j3CigZmLSOgHCNCkAuadQMdT80ALmnUABasXWb/aPliPzH71AGZpOH2ifJH7qLr7n0rdzUICK26ryHKLIKBD81jelrn7Jotw+fv/ALv86aEyrdFg+x+E5Lk/evpS+eeVX5Vq+x4pFCk/60v0qsxpCGFqy/EX
Ph6//wCuX9RTGedzdqgPWr6iGmmODEpMOhCUIVOCAqffqdeAKIgISbqTKuP302b51B9KegHtBopmYU6gBadmgBcO6kAtOBpjH502SEU9QuUXbWES+btXM7nul/V3NBSNE6CNYIRGNQUBRSLUgNhPWGI/uxTAeT
XG+OpXuGs9Ng3ebM3AA7ngUCOsu0jsrSGyg/wBXCoiH/ARVFj8p+10XP7gVWYOAQNPGDguoP1ghrTrl4d1AocjyDQiTz+aq9W3gMYTSUAIaSmMKSixNx0f3xVIgm2pRGabmmxhk1MpyKVhHsoanUzMWikMd
SOALS50GLTXTELMoppQiFMOKAOXvLo3M27Py9queXDiPzmHLfd+JjNGqjSb30GTQHSjWIEfkqQHGUZ063/ALS+IV3eSKHg0pAgkrx5uOKoRuXz/vQPQVTkbC1ISHA/60KrOaYHOa1FNJGAESsV8IgcNjntUxDr4On
jm4akW1cNzmmScVLUFPqUNPWmOrkiUIBQIFUBID9+p261PUdyJqZQMWnIaQj//2QAAAAAAAAAAAAAAAAAAAAAAAAAAAL3PCKQDaQODCkgrjlljiVauPUMRXamUDsFANID/2QAACYwzL3p2tIU8GMIWAOZi6
exovYNzi5ahqxDaZTsMKQOhXEpaQAPVCrp5SApMogbrSUrAgoFAH/9kAAAAAAAAAAAEPKAUFXVP7mIIZARSYouMMUdQTA//ZAAAAAAAAAAAAAGKSpAb60tAY1D/qqifrSGR9aSgBe10TpQl//9kAAACrpgimjm
WavwXFZtDNSG4+WrFpc/vbkZ6MuPypEEzzbsGmmQ460dRgj/PT5p0aLhfUhLOmM6gZzXis/6dZf9cH/APQhXPt1qxDabQPYSkoATVRQWCKNCAKSmMB//2Q==

With some modifications to OpenAl's sample code and the help of GPT-4o itself, | created the
following script that would grab the base64 data from the custom handler and parse it into the
model. The prompt for the model is "You are an image to text OCR engine. Output the text you
see in this image, and nothing else."

Full code in Appendix E

With the same setup as the Raspberry Pi, where the ESP32CAM is pointed towards a paper with
the words "Hello World!", | ran the script on my computer to test it out.

Upon running, the following is printed out:

PS C:\myProjects\wildcardWeek> python .\doTest.py
'chatcmpl-9P1QoW3gPQ92JESDLglqzuYvUdUyfr', 'object': 'chat.completion', 'created': 1715750730, 'model': 'gpt-Udo-20
-13', 'choices': [{'index': @, 'message': {'role': 'assistant', 'content': 'Hello World!'}, 'logprobs': None, 'fini

sh_reason': 'stop'}], 'usage': {'prompt_tokens': 454, 'completion_tokens': 3, 'total_tokens': 457}, 'system_fingerprint'
'£p_927397958d'}
PS C:\myProjects\wildcardWeek>

As is seen in the output, the prompt worked and the 40 model detected "Hello World!" as the
text extract and stored it in 'content'. To just output the content, which is the actual result |
want, | can modify the code a little.

response = requests.post( =headers =payload)

content_string = response.json()[
print(content_string)
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Here is the code just printing out the extracted OCR text.

PS C:\myProjects\wildcardWeek> python .\doTest.py
Hello World!

PS C:\myProjects\wildcardWeek> |

This was essentially the bare-bones version of my final project Pi code. After integrating the
serial communication functionality, and changing the wording of the prompt, | had the final
code for the Raspberry Piready:

Full code in Appendix F

Text to Braille Mapping

The Raspberry Pi sends a byte-encoded text string to the ATTiny1614. From there, the
ATTiny1614 is responsible for interpreting and converting the received text into braille dot
arrays, which it then shows on the 3x2 array.

The following program first sets up the configuration of solenodis and corresponding GPIOs,
then creates the arrays of Os and 1s (solenoid up or down) that forms a single braille character.
It then maps each letter to its corresponding letter braille array.

Upon the script's setup, each relevant pin is configured to be OUTPUT, and a serial connection
with the Raspberry Pi is initialized.

The script then continuously waits for an incoming string sent through Serial. Upon receiving
the text, it is converted into an array of characters. The parse_input_string() method then does
the heavy lifting and fetches the correct braille dot arrays. The method then iterates through
each letter and represents that character's corresponding braille for one second on the physical
solenoid array.
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The activate_solenoids() and deactivate_solenoids() methods were used for debugging
purposes, turning all solenoids on or off, respectively.

Full code in Appendix G

Assembly

| first outlined the general setup of my final project. | secured each MOSFET to a corresponding
battery pack and solenoid, and color-coded each MOSFET's trigger and GND wires. | organized
them in such a way that toggling solenoid 1, 2, 3, 4, 5, then 6 would control each solenoid in a
line.

| then connected the color coded wire sets to the controller PCB, and tested turning all the
solenoids on in the right order.
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Lastly, | secured everything in place and put the cover on. This involved using Nitto tape to
attach the PCB to the side wall, and using hot glue to secure the MOSFETs to the bottom and
the solenoids to their respective places. The PCB on the side wall is circled in red in the image
below, as it is somewhat difficult to see. Each MOSFET drive module is connected to the
controller PCB through a set of respective color coded wire pairs. The top-left solenoid
corresponds with both white wires, the top-right solenoid with dark blue, the mid-left solenoid
with green, the mid-right solenoid with orange, the bottom-left solenoid with blue, and the
bottom right solenoid with yellow. The color coded scheme makes it easier for me to detach
individual wires for debugging and knowing which solenoid a specific wire corresponds to.

\ -

| then ran another test to ensure everything still worked.

The assembly of the Raspberry Pi case is relatively simple. As the 3D print already has holes
built in for USB wires, and a hole built in for the screen, all | really need to do is secure the Pi to
the bottom and the screen to the top, then connect the wires. | used 4 M3 screws in the
screw-holes that | designed to secure the Raspberry Pi screen to the top of the case. | then used
hot glue to secure the Pi in place on the bottom of the case. The following image shows the
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case's top on the left, with the screwed-in screen connected to the Pi via the microHDMI port
for data and the power cable. The Pi itself is shown on the right, with its power cable coming
out of the left side box hole, and the ESP32CAM cable coming out of the bottom hole. The wires
on the right side case hole are used for connecting the Pi's TX/RX, VCC, and GND with Brailliant’s
ATTiny1614 PCB.

An image of the Pi case when closed is shown on the next page.
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Images of the final product are shown under the Final Product section of this document, and its
use is demonstrated in the video attached to this application.

The following section contains any important code that | have written during this project.
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Appendices

Appendix A: ESP32CAM WebSocket

#include "esp_camera.h"
#include "WiFi.h"

#include "WebSocketsServer.h"

ttdefine CAMERA_MODEL_AI_THINKER

#include "camera_pins.h"

* ssid = "REDACTED";
* password = "REDACTED";

\WebSocketsServer webSocket = WebSocketsServer(81);

startCameraServer();
setupLedFlash(int pin);

onWebSocketEvent( client_num, payload, length);

setup() {
pinMode(2, OUTPUT);
Serial.begin(9600);
while (!Serial);
Serial.setDebugOutput(true);

Serial.printIn();

config;
config.ledc_channel = LEDC_CHANNEL_O;
config.ledc_timer = LEDC_TIMER_O;
config.pin_d0 =Y2_GPIO_NUM;
config.pin_d1 =Y3_GPIO_NUM;
config.pin_d2 =Y4_GPIO_NUM;
config.pin_d3 =Y5_GPIO_NUM;




config.pin_d4 =Y6_GPIO_NUM;
config.pin_d5 =Y7_GPIO_NUM;
config.pin_d6 = Y8 _GPIO_NUM;
config.pin_d7 =Y9_GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM;
config.pin_vsync = VSYNC_GPIO_NUM;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb_sda = SIOD_GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO_NUM;
config.xclk_freq_hz = 20000000;
config.frame_size = FRAMESIZE_UXGA;
config.pixel_format = PIXFORMAT _JPEG;
config.grab_mode = CAMERA_GRAB_WHEN_EMPTY;
config.fb_location = CAMERA_FB_IN_PSRAM;
config.jpeg_quality = 12;

config.fb_count = 1;

if (psramFound()) {

config.jpeg_quality = 10;

config.fb_count = 2;

config.grab_mode = CAMERA_GRAB_LATEST;
}

err = esp_camera_init(&config);
if (err 1= ESP_OK) {
Serial.printf("Camera init failed with error 0x%x", err);

return;

}

*s = esp_camera_sensor_get();

s->set_vflip(s, 1);

s->set_brightness(s, 1);

s->set_saturation(s, -2);




#if defined(LED_GPIO_NUM)
setuplLedFlash(LED_GPIO_NUM);
ttendif

WiFi.begin(ssid, password);
WiFi.setSleep(false);
while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(".");

}

Serial.printIn("");

Serial.printIn("WiFi connected");
webSocket.begin();
webSocket.onEvent(onWebSocketEvent);

startCameraServer();

Serial.print("Camera Ready! Use 'http://");
Serial.print(WiFi.locallP());

Serial.printIn("' to connect");

loop() {
webSocket.loop();

}

onWebSocketEvent( client_num, payload,
switch (type) {
case WStype_DISCONNECTED:
Serial.printf("[%u] Disconnected!\n", client_num);
break;
case WStype_CONNECTED:
{
IPAddress ip = webSocket.remotelP(client_num);

Serial.printf("[%u] Connection from ", client_num);

length) {




Serial.printin(ip.toString());
}
break;
case WStype_TEXT:
if (stremp(( *)payload, "capture") == 0) {
*fb = esp_camera_fb_get();
if (1fb) {
Serial.printIn("Camera capture failed");
}else {
webSocket.sendBIN(client_num, fb->buf, fb->len);
esp_camera_fb_return(fb);
}
}

break;
case WStype_BIN:
Serial.printf("[%u] Get binary length: %u\n", client_num, length);

break;

setupLedFlash(int pin) {
pinMode(pin, OUTPUT);
digitalWrite(pin, LOW);
}

Appendix B: Custom Capture Handler

capture_handler(

*fb = NULL;
res = ESP_OK;
#if ARDUHAL_LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO

fr_start = esp_timer_get_time();




fendif

#if CONFIG_LED_ILLUMINATOR_ENABLED
enable_led(true);

vTaskDelay(150 / portTICK_PERIOD_MS);

fb = esp_camera_fb_get();
enable_led(false);
telse
fb = esp_camera_fb_get();
tendif

if (fb)

{
log_e("Camera capture failed");
httpd_resp_send_500(req);
return ESP_FAIL;

httpd_resp_set_type(req, "image/jpeg");

non:

httpd_resp_set_hdr(req, "Content-Disposition", "inline; filename=capture.jpg");

httpd_resp_set_hdr(req, "Access-Control-Allow-Origin", "*");

ts[32];
snprintf(ts, 32, "%lld.%06ld", fb->timestamp.tv_sec, fb->timestamp.tv_usec);
httpd_resp_set_hdr(req, "X-Timestamp", ( *)ts);

#if CONFIG_ESP_FACE_DETECT_ENABLED
out_len, out_width, out_height;
*out_buf;

S;
#if ARDUHAL _LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO

detected = false;
#endif

face id =0;
if (!detection_enabled || fb->width > 400)




{
ttendif
#if ARDUHAL _LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO
fb_len =0;
#endif
if (fb->format == PIXFORMAT_JPEG)
{
#if ARDUHAL_LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO
fb_len = fb->len;
ttendif
res = httpd_resp_send(regq, ( *)fb->buf, fb->len);
}
else
{
jchunk = {req, 0};
res = frame2jpg_cb(fb, 80, jpg_encode_stream, &jchunk) ? ESP_OK : ESP_FAIL;
httpd_resp_send_chunk(req, NULL, 0);
#if ARDUHAL LOG_LEVEL >= ARDUHAL _LOG_LEVEL_INFO
fb_len = jchunk.len;
ttendif
}
esp_camera_fb_return(fb);
#if ARDUHAL_LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO
fr_end = esp_timer_get_time();
#endif
log_i("JPG: %uB %ums", ( )(fb_len), ( )((fr_end - fr_start) / 1000));
return res;

#if CONFIG_ESP_FACE_DETECT_ENABLED
}

jchunk = {req, 0};

if (fb->format == PIXFORMAT_RGB565
#if CONFIG_ESP_FACE_RECOGNITION_ENABLED

&& !recognition_enabled
#endif




)
#if TWO_STAGE

HumanFaceDetectMSR01 s1(0.1F, 0.5F, 10, 0.2F);
HumanFaceDetectMNPO1 s2(0.5F, 0.3F, 5);
std::list<dl::detect:: > &candidates = s1.infer((
std::list<dl::detect:: > &results = s2.infer((

HumanFaceDetectMSR01 s1(0.3F, 0.5F, 10, 0.2F);
std::list<dl::detect:: > &results = sl.infer((
#endif
if (results.size() > 0) {
rfb;

rfb.width = fb->width;

rfb.height = fb->height;

rfb.data = fb->buf;

rfb.bytes_per_pixel = 2;

rfb.format = FB_RGB565;

#if ARDUHAL_LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO

detected = true;
#endif
draw_face_boxes(&rfb, &results, face_id);

}

*)fb->buf, {(

*)fb->buf, {(

*)fb->buf, {(

)fb->height, (

)fb->height, (

)fb->height, (int)fb->width, 3});

)fb->width, 3},

)fb->width, 3});

s = fmt2jpg_cb(fb->buf, fb->len, fb->width, fb->height, PIXFORMAT _RGB565, 90, jpg_encode_stream,

&jchunk);
esp_camera_fb_return(fb);
} else
{
out_len = fb->width * fb->height * 3;
out_width = fb->width;
out_height = fb->height;
out_buf = ( *)malloc(out_len);
if (lout_buf) {
log_e("out_buf malloc failed");
httpd_resp_send_500(req);
return ESP_FAIL;




}
s = fmt2rgh888(fb->buf, fb->len, fb->format, out_buf);
esp_camera_fb_return(fb);
if (1s) {
free(out_buf);
log_e("To rgh888 failed");
httpd_resp_send_500(req);
return ESP_FAIL;

rfb;
rfb.width = out_width;
rfb.height = out_height;
rfb.data = out_buf;
rfb.bytes_per_pixel = 3;
rfb.format = FB_ BGR88S;

#if TWO_STAGE
HumanFaceDetectMSRO1 s1(0.1F, 0.5F, 10, 0.2F);
HumanFaceDetectMNPO1 s2(0.5F, 0.3F, 5);

std::list<dl::detect:: > &candidates = sl.infer(( *)out_buf, {(int)out_height, (int)out_width, 3});

std::list<dl::detect:: > &results = s2.infer(( *)out_buf, {(int)out_height, (int)out_width, 3},

HumanFaceDetectMSRO1 s1(0.3F, 0.5F, 10, 0.2F);
std::list<dl::detect:: > &results = sl.infer(( *)out_buf, {(int)out_height, (int)out_width, 3});
#endif

if (results.size() > 0) {
#if ARDUHAL _LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO
detected = true;
#endif
#if CONFIG_ESP_FACE_RECOGNITION_ENABLED
if (recognition_enabled) {

face_id = run_face_recognition(&rfb, &results);




fendif

draw_face_boxes(&rfb, &results, face_id);

s = fmt2jpg_cb(out_buf, out_len, out_width, out_height, PIXFORMAT _RGB888, 90, jpg_encode_stream,

&jchunk);
free(out_buf);

if (Is) {
log_e("JPEG compression failed");
httpd_resp_send_500(req);
return ESP_FAIL;
}
#if ARDUHAL_LOG_LEVEL >= ARDUHAL_LOG_LEVEL_INFO
fr_end = esp_timer_get_time();
#endif
log_i("FACE: %uB %ums %s%d", ( )(jchunk.len), (
"DETECTED " : "", face_id);
return res;

#endif

)((fr_end - fr_start) / 1000), detected ?
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Appendix C: Tesseract OCR

time

cv2

urllib.request

numpy as np

pytesseract

img_resp = urllib.request.urlopen(url)
imgnp = np.array(bytearray(img_resp.read()), dtype=np.uint8)

rame = cv2.imdecode(imgnp, -1)

ext = pytesseract.image_to_string(frame, config=

Appendix D: Base64 Image Handler

jpg_base64_handler(

camera_fb_t *fb = esp_camera_fb_get();

if (1fb) {
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Serial.printIn("Camera capture failed");
httpd_resp_send_500(req);
return ESP_FAIL;

String base64image = base64::encode(fb->buf, fb->len);

httpd_resp_set_type(req, "text/plain");

res = httpd_resp_send(req, base64Image.c_str(), base64Iimage.length());

esp_camera_fb_return(fb);

return res;

[...]

httpd_uri_t base64_uri = {
.uri ="/base64",
.method = HTTP_GET,
.handler = jpg_base64 _handler,
.user_ctx = NULL

[...]

httpd_register_uri_handler(camera_httpd, &base64 _uri);

Appendix E: GPT40 OCR Call

requests




Qpi_key =

get_base64_image(url):
response = requests.get(url)
response.text

esp32cam_url =

base64_image = get_base64_image(esp32cam_url)

headers = {

}

payload = {

baseb64_image

response = requests.post( =headers =payload)

(response.json())

Appendix F: Final Raspberry Pi Program




serial
time
requests

api_key =

ser = Serial(

get_base64_image(url):
response = requests.get(url)

( )

response.text

esp32cam_url =

base64_image = get_base64_image(esp32cam_url)

send_message(message):
ser.write(message.encode())
time.sleep(1)

ocr():
headers = {

payload = {

base64_image




response = requests.post(
response.json()[

message = ocr()
send_message(message)
( message}")

( &)

ser.close()

Appendix G: Final ATTiny1614 Program

sols[6] ={0, 1, 2, 3, 9, 8};

ale]={0,1,1,1,1, 1}
bl6]={0,1,0,1,1, 1}
cl6]={0,0,1,1,1, 1}
dl6]={0,0,1,0,1, 1};

=headers

=payload)




el6]={0,1,1,0,1, 1}
f[6]1=1{0,0,0,1, 1, 1};
g[6]=1{0,0,0,0, 1, 1};
hie]={0,1,0,0, 1, 1};
i6]={1,0,0,1,1, 1}
ilel={1,0,0,0, 1, 1};
k[6]={0,1,1,1,0, 1};
I[6]=1{0, 1,0,1,0,1}
m([6]={0,0,1, 1,0, 1};
n[6]={0,0,1,0,0, 1};
o[6]={0,1,1,0,0, 1}
pl6]={0,0,0, 1,0, 1};
qlel={0,0,0,0,0, 1};
r(6]={0,1,0,0,0, 1};
s[6]={1,0,0, 1,0, 1};
t[6] ={1,0,0,0,0, 1};
ule]={0,1, 1, 1, 0, 0};
v[6] ={0, 1,0, 1, O, O};
w[6] ={1,0,0,0, 1, 0};
x[6] =1{0, 0, 1, 1, O, O};
y[6]={0, 0, 1, O, O, 0};
z[6] ={0, 1, 1, 0, O, O};

space[6] ={1,1,1,1,1, 1}

number_sign[6] ={1, 0, 1, 0, O, 0};
num_1[6]={0,1,1,1,1, 1};
num_2[6]={0,1,0,1,1, 1};
num_3[6]={0,0,1,1,1, 1};
num_4[6] ={0, 0, 1,0, 1, 1};
num_5[6]=1{0, 1, 1, 0, 1, 1};
num_6[6]={0,0,0,1, 1, 1};
num_7[6] =10, 0,0, 0, 1, 1};
num_8[6] =10, 1,0, 0, 1, 1};
num_9[6]={1,0,0,1, 1, 1};
num_0[6]={1,0,0,0, 1, 1};




ypedef {
character;

*braille_array;

} BrailleMap;

BrailleMap braille_dictionary[] = {

{'a', a}, {'b', b}, {'c’, c}, {'d', d}, {'e’, e},

{'f, 1}, {'g', g}, {'n’, h, {1, i}, {5, i}

{k', k), {1, 1}, {'m’, m}, {'n", n}, {'0’, o},

{'e', p}, {'d', a}, {'r', r}, {'s', s}, {'t', t},

{u', ul, {4 v (W wh, {5 x3, Y v {7, 23, {, space,

{'#', number_sign},

{'1', num_1}, {"2', num_2}, {'3', num_3}, {'4', num_4}, {'5', num_5},

{'6', num_6}, {'7', num_7}, {'8', num_8}, {'9', num_9}, {'0', num_0}
Ip

setup() {

for (inti=0;i<6;i++) {

pinMode(sols[i], OUTPUT);

Serial.begin(9600);

while(!Serial){

activate_solenoids( braille_array) {
for (inti=0;i<6;i++) {
digitalWrite(sols[i], braille_array[i]);




parse_input_string( input) {

len = sizeof(braille_dictionary) / sizeof(BrailleMap);

for (inti=0; i < strlen(input); i++) {
for (intj=0; j < len; j++) {
if (braille_dictionaryl[j].character == input{[i]) {
activate_solenoids(braille_dictionary[j].braille_array);
delay(1000);

break;

deactivate_solenoids();

deactivate_solenoids() {
for (inti=0;i<6;i++) {
digitalWrite(sols[i], LOW);

loop() {
if (Serial.available() > 0) {

String input = Serial.readString();

inputArray[input.length() + 1];
input.toCharArray(inputArray, input.length() + 1);

parse_input_string(inputArray);




}

}

delay(5000);
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