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Introduction
We followed the design of the given idea to create a LED ‘ping-pong’ game.  This option offers a level a difficulty and creativity that the other options do not offer. Below the circuit design and planned implementation is documented.
Design Specification
The below state diagram depicts the simple logic to which our circuit is designed:








The circuit will be designed under the following assumptions:

a) After any point and when the circuit is initialized either side should be able to serve the ball.

b) The returner, which must hit the ball during while the last LED is on, should not be required to hold the pushbutton down in order to return it.

c) If the returner attempts to hold down the button in order to return it, the ball should not be returned.

d) The game will be a 15 point game, and the score will automatically reset upon reaching 15.

e) The circuit should operate in reverse logic to compensate for the XESS protoboard.

We will accomplish this by dividing the circuit into three different regions:
DIRECTIONAL CONTROLLER: Will be responsible for the illumination signals of LED’s and interpreting any input from the protoboard.  It will also be responsible for sending various signals to the other regions.

BAR LED CONTROLLER:  Will be responsible for the actual illumination of LED’s that the user sees.  After a point is scored, it will illuminate the scorers side with 4 of the LED’s.

SCORE CONTROLLER:  Will be responsible for keeping the score and illuminating the 7-segment displays.  Once reaching 15 points, the score counters should reset to zero as to indicate the start of a new round.

To explain how this follows our design, we will walk threw a simulation of the circuit:

· After LHIT or RHIT is engaged, a signal is sent to the direction flip flop will reverse its current value.  At the next positive edge clock cycle, the respective RHIT or LHIT signal is loaded into the shift through the bus line.
· Once loaded in the shift register, sequential clock cycles will move the signal through the 8-bit ‘barrel’ to which the LED’s are connected.
· When the last LED is lit, the value of 1 has transversed to the other side of the register, a signal is sent back to the directional controller to allow the respective returner to return the ball. Then, if the respective RHIT or LHIT is engaged, it will simulate a positive edge clock cycle will reverse the current bit in the direction flip-flop.  Successive clock cycles then move the value of 1 back in the bi-directional shift register in the opposite direction.

· If the ball had failed to be returned, the value would be pushed out of the shift register.  This signal, which is an NOR of all the LED signals, acts a positive edge to a clock, which will increment the counters.  The counters outputs are connected to the 7-segments LEDs.  The signal will also tell the directional controller that a user may serve the ball again.

Other parts of the circuit also perform integral functions.  For instance the logic labeled ‘FIXED FREQUENCY CONTROLLER’ on the schematic provide a 15 Hz frequency which is scaled down by the use of a counter.  The score enabler exist so that the initialization of the device does not trigger a increment in score, which would occur if it were not present.
Test Plan Outline

I. Serving Scenario

a. See if a simple a ‘serve’ works.  The LEDs should illuminate sequentially from the respective side of the BAR LEDs.

b. After the last LED goes from ON to OFF, the respective opposing sides LED’s should all light up, indicating it has scored a point.

c. Simultaneous with (b), the score should be incremented for the server.

II. Serve Return Scenario

a. Following the same procedure in (I) to serve.

b. When the last led on the server’s opposing side is ON press the server’s returner’s button to return the ball.  The button should NOT need to be held down.

c. The ball should procede in the opposite direction back towards the server.

III. Exhaustive Test

a. Following the produces outlined in (I) and (II) play a game up to 15 points.  Once the 15th point is reached, the game is finished and the score should reset to zero.

IV. Cheating Test

a. Using the procedure in (I) to serve the ball, attempt to return the ball by holding down the pushbutton before the last LED is illuminated.

b. The ball should NOT be returned and the server should score.
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Attachments

A) MAIN Schematic

B) LED Macro Schematic

C) Functional Simulation of MAIN
Conclusions

The circuit now needs to be implemented on the protoboard to verify functionality.  The only expected problems would be in relation to gate delays which could cause glitch in the part of the circuit which utilize other parts of the circuit as a clock, as opposed to the clock itself. This lab and course, in whole, has been very interesting and educational with the  design process and implementation of digital logic.
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