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1. SCARAB Program

1.1 Software Architecture

PySide GUI

W
Application Logic

pyserial File System

W

External Hardware
(SCARAB Device)

System Services
(time, sys)

1.1.1 PySide

For GUI development, | am using Python’s own binding of the GUI toolkit Qt, developed by The
Qt Company themselves. The binding, known as PySide, is cross-platform, much like Qt. The
PySide binding is open source under the GPLv3 and Qt commercial license (pyside, 2021).

1.1.2 Python

The application logic will be handled using Python. Python, created by Guido van Rossum in
1991, is a general-purpose language with a simple syntax, similar to the English language
(W3Schools, n.d.). Given its simplicity, it allows for rapid development, aided by its abundance
of external libraries.

1.1.3 pySerial

The pySerial library encapsulates serial port access, providing cross-platform backends for
Python (pyserial, 2022). This will be used to interface with the SCARAB Device.

1.1.4 File System

The SCARAB program will need to store backed up save files. As such, interaction with the PC’s
file system is necessary.



1.1.5 External Hardware (SCARAB Device)

pySerial is being used to communicate with external hardware. In this case, itis communicating
with the SCARAB Device itself. Specifically, itis communicating with the Arduino which powers
the SCARAB.

1.1.6 System Services

The SCARAB PC Program will need to make use of some system libraries such as time for any
necessary delays while the SCARAB Device connects, and sys for exiting.



2. SCARAB Device

2.1 Hardware Architecture

Main SCARAE Board

Arduino MEGA 2560 Adafruit 4090 USE C
Rev 3 Breakout Board

W

LV to 3.3V
Buck Converter

W W

Module Connector
Interface

SCARAE Module Board

Y
SCARAB Connector
EEPRCM Logic Level
Converter

L | 4]

Cartridge Port

i

i

Game Cartridge




2.1.1 Arduino MEGA 2560 Rev 3

Based on the ATmega2560 microcontroller, the Arduino Mega 2560 Rev3 contains everything
needed to support the ATMega2560, including 54 digital I/0 pins, 16 analog inputs, 4 hardware
serial ports, a 16MHz crystal oscillator, USB connection, and a power jack (Arduino, 2025). The
Arduino serves as the intermediary device which translates between what the PC wants, and
what the cartridge expects.

2.1.2 Adafruit 4090 USB C Breakout Board

The Adafruit USB C board will serve as the main power source for the cartridges and the
EEPROM. While a microcontroller has enough power to interface with the cartridge, it doesn’t
support the Amps necessary to also power it. Using a USB-C cable, the SCARAB could draw the
power necessary from a USB port on the PC. While this will require 2 USB cables to be
connected between the SCARAB and the PC, it’s preferable to the alternative of batteries.

2.1.3 5V to 3.3V Buck Converter

Not only do some cartridges such as the GBA or N64 use 3.3V logic, but they utilise 3.3V VCC
too. The logic level converters would not work for the level of amps required, so a new solution
was needed. This is where buck converters are being used. Buck converters converta DC
voltage to a lower DC voltage, such as 5V to 3.3V in this case (Yates, 2024).

2.1.4 Module Connector Interface / SCARAB Connector

A series of pins and pin headers, the Module Connector and SCARAB Connector serve as a link
between the SCARAB Device and its various cartridge port modules.

2.1.5 EEPROM

The Electronically Erasable Programmable Read Only Memory (EEPROM) serves as the
identification chip for the individual modules. The SCARAB will need to adjust itself based on
the type of cartridge it is reading from, so the EEPROM will store the necessary data to assist in
this.

2.1.6 Logic Level Converter

As mentioned above, some cartridges use 3.3V logic, where the Arduino MEGA 2560 uses 5V
logic. These logic level converters will translate between the Arduino and the cartridge in these
cases. They will not be present on every module, only the ones that require 3.3V.

2.1.7 Cartridge Port

The cartridge ports serve as an interface between the Arduino and the cartridges themselves.
They are fit for purpose, and mimic the port contained within the respective consoles that the
cartridges are designed for.

2.1.8 Game Cartridge

The game cartridges themselves are the main purpose of the SCARAB. They are being tested
and checked for any issues, and having their save data backed up.



2.2 Circuit Diagrams

2.2.1 SCARAB Device

External Module Header
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2.2.2 SNES Module
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2.2.3 N64 Module
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2.2.4 GBA Module
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2.2.5 NES Module
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3. Algorithm Pseudocode
3.1 SCARAB

3.1.1 ldentify Module
func identifyModule() {

Initialize EEPROM Connection
value = Read From EEPROM
Close EEPROM Connection
switch (value) {
case “SNES”:
globalFunctionPointers = snesFunctionPointers
case “NES”:
globalFunctionPointers = nesFunctionPointers
case “GBA”:
globalFunctionPointers = gbaFunctionPointers
case “GBC”:
globalFunctionPointers = ghcFunctionPointers
case “N64”:

globalFunctionPointers = n64FunctionPointers

}
3.2 SNES

3.2.1 Read Cartridge

func readSnesCartridge(address) {
Place address on address lines
Set RD line to active low
byte = Read from data lines

return byte



3.2.2 Write Cartridge

func writeSnesCartridge(address, byte) {
Place address on address lines
Place byte on data lines

Set WR line to active low

}
3.2.3 Dump Save

func dumpSnesSave(saveSize, romLayout) {
Create buffer[1024] to store data
switch (romLayout) {
case “LoRom”:
startLocation = LoRomSavelocation
case “HiRom”:
startLocation = HiRomSavelLocation
case “ExHiRom”:
startLocation = ExHiRomSavelLocation
}
for address in range startLocation to startLocation + saveSize {
buffer[(address — startLocation % 1024)] = readSnesCartridge(address)
checksum for buffer XOR new byte of data
if buffer is full {
Send buffer to PC
Send checksum to PC
clear buffer
if PC returns OK then continue

else error



3.2.4 Restore Save

func restoreSnesSave(saveSize, romLayout) {
Create buffer[1024] to store data
switch (romLayout) {
case “LoRom”:
startLocation = LoRomSaveLocation
case “HiRom”:
startLocation = HiRomSavelLocation
case “ExHiRom”:

startLocation = ExHiRomSavelocation

for address in range startLocation to startLocation + saveSize {
if buffer is empty { //if (address — startLocation % 1024) ==
Request data from PC
Request Checksum from PC
Validate Checksum
if OK then ACK
else ERR

}

writeSnesCartridge(address, buffer[(address — startLocation % 1024)])

}
Send OKto PC



3.2.5 Calculate Checksum

func calcSnesChecksum(romSize) {
checksum=0
for address in range romSize {
checksum +=readSnesCartridge(address)

if checksum overflows 16 bits, checksum &= 0x00FF

}

return checksum
}
3.3 NES

3.3.1 Read Cartridge

func readNesCartridge(address, romArea) {

if romArea is “PRG” {
Place address on CPU address lines
set CPU RD to active low
byte =read from CPU data lines

}

else romArea is “CHR” {
Place address on PPU address lines
set PPU RD to active low
byte = read from PPU data lines

}

return byte



3.3.2 Write Cartridge

func writeNesCartridge(address, romArea, byte) {

if romArea is “PRG” {
Place address on CPU address lines
Place byte on CPU data lines
set CPU WR to active low

}

else romArea is “CHR” {
Place address on PPU address lines
Place byte on PPU data lines

set PPU WR to active low

}
3.3.3 Dump Save

func dumpNesSave(saveSize, mapper, saveSize) {
based on mapper, writeNesCartridge(BankControlAddress, PRG, RamEnableCode)
declare buffer[1024] to store data
for x in range saveSize {
buffer[x % 1024] = readNesCartridge(x + baseSaveAddress, PRG)
if buffer full {
send buffer to PC
calc Checksum on buffer
send Buffer to PC

clear buffer on OK

}
3.3.4 Restore Save

func restoreNesSave(saveSize, mapper, saveSize) {
based on mapper, writeNesCartridge(BankControlAddress, PRG, RamEnableCode)

declare buffer[1024] to store data



for xin range saveSize {
writeNesCartridge(x + baseSaveAddress, PRG, buffer[x%1024]
if buffer empty { //if (x % 1024) ==
Request data from PC
Request Checksum from PC

Validate Checksum

if OK then ACK
else ERR
}
}
}
3.3.5 Calculate Checksum
3.4 GBA

3.4.1 Read Cartridge
3.4.2 Write Cartridge
3.4.3 Dump Save
3.4.4 Restore Save

3.4.5 Calculate Checksum
3.5 GB/GBC
3.5.1 Switch Bank

func switchBank(bankNumber, romType, memType) {
Determine Write address from romType
if memType is RAM, write to enable RAM mode
If bankNumber > 1F (needs more than 5 bits, never happens with RAM) {
Write to enable ROM banking mode
Write lower 5 bits

Write upper 2 bits

else{



Write bank to address

}

3.5.2 Read Cartridge
func readGbCartridge(address) {

Place address on address lines
Toggle READ to active low
byte = Read from data pins
return byte

}

3.5.3 Write Cartridge
func writeGbCartridge(address, bank, byte) {

Place address on address lines
Place byte on data lines

Toggle WRITE to active low
}
3.5.4 Dump Save

func dumpGbSave(ramBanks) {
Create buffer to store data
for xin range ramBanks {
//Banks are offset by 1. bank 0 is the first bank, never needs switching
if bank > 1, switchBank(x - 1, romType, RAM), change offset from 0
Write enable RAM
foryin range 8KiB + offset {
buffer.add(readGbCartridge(y)
if buffer full {
Calculate checksum on buffer
Send buffer to PC

Send checksum to PC



Write disable RAM

}
3.5.5 Restore Save

func restoreGbSave(saveSize, ramBanks) {
Create buffer[1024] to store data
Request data from PC
Request Checksum from PC
Validate Checksum
if OK then ACK
else ERR
for x in range ramBanks {
//Banks are offset by 1. bank 0 is the first bank, never needs switching
if bank > 1, switchBank(x - 1, romType, RAM), change offset from 0
Write enable RAM
foryin range 8KiB + offset {
writeGbCartridge(
if buffer empty {
Request data from PC into buffer
Request Checksum from PC
Validate Checksum
if OK then ACK

else ERR

}
Write disable RAM

}
Send OK to PC



3.5.6 Calculate Checksum

3.6 N64

3.6.1 Read Cartridge
func readN64Cartridge(address) {

}

Place upper half of address on address lines
Latch upper half of address

Place lower half of address on address lines
Latch lower half of address

Set RD line to active low

byte = Read from data lines

return byte

3.6.2 Write Cartridge
func writeN64Cartridge(address, byte) {

}

Place upper half of address on address lines
Latch upper half of address

Place lower half of address on address lines
Latch lower half of address

Put data on data lines

Set WR to active low

3.6.3 Dump Save

3.6.4 Restore Save

3.6.5 Calculate Checksum



4. User Interface

4.1 Main Menu
4.1.1 SCARAB Found

Modules

Check Health

Save Management

Options

=5

e

SCARAB:
Inserted Module: N64

CHECK HEALTH




4.1.2 SCARAB Not Found

Modules

Check Health

Save Management

Options

SCARAB:

Check for SCARAB




4.2 Modules

4.2.1 Module Inserted

Check Health

Save Management

Inserted Module: N64
Cartridge: None

SAFE EJECT RE-IDENTIFY

Options




4.2.2 Module Not Inserted

Check Health

Save Management

Inserted Module: None
Cartridge: None

RE-IDENTIFY

Options




4.3 Check Health

4.3.1 Cartridge Inserted

Detected Game:
SUPERMARIO ..

ALESTARS 5
pFuReR

O LB MARIO_ALLSTARS+WORLD

Size: 2MB
Chipset: ROM + RAM + Battery
Header Checksum: Ox1F16

CHECK HEALTH

Options




4.3.2 Cartridge Not Inserted

SCARAB Detected Game:

Home

Modules
No Game Detected.

Please insert a game.
Save Management

|dentify Game

Options




4.3.3 Health Check In Progress
SCARAB Detected Game:

SUPERMARIO .

Home ALESTARS: MARIO_ALLSTARS+WORLD

} Size: ZMB

slzaliliz DA IS AT Chipset: ROM + RAM + Battery
- H‘ Header Checksum: Ox1F16

R =

Save Management

Testing Pins: Done
Validating Checksum: Done

Identifying Corruption: In Progress...
Testing Save Retention: In Progress...

DO NOT UNPLUG SCARAB OR MODULE

Options




4.3.4 Health Check Done
SCARAB Detected Game:

SUPERMARIO .

Home ALESTARS: MARIO_ALLSTARS+WORLD

} Size: ZMB

slzaliliz DA IS AT Chipset: ROM + RAM + Battery
- H‘ Header Checksum: Ox1F16

R =

Save Management

Testing Pins: Done
Validating Checksum: Done

Identifying Corruption: Done
Testing Save Retention: Done

Check Results

Options




4.3.5 Health Check Results
SCARAB Detected Game:

SUPERMARIO .

Home Al‘;%TARS" MARIO_ALLSTARS+WORLD

) Size: 2ZMB

Modules ATl Chipset: ROM + RAM + Battery
5 i Header Checksum: Ox1F16

R ™

Save Management

Testing Pins:
Validating Checksum:
Identifying Corruption:

Testing Save Retention:

Return to Menu

Options




4.4 Save Management
4.4.1 Main Menu

SCARAB Detected Game:

SUPER MaRIo .,

Home ALESTARS:S  MARIO_ALLSTARS+WORLD

KCWORID] Size: 2MB

Modules LA el Chipset: ROM + RAM + Battery
> ] ¢ Header Checksum: Ox1F16
Check Health

Dump Save Data Restore Save Data
Browse Save Files

Options




4.4.2 Main Menu No Cart

SCARAB Detected Game:
Home

Modules

No Game Detected
Check Health

Browse Save Files |dentify Cartridge

Options



4.4.3 Dumping Save
SCARAB Detected Game:

. SUPER MARIO ..
ome ' — =
A"- %TARSW MARIO_ALLSTARS+WORLD
! | Size: 2ZMB
Modules m'ﬂ'*:'f Chipset: ROM + RAM + Battery
gy | Header Checksum: Ox1F16

Check Health

Dumping Save Data to:
SCARAB\SNES\MARIO_ALLSTARS _WORLD

Please Wait. ..

Options



4.4.4 Save Dumped
SCARAB

Home

MARIO_ALLSTARS+WORLD
) Size: 2ZMB
Modules s A Tol L Chipset: ROM + RAM + Battery
5 -l Header Checksum: Ox1F16

Check Health

Dumping Save Data to:
SCARAB\SNES\MARIO_ALLSTARS_WORLD

Save File Dumped as:
MARIO_ALLSTARS_WORLD_12FEB2026_12_19_45.snes.sav

Return to Menu

Options




4.4.5 Restore Save

SCARAB Detected Game:

H SUPERMARID. .
Ome A"—%TARSW MARIO_ALLSTARS+WORLD
} 3 Size: 2MB
AECIES C I Sa Tl Chipset: ROM + RAM + Battery
< S Header Checksum: Ox1F16
Check Health

MARIO_ALLSTARS_WORLD_19FEB2025 19 32
MARIO ALLSTARS WORLD_04MAY2025 12
MARIO_ALLSTARS_WORLD_05MAY2025_15 22

Browse Restore Save

Options




4.4.6 Restoring Save
SCARAB Detected Game:

. SUPER MARIO ..
ome * — =
A"- %TARSTN MARIO_ALLSTARS+WORLD
; | Size: 2MB
Modules B B G u{ Chipset: ROM + RAM + Battery
ay : ‘ Header Checksum: Ox1F16

Check Health

Restoring Save Data From:
SCARAB\SNES\MARIO_ALLSTARS_WORLD

Please Wait...

Options




4.4.7 Save Restored
SCARAB

Home MARIO_ALLSTARS+WORLD

: Size: 2MB

Modules Chipset: ROM + RAM + Battery
2 ity Header Checksum: Ox1F16

Check Health

Restoring Save Data From:

SCARAB\SNES\MARIO_ALLSTARS_WORLD

Save Data Restored From:
MARIO_ALLSTARS_WORLD_12FEB2026_12_19_45.snes.sav

Return to Menu

Options




4.4.8 Browse Saves —Select Game

SCARAB Detected Game: MARIO_ALLSTARS+WORLD

Home
NES

Modules SNES
Select a Console: | csieee
GBA

Check Health -

Select a Game:

MARIO_ALLSTARS WORLD
Super_Punch_QOutl!
THE_LEGEND_OF ZELDA

Select Inserted Select Game
: Game
Options




4.4.9 Browse Saves

SCARAB Selected Game: MARIO_ALLSTARS+WORLD
SUPERMARIO ..

Home AILSTARS

Modules

Check Health

MARIO_ALLSTARS_WORLD_04MAY2025_12 23 _
MARIO_ALLSTARS_WORLD_05MAY2025_15 22

Options
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