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In this project, our group designed a single-player and online dual-mode battle 
game based on SoC (System on Chip) called Monster Casino. This game combines 
elements of casino slot machines with monster capture and monster battle. The 
objective is to obtain monsters from the slot machine, nurture them, join the battle 
with wild monster, and finally use the monster to beat boss monster or play against 
other player via online and win the game. 

The FPGA is responsible for reading images, driving the screen, playing background 
music. The software communicates with the FPGA through Avalon bus to complete 
the design of the game logic, send user controlling message and internet 
transmitting.
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Part 2 – System Design
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As the main board of DE1-SoC, the peripherals 
connect with screen monitor, earphone, 
joystick and other boards.

Peripherals Design Overview
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Part 2 – System 
Design
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System Design Overview
The design involves a USB joystick that sends scan codes to a System-on-Chip (SoC), which 
decodes these into game commands. These commands drive game logic, which controls image 
and audio outputs. Visuals are displayed via VGA after pixel data is fetched from ROM. Audio 
tones, managed in Verilog, are generated through frequency division, played via a DAC, and 
output through headphones using an onboard amplifier. Additionally, game data is transmitted 
over Ethernet for online gameplay.
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Part 3 - Hardare Design
General Bus
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In the design, we used 8*32 bits different registers.
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Part 3 - Hardare Design
Graphics
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In our design, graphics are implemented through two primary methods:

• ROM Storage for Basic Graphics: Key figures like elves, bosses, and 
backgrounds are stored in ROM. Due to ROM's size limitations, RGB888 
format (3 bytes per pixel) is not used. Instead, images are downsampled 
using Matlab, reducing color depth to one byte per pixel, which references 
a color table. Matlab is also used to resize images and convert them to .mif 
format, suitable for storage and retrieval via an Intel IP block.

• Hard-coded Graphics in SystemVerilog: Certain elements such as elf and 
enemy weapons, and protective circles are hardcoded directly in 
SystemVerilog, bypassing the need for ROM storage.
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Part 3 - Hardare Design
Picture ROM Design Overview
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Part 3 - Hardare Design
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We used MIDI files from Pokémon-related websites, converting these into 16-
bit audio waves using MATLAB, and stored them as MIF files, limited to 8192 
bytes due to storage constraints.

For continuous background music, we generated tones using Verilog, 
controlled by signals from the Avalon bus. Audio output was managed using 
the WM8731 audio module and IP blocks, with communication facilitated by a 
FIFO system between the audio module and the VGA-ball.

The system operates at an 8kHz sampling rate with a 16-bit width, regulated 
by a frequency-reducing counter. Background music is input into the system 
via the Avalon bus to a specific register, allowing for software control of the 
melody.

Audio
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Part 3 - Hardare Design
Music ROM IP Block
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Part 3 - Hardare Design
Rom picutre
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In the slot machine, our 5 images together 
occupy 60000 bytes of ROM. The boss's 4 action 
images occupy 49152 bytes of ROM. The elf's two 
images occupy 8192 bytes of ROM. The 
background images, including two states of wall 
and floor images, mirrored two flame images, 
and one reward symbol, occupy 7168 bytes of 
ROM. Finally, characters occupy 265 bytes, and 
numbers occupy 320 bytes of ROM. The overall 
occupancy is less than the ROM limit on the 
board.
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Part 4 - Software Design

User Input 
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Our project involves connecting controllers to 
the software program via USB input. We use the 
Linux libusb-1.0 C library to read USB scan 
codes, and the interface is initialized using the 
keyboard function. Players can control the 
pointer and elf movement using the arrow keys, 
stop the slot machine and defend during battle 
with the B key, and attack and capture elves 
during battle with the A key. The slot is reset 
using the Y key, and the menu is navigated with 
the X key.
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Part 4 - Software Design
Online Battle 
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The real-time online battle system implemented in this project allows players to 
engage in dynamic combat scenarios over a network, offering a seamless multiplayer 
experience through TCP communication.

Communication Protocol:
•Initial Setup:

• Host: Listens on a predefined port for TCP connections.
• Client: Connects and sends initial settings via a handshake message.
• Acknowledgment: Host confirms the connection, transitioning both to battle 

mode.
•During Battle:

• Host to Client: Sends continuous updates on game state and player health.
• Client to Host: Sends current player actions for synchronization.
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Part 4 - Software Design

Game Logic
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After the game starts, enter slot machine mode. 
Then, enter the Catch mode to capture the elf 
by judging whether three identical slots appear. 
After capturing, return to slot mode. Once the 
number of allowed coin flips is reduced to 0, 
boss mode is entered. After successfully 
capturing the elf, players can choose to enter 
battle mode from the menu. Players can choose 
to fight wild monsters, fight bosses, or fight 
other players online.
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Part 4 - Software Design

Game Logic
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Now let’s welcome Shaokun Feng to give a live 
demonstration about detailed game logic.
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Part 5 - Improvements
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Compared with the last time we met with the professor, our project has 
improved significantly. 

•We reconstructed the underlying display logic 
•We greatly enriched the game logic
•We added an online battle mode so that the game can support multiplayers, 
increasing the fun and interactivity of the game
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Part 5 - Improvements
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Reconstruction the underlying display logic
In the past we only used two register addresses, 
one for image and one for sound. There are 
complex classification discussions on the display of 
images (just like different types of MIPS 
instructions), which eventually leads to timing 
problems in the entire SOC system. The images on 
the screen will flicker and be unclear. Now after 
our reconstruction, we use ROM to store images 
and use 8 32-bit registers to interact with the bus. 
Now our images are clear and stable, which greatly 
improves the user experience.
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Contribution
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In this project, every member of the team played an integral role. 
Zongwei is responsible for the design of the entire game hardware, 
including images and music, as well as the framework design of the 
software part, and the writing of the report; Chenzhi is responsible for 
the partially design of the hardware music, the game logic of the game 
software, the presentation, the finalization of the paper, and the final
debugging process of the game; Shaokun was responsible for the game 
design of the online battle, the game software design, the writing of the 
paper, and the final debugging of the game. 
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Among us, we would like to sincerely thank Zongwei for his efforts. After the first 
meeting with the professor, he made a decisive decision to reconstruct our 
underlying hardware display logic code. As we all know, hardware reconstruction 
is very time-consuming. Zongwei spent three nights in the laboratory and finally 
completed the code reconstruction. His spirit inspired the rest of us and allowed 
us to complete the task within the limited time. Due to campus restrictions, the 
final days of the project were extremely difficult, but every member of the team 
never gave up and helped each other, and finally achieved today's results. This is 
an unforgettable time.
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Finally, we would like to express our gratitude to the professor
Edward and all teaching assistants of CSEE 4840 for their valuable 
opinions and selfless help. We will use the knowledge we have 
learned to make further progress in the future!
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