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1.Introduction

Centipede - with its colorful mushroom patch, tenacious centipedes,
bouncing spiders, fleas and scorpions - was one of the earliest and most popular
video arcade games. It was brought to life by Atari in 1981 and was all the rage
over the years. We want to reimplement this game in more advanced way and play
the game on the DE1-SOC board. In this project, we managed to rebuild it on the
DEI1-SoC board by using both hardware and software. We want to make the game
as close as possible to original Centipede game. We implemented some of the key
elements of centipede game as it showed in 1981. The key elements are:
1.Player: Game player that could move both horizontally and vertically.
2.Mushroom: eliminate it will increase game points. Mushrooms will also block
character moves.
3.Centipede: Enemy that moves from top to bottom with a long body. Mushrooms
acts like roadblocks for Centipedes.

4. Life index: Index to show how many life is left for the player.

5. Score index: Index to show the total scores that player has gained.

6. Highest score index: Index to keep track of the highest score.

7. Background music.

We use the tracking ball controller to control the player and a VGA monitor to
display the game.

Figure 1- Tracking Ball



2.System Architecture

Centipede combines both hardware and software design. The software parts
contains device driver and game logic unit. The device driver provides an interface
between hardware (audio generator, Tracking Ball and VGA monitor) data ports
and logic control unit. The game logic includes object position display, collision
detection, score tracking, recording, mushroom generation and objects movement
pattern. The hardware section mainly contains the design of VGA image display
module, trackball module and audio generation module. The software device driver
unit provides interface for game logic and hardware. Specifically, Game logic unit
sends each object’s position and status data to hardware through device drivers.
The hardware peripherals receive data from drivers, they decode the data and
display the corresponding images or sound effect. On the other hand, the game
logic unit receives the tracking ball reading data from hardware to update the
player’s position. The overall flowchart can be shown as follows:
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Figure 2 - Hardware and software flow chart



3. Software Logic

The game logic was implemented in C language and communicated with
hardware through device driver. The structure of the software is based on the lab3.
The vga ball.c contains all the device driver function for us to communicate to the
hardware. The vga ball.h is the header file which defines the data types that send
to the hardware. The hello.c contains all the game logic and call the device driver
to send the data to the hardware. In this section we will talk detail about the game
and how the game is played. All the device driver sending and receiving described
below are using itocl, iowrite16 and ioread16 function.

3.1 Background

The game is happened inside a small garden and player will play as a little
beatle who try to protect its nest. The centipede want to invade into the nest and
beatle can kill centipede by shooting bullet to it. There are also spider who hunt the
beatle around and beatle can also kill spider. Killing spider, centipede and
mushroom will give points to the player, and the goal is to get as many points as
possible.

3. 2 Game Object

3.2.1 Mushroom

When the game starts or when player kills all centipede segments,
Mushroom will be randomly generated and spread out across the screen.
Mushroom can be destroyed by player’s bullet. Mushroom can also block the
movement of the player. Mushroom objects are stored inside a 30x40 2-D array
where the row index and column index of the array correspond to the x and y
position of one 16x16 grid on the frame. For example, the value {2,4}, represent
the mushroom on the pixel position {32, 64} (The upper right position of the
square grid. The x16 conversion happened here since the frame is 640x480 and the
array is 30x40). Software will update the status of the mushroom inside the 2-D



array according to the collision detection while the game runs. The value 1
represents that the mushroom can be displayed and the value 0 represents that the
mushroom can not be displayed. Since there is only 90 registers allocated for
mushrooms, we need to do a preprocessing before sending to the hardware. What
the preprocessing does is that it converts the 40 binary values within one row into
three 16 bits short to adapt to iowrite16 calls. Thus, the software will send a 3x30
array all at once to hardware through device driver and the hardware will handle
the display accordingly.

3.2.2 Centipede

Centipede will be generated at the top left of the frame. There will be 10
centipede in each game round. Centipede has head and body, and each will have
different score value. Centipede originally move from left to right, when it hit the
mushroom or the edge of the frame, it will move down 16 pixel and change the
direction (from left-to-right to right-to-left). When a centipede body detaches and
there is no other centipede body in front of it, it will become a head. Centipede can
make player lose a life when hit into the player. Player can shoot bullet to kill a
centipede segment where the dead centipede segment will spawn a new mushroom.
The centipedes are stored inside an array with length of 20 for device driver. Each
two element of the array represent the pixel position of the centipede. For example,
Centipede[0] = 32, Centipede[1] = 50 represent the pixel position of the first
centipede is {32,50}. The software will also send the status of the centipede (i.e.
live or dead, head or body) to the device driver. The hardware will get all these
data from device driver and handle the display.

3.2.3 Spider

Spider will be generated at the mid left position of the frame. Spider will
bounce around at the bottom half of the frame. There will be only one spider in
each game. Spider can destroy mushroom when hit into a mushroom. Spider can
make player lose a life when hit into the player. Player can shoot bullet to kill a
spider. When spider is dead, it can be regenerated randomly at some place in the



bottom half of the frame. Spider is stored in an array with size of two. The first
element of the array represent the vertical pixel position and the other one
represent the horizontal pixel position. After software update all the position of the
spider, software will send the array to the hardware through device driver to handle
display.

3.2.4 Player

Player will be generated at the bottom mid of the frame. Player is controlled
by the tracking ball. Software send a start signal through device driver to hardware
to tell tracking ball to read the value. Hardware will send the reading value
(through device driver) to software to update the position of the player. Same as
spider, the player’s position stored in a size 2 array and it will send to hardware to
handle display.

3.2.5 Bullets

When received the right button click from tacking ball, player will shoot a
bullet. Bullet can destroy mushroom, spider and centipede. When the player kill
one centipede, it will create a mushroom at the dead centipede’s position. Bullets
are generated at the position of the player and moving upward. Each bullet will
have a little gap between the next bullet (we designed this feature by adding a
“timer” inside the module that will wait 16 pixels before the generation of next
bullet). There will be maximum 30 bullets in the frame. When a bullet kill
something, it will be reset and will be generated again. Same as centipede, the
bullets stored inside an array with size of 60. Each two connected elements
represent x and y position of a bullet. Software will send the array to hardware
through device driver to handle bullet display.

3.2.6 Score and highest score
When player kill mushroom, spider and centipede, player will gain score and
display on the top of the frame. Each elements scoring are:



Mushroom: 50

Spider: 600

Centipede body: 200

Centipede head: 300
When player lose all three life, the system will compare the current score and
current highest score and update the highest score if the current score exceed the
highest score. The txt file is stored in the SD card on FPGA ( so reboot the FPGA
will not affect the highest score recording). The highest score will be updated at
same time as the txt file. The highest score store inside a txt file and display on the
top of the frame. All the score and highest score are integer which represent the
block tile. (i.e. 0 represent 0, 1 represent 1 and so on) The integer will send to
hardware through device driver to handle display.

3.2.7 Life system

Player initially has three lives. If spider and centipede hit player, player will
lose a life. If a centipede hit the bottom of the frame, it will also consider the player
lost in defense. Player will also lose a life. The life will display on the top of the
frame.

3.3 Collision Detection

The collision detection includes the following 8 types:
1 Mushroom & Centipede

2 Mushroom & Bullet

3 Mushroom & Spider

4 Mushroom & Player

5 Bullet & Centipede

6 Bullet & Spider

7 Player & Centipede

8 Player & Spider



