LAB8		(DE1 version)	

Associated Files: DE1.qsf, and CH6_DE1.qar

Exercise:
· Create a new project called “Racquetball” under “lab08”.
· Import “VGA_Animation.vhd” from CH6_DE1_restored and rename it to “Racquetball.vhd”.
· Import other related files from CH6_DE1_restored: “VGA_mem.vhd”, “keyboard.vhd”, “debounce.vhd” and “sevenseg.vhd”. Note: the “sevenseg.vhd” in this archived project is a modified version which no longer supports hex-to-7-seg conversion; also “VGA_mem.vhd” has been modified in previous exercises so make sure you import the original version.
· Use “MegaWizard Plug-In Manager” to copy “VGAPLL.vhd” and “vram.vhd” from CH6_DE1_restored to the “Racquetball” project.
· Import pin assignments, compile and then program the DE1 board. Verify that the design works correctly. A paddle should appear in the middle of the screen and can be moved horizontally via keyboard left and right arrow keys. The down arrow key pause the paddle animation and the up arrow key resumes the paddle animation. Wwitches SW(3:0) control the animation speed, and SW(8:7) control the ball’s color.
· Reduce the effective screen resolution to 80x60 so the demo is more “playable”:
· Modify “vga_mem.vhd” such that :
· paddr <=  std_logic_vector(to_unsigned(vcount/8, 6))
& std_logic_vector(to_unsigned(hcount/8, 7));
· Input “mem_adr” is now 13-bit.
· Signal “paddr” is also 13-bit.
· Use “MegaWizard Plug-In Manager” to edit “vram.vhd”.
· Modify “Racquetball.vhd” (the “VGA_Animaiton” from CH6_DE1_restored):
· Change constant definitions for screen width and height.
· Change signal “mem_adr” to 13-bit.
· Change signals “px”, “x” and “ballx” to 7-bit.
· Change signals “y” and “bally” to 6-bit.
· Change constant “py” to 56. This will move paddle close to the bottom.
· In FSM “main” change every statement related to the assignments of “px”, “x”, “ballx”, “y” and “bally”. Signal “px” should be initialized to 35 instead of 75.
· Re-compile and re-program the DE1 board. Verify that the animation of the ball and the control of the paddle are still correct except for the reduced effective screen resolution.
· Record the hardware usage numbers in the lab report.

Assignment:
In this assignment, we further modify “Racquetball” design from above exercise and turn it to a real playable video game. We may consider this “racquetball” as a one person version of the classical Pong game.

Step 1:
· Modify state “clean0” in the main FSM so the border at the bottom is not drawn. Refer to textbook Chapter 6.3.3 and modify the high-level pseudo-codes describing the drawing of borders and initial paddle. Include the modified pseudo-codes in the lab report.
· Re-compile the design and verify that the border at the bottom is gone. At this point, the paddle is the only thing to stop the ball from exiting the playing field from the bottom.
Step 2:
· Modify the main FSM such that the end-of-play (the ball is no longer inside the playing field). This should be done after the ball position has been updated and before the ball is drawn at the new position. If the new “bally” indicates that the ball has gone, the end-of-play is detected.
· When the end-of-play is detected, enter a newly added state and turn LEDR(0) on. In this new state, the “scan_code” from keyboard is constantly checked. If the “scan code” show that the “Enter” key has been hit, reload ‘x’, ‘y’, ‘ballx’, ‘bally’ and ‘px’ with all their initial values, turn off LEDR(0) and go back to state “clean0”. The “scan_code” signal is from the keyboard interface and is normally checked only by the keyboard handler. In fact, the signal can be shared by the main FSM. 
· Re-compile the design and verify the design. At this point, LEDR(0) is turned on when the ball exits the playing field. Hit the “Enter” key and the screen is reset back to the initial state to resume the game.
Step 3:
· Import the original “sevenseg.vhd” from previous chapter to replace the modified “sevenseg.vhd” currently in the project. This is so we may display hexadecimal numbers.
· Modify the main FSM to tally the number of hits on the paddle. An 8-bit unsigned number is sufficient. This number should be shown on the HEX1 and HEX0. Leave HEX3 and HEX2 off for now by forcing “1111111” to them.
· A hit on the paddle may be checked at state “update10”. When the “dir” is changed, also check if the offending value, i.e. ulv, urv, dlv, and drv, equals to “pcolor”. The other method is to check the current ball position, “ballx” and “bally” against “px” and “py” to determine if the ball hits the paddle. When a hit occurs, increment the tally number by one. Remember to initialize the tally number to zero.
Step 4:
· Modify the main FSM so each player can have three lives by create a new 4-bit unsigned number. This number should be shown on HEX3. HEX2 is still being turned off. This number should be initialized to “0011” or 3 in decimal.
· When the end-of-play occurs, the player’s live is decremented by one. Since we need to check this number, we need to add one more state. When the end-of-play occurs, enter this new added state to decrement player’s live by one, and then go to the new state created in Step 2. In this second state, check if player’s live is 0 already. If player still have live left, stay at this state and do exactly as in Step 2 before. If player’s live has run out, go to a third new state and turn on LEDR(1) as well to indicate the end-of-game. Similar to the end-of-play state, wait for “Enter” key by constantly monitoring the signal “scan_code”. When the “enter” key is hit, re-initialize everything, including player’s live, and then go back to state “clean0”.

· Include the final “Racquetball.vhd” in the lab report.
· Record the hardware usage numbers in the lab report.

LAB8 Report					Name: ________________
																					Name: ________________

From Exercise:
1. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)

From Assignment: 
1. Attach “Racquetball.vhd”.
2. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)












Grade: _____________


Assignment Verified by: ____________________________________	
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