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Introduction:


Pong is a very popular game played world wide, by one person or between two and sometimes between four players. It is one of the basic Atari games. In the 2-dimensional game a person gets a point if his opponent cannot return the ball (serve or hit). The 1-dimensional pong game consists of a ball bouncing on a screen. A paddle (controlled from push buttons here) enables the user to make the ball bounce back up. In our project, we had to design the same pong game using Verilog as a programming language and the FPGA as the target chip. Our design is the implementation of one dimensional pong game and is interfaced to a VGA monitor so that the movement of the paddle and the ball.
General Outline of the Game:

· The game is played by a single player. 

· The paddle serve as the  bats and may move in either back or front direction.  

· The player has to hit the ball in the second last position of the ball so that the ball will return when it reaches the end position.  

· The game can be reset at any time using the clear button. 

· The game is displayed on a VGA monitor by supplying appropriate data to the monitor at appropriate time. 
Design Section:

First the Bare Bone Block Diagram (BBBD) for the game was designed and then broken down into sub-blocks, namely:

Clock Divider

Random Number Generator


Paddle movement


VGA display


Main Game
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Random Number Generator/Movement Of The Ball:  

Provide two random numbers each time it is asked for. The random numbers are to be used for the position of the ball.
The ball needs to move around the screen, and bounce back when it touches an object (border or paddle). First we display the ball. It is a square 16x16 pixels. We activate the drawing of the ball when CounterX and CounterY reach its coordinates.
reg [9:0] ballX;
reg [8:0] ballY;
reg ball_inX, ball_inY;

always @(posedge clk)
if(ball_inX==0) ball_inX <= (CounterX==ballX) & ball_inY; else ball_inX <= !(CounterX==ballX+16);

always @(posedge clk)
if(ball_inY==0) ball_inY <= (CounterY==ballY); else ball_inY <= !(CounterY==ballY+16);

wire ball = ball_inX & ball_inY;

Now for the collisions. That's the difficult part of this project.

We could check the coordinate of the ball against each object on the screen and determine if there is a collision. But that would become quickly a nightmare as the number of objects increases.

Instead we define 4 "hot-spots" pixels, one in the middle of each side of the ball. If an object (border or paddle) redraws itself at the same time that the ball draws one of its "hot-spot", we know that there is collision on that side of the ball. Now we update the ball position, but only once for every video frame.

reg UpdateBallPosition;
always @(posedge clk) UpdateBallPosition <= (CounterY==500) & (CounterX==0); // active only once for every video frame

reg ball_dirX, ball_dirY;
always @(posedge clk)
if(UpdateBallPosition)
begin
  if(~(CollisionX1 & CollisionX2))        // if collision on both X-sides, don't move in the X direction
  begin
    ballX <= ballX + (ball_dirX ? -1 : 1);
    if(CollisionX2) ball_dirX <= 1; else if(CollisionX1) ball_dirX <= 0;
  end

  if(~(CollisionY1 & CollisionY2))        // if collision on both Y-sides, don't move in the Y direction
  begin
    ballY <= ballY + (ball_dirY ? -1 : 1);
    if(CollisionY2) ball_dirY <= 1; else if(CollisionY1) ball_dirY <= 0;
  end
end
Paddle Movement: 

This module will provide the parameters for the movement of the ball. The inputs are allowed for Reset i.e. to place the bat at the default position. Pulse buttons are to be used for the movement and switches can be used for changing the direction of the bat movement.

reg [8:0] PaddlePosition;
reg [2:0] quadAr, quadBr;
always @(posedge clk) quadAr <= {quadAr[1:0], quadA};
always @(posedge clk) quadBr <= {quadBr[1:0], quadB};

always @(posedge clk)
if(quadAr[2] ^ quadAr[1] ^ quadBr[2] ^ quadBr[1])
begin
  if(quadAr[2] ^ quadBr[1])
  begin
    if(~&PaddlePosition)        // make sure the value doesn't overflow
      PaddlePosition <= PaddlePosition + 1;
  end 
  else
  begin
    if(|PaddlePosition)        // make sure the value doesn't underflow
      PaddlePosition <= PaddlePosition - 1;
  end
end
Displaying The Paddle: 

Now that "PaddlePosition" value is known, we can display the paddle.

wire border = (CounterX[9:3]==0) || (CounterX[9:3]==79) || (CounterY[8:3]==0) || (CounterY[8:3]==59);
wire paddle = (CounterX>=PaddlePosition+8) && (CounterX<=PaddlePosition+120) && (CounterY[8:4]==27);

wire R = border | (CounterX[3] ^ CounterY[3]) | paddle;
wire G = border | paddle;
wire B = border | paddle;
VGA Display: 

This module should allow for displaying the following on the VGA monitor:

· The movement of the ball based on the outer parameters i.e. from Main Game. 

· Movement of the Bat based on the parameters from the BAT module.

The Project Team also decided on the outline of the display. We decided on a resolution of 640 x 480. 

Nowadays, VGA monitors are multisync, so can accommodate non-standard frequencies - no need to generate exactly 60Hz and 31.5KHz anymore (but if you are using an old (non-multisync) VGA monitor, you'll need to generate the exact frequencies).

reg [9:0] CounterX;
reg [8:0] CounterY;
wire CounterXmaxed = (CounterX==767);

always @(posedge clk)
if(CounterXmaxed)
  CounterX <= 0;
else
  CounterX <= CounterX + 1;

always @(posedge clk)
if(CounterXmaxed)
    CounterY <= CounterY + 1;

CounterX counts from 768 values (from 0 to 767) and CounterY counts 512 values (0 to 511).
CounterX is used to generate HS, and CounterY is used to generate VS.
Using a 25MHz clock, we get 32.5KHz for HS and 63.5Hz for VS.

Now, we generate HS and VS pulses from D-flipflop (to get glitch free outputs).

The pulses need to be active long enough for the monitor to detect them. Let's use a 16 clocks pulse (0.64µs) for HS and a full horizontal line length pulse for VS (768 clocks or 30µs). That's shorter than what the VGA spec calls for but works fine anyway.
reg vga_HS, vga_VS;
always @(posedge clk)
begin
  vga_HS <= (CounterX[9:4]==0); // active for 16 clocks
  vga_VS <= (CounterY==0); // active for 768 clocks
end
The sync outputs need to be negative pulses, so we invert the signals to drive the outputs.

assign vga_h_sync = ~vga_HS;
assign vga_v_sync = ~vga_VS;
Finally we can drive the R, G and B signals. As a first cut, we can use some bits of the X and Y counters to get nice square color patterns.

assign R = CounterY[3] | (CounterX==256);
assign G = (CounterX[5] ^ CounterX[6]) | (CounterX==256);
assign B = CounterX[4] | (CounterX==256);
The Clock Divider Module:

The clock divider dividers the clock by 10.

module clkdiv(inclk,outclk);

input inclk;

output outclk;

reg outclk;

reg [5:0]cnt;

always@(posedge inclk)

if(cnt==0)

begin

outclk<=~outclk;

cnt<=5;

end

else

cnt<=cnt-1;

endmodule
Architecture: 

The high level structure of the system is illustrated below: 

               _______      __________

              |       |    |          |

 User Input-->| Logic |--->| Graphics |--> VGA Output
              |_______|    |__________|

	Device Utilization Summary (estimated values)

	Logic Utilization
	Used
	Available
	Utilization

	Number of Slices
	149
	1920
	7%

	Number of Slice Flip Flops
	107
	3840
	2%

	Number of 4 input LUTs
	270
	3840
	7%

	Number of bonded IOBs
	8
	173
	4%

	Number of GCLKs
	1
	8
	12%

	PONG Project Status

	Project File:
	pong.ise
	Current State:
	Translated

	Module Name:
	pong
	· Errors:
	No Errors

	Target Device:
	xc3s200-4ft256
	· Warnings:
	No Warnings

	Product Version:
	ISE, 8.1i
	· Updated:
	Fri Jun 22 17:11:47 2007

	Detailed Reports

	Report Name
	Status
	Generated
	Errors
	Warnings
	Infos

	Synthesis Report
	Current
	Thu Jun 21 01:57:20 2007
	0
	0
	2 Infos

	Translation Report
	Current
	Thu Jun 21 01:57:42 2007
	0
	0
	0

	Map Report
	Out of Date
	Thu Jun 21 01:54:14 2007
	0
	0
	3 Infos

	Place and Route Report
	Out of Date
	Thu Jun 21 01:54:50 2007
	0
	6 Warnings
	2 Infos

	Static Timing Report
	Out of Date
	Thu Jun 21 01:55:02 2007
	0
	0
	2 Infos

	Bitgen Report
	Out of Date
	Thu Jun 21 01:55:22 2007
	0
	0
	0


Problems Encountered and Solutions:
1. The original code used non ps/2 mouse to move the paddle left or right.
2. The IC that converted the mouse from ps/2 to 2 parallel outputs CD4093 was not available so we had to overcome the problem using two onboard pulse buttons.
3. The paddle was uncontrollable when driven with two push buttons and 50MHz clock, so we had to introduce a clock divider module that divided the clock by 10^6 in order to convert it to 50Hz that is enough for scanning the buttons.
4.  The paddle movement was slow and restricted so we changed the movement speed from one pixel to 35 pixels.


[image: image2]
The original setup used Pluto fpga board with 25MHz internal crystal and a modified mouse to control the paddle movement.
Results and Conclusion:


Various problems were still encountered but these were related more to the streamlining of the game. We tried to use the mouse inputs for the game but this was disregarded later as the game needed non ps/2 mice, which was not possible to implement using a single chip. 


The second problem arose when we tried to implement several functions like smashing. This required a separate Clock input for the game. With a variation in the clock input for the movement of the ball only, this would have been possible. It was decided not to get into those complexities since we already have the game that is difficult enough. Also, it was difficult to use the switches and buttons on the spartan Board. Another possibility would be to use the Key Board instead of the switches on the spartan Board. But this idea came to us quite late and it was decided not to spend more time.


Although it was not discussed earlier, we noticed that the game could be displayed in a demonstration mode. This was noticed while the project members were playing the game. If we put a flag on for the demonstration mode and leave the certain switches on, the game would continue on its own.

The total resources used by the whole project came out to be around 73%.
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