[bookmark: h.p2vucoh13hq5]General

Vertical playfield with many holes.
10 of those holes are sequentially numbered and use hidden LED's to light them up
Only one of the hole LED's will be lit at a time.
Landing ball in lit hole adds number on Bonus counter to current score
The lighting will start with LED 1 and progress in sequence to LED 10 after each successful score.  After 10, things get interesting :)

[bookmark: h.u0yi90hq9bii]Hardware


	Item
	Description

	Play field
	Vertical surface with numerous holes in various locations, with denser placement further towards the top.  10 of these holes are special, as they are used for scoring.  One of these 10 will be lit up to indicate it is the target scoring hole (no other hole will score).

	10 hole LED's
	RGB LED’s, Exactly one will light up to indicate the target hole.  During attract mode these will used in some manner. Potential to pulse through colors when active? Yes.

	10 hole switches
	Applies to same 10 holes with LED’s.  Switch will trigger when ball falls through.  Ball cannot trigger more than one switch. 

	Bar
	A (usually horizontal-ish) bar which moves up/down in front of game play field.  Each side has a barrier to keep ball from falling off the end, but at extreme angles, ball can roll past this barrier.  Movement of the bar is controlled by a pair of 2-way up-down joysticks, one to control each side.  The bar can expand and contract as needed, depending on the angle (thus distance) between sides.  Ball is initially placed on bar at bottom of playfield.  As bar is moved, the ball may fall into any of the holes on the play field.  It will also move on its own under certain conditions.  At extreme angle

	Ball
	A small ball, manipulated by the bar. ⅝” Diameter.

	4 limit switches
	Top and bottom of each side of bar to control bar movement

	Gate Solenoid
	Permits ball to roll onto bar, enabling play.  Will only open when bar is at bottom. - Not used

	Errant Solenoid
	Kicks ball up into channel, leading to oops switch and gate solenoid, so it can be set into play again (if game not over) - Not used

	Ooops/Gate Switch
	Triggered upon ball return.  If no scoring switch or errant switch was fired, then this indicates user hit bad hole.  Also indicates ball is available to be deployed to bar, via gate solenoid.

	Errant Ball Switch
	Triggered just before ball rolls onto errant solenoid area, indicating ball fell off bar, and not in any hole

	Score Display
	A 5-digit display, tracks user score, may also display "ERROR" or "OOPS".  Size is 1in. Colour is green (spec says yellow-green).  16-segment.  We want the display to scroll, “Press Start to Play Space Base” or something to that effect.  Good page to take out of ICB’s book.  Also want full alphabet for hi-score.

	Bonus Display
	A 3-digit counter, counts down to zero.  Count-down pace is not seconds but determined through rules defined below.  Initial value set as per table below.   Size is 1in.  Colour is green.

	Ball Display
	A 1-digit display.  Game starts with 3 (configurable) balls and counts down.  Actual number may vary depending on configuration and difficulty level chosen.  Number may also go up if user reaches certain score thresholds.    Size is 1in. Colour is green.
Show “9” if more than 9.

	Left Joystick
	A 2-way up-down stick which controls left side of the bar

	Right Joystick
	A 2-way up-down stick which controls right side of the bar

	2 Start Switches
	Start switches for one or two players.

	Left/Right servo
	Controls the bar height on each side based on user input via joysticks.

	Tilt sensor
	You don't want to trigger this (the Freescale has an accelerometer built in, which will be used for this purpose).

	SD Card
	Used to store audio files, hi-score table, configuration options, etc

	Audio
	No game is complete without sound effects, some background music, etc.  Will use the DAC pin (PTE30), connected to an LM386 (via pot for volume control).




[bookmark: h.3zglnfo3kmo7]Rules

Attract Mode:  When not in play, the game will cycle an attract mode sequence.  Attract Mode will perform various sounds, lighting sequences, bar movement?, cycle hi-scores, etc.  Attract mode will end when the Start button is pressed.

Start Game:  There are two start buttons which may be used to start the game - one for a single player game, another for a two player game.  On start, move bar to bottom.  Initialize score target to "hole 1", set countdown timer to initial value, assign appropriate movement rate, etc.  Open gate solenoid when ready.

User Input:  Bar is controlled on each side by the associated joystick.  After 10s of no user input, the bar will move automatically (at game start, or any time during play) - as long as the ball is believed to be on the bar (no switches hinting otherwise).

Scoring:  The user scores the value shown on the Bonus display when he puts the ball through the correct hole.  When this happens, we run bonus down to zero really fast, crank score up similarly, pulse all hole LED's from 1 to current-target, select next target score hole, and reset counter to appropriate value.  Countdown timer is now stopped, and begins as per usual rules.

Bonus:  The bonus (countdown) timer only begins after user input, or 10s if no user input.  The rate is defined in table below.
When bonus counts down to 100, background music changes to a panic inducing fast pace track
When bonus counts down to 000, user must hit target for no score but ability to continue.  Lose life otherwise.

Wrong Hole:  When an unlit score hole is hit, restart at bottom (bar moved to bottom automatically, at fastest pace?), timer continues to count down without any other change or reset.  If timer was at 0, lose a life/ball.  For any of the non-scoring holes, lose a life/ball, show "oops", start again if any balls remain (lower bar, etc).

Extra Ball:  At certain scores (4/16/65k, depending on difficulty level) an extra ball is added with much fanfare (or sound effects).


Tilt:  when tilt sensor is triggered, flash score and ball display, (no special audio?), for second occurrence, game over (ball count to zero, bar at extreme angle, etc).  If using RGB LEDS, could flash all red, show appropriate msg on score display (“OUCH”, “WTF?”, “TILT!!”, etc)

Game Over:  When ball display drops down to 0, play appropriate tune, fanfare for high score, etc.  If score puts user on the hi-score table, enable input of name/initials.  Entry allows for up to 5-characters for initials.  The game will save the top 5 high score values and names.  If players score matches an existing score in the high score table, the new high score entry will be shown under any previous scores of the same value.



[bookmark: h.hxjj3rlh9567]Bonus Countdown Timer Values

	Hole
	Bonus/Countdown Timer Value

	1
	200

	2
	250

	3
	300

	4
	350

	5
	400

	6
	500

	7
	600

	8
	700

	9
	800

	10
	999



[bookmark: h.ml8cl8dpp9ol]Countdown Rate and Bar Movement Rate
· Initial: 100/90s, bar movement rate at slow
· after all 10 holes scored: 100/60s, bar movement rate increased to medium
· after all 10 holes scored again: 100/45s, bar movement rate increased to fast
· after all 10 holes scored again, and thereafter: 100/30s, bar movement rate set to max
iirc, that “Ice Cold Beer.exe” game did not drop the Bonus value every second or so, but rather every 10s (very roughly) by 10 or 20 or some other non-trivial value - do we do same?  Or drop by 1 as per timing described above? I would like a constant count down rather than a metered one, I think it will look interesting visually and add some urgency to gameplay. Initially I liked the exe method, but I think a more granular approach provides more replay value, in the “i can increase my hi-score” way.  If bonus drops only every 10s or so, then getting a better score is that much harder. Agreed
[bookmark: h.p95imzpfchs9]Difficulty Levels
Difficulty level is defined by a pair of dip-switches, and is therefore operator selectable:
	Switches
	Difficulty Level
	Details
	Free Ball At

	Off-Off
	Supa Easy
	7 balls
slow servos, slow countdown
no change from level to level

	4,000
16,000
65,000

	Off-On
	Easy
	5 balls
normal operation but no change from level to level
	4,000
16,000
65,000

	On-Off
	Normal
	3 balls
normal progressive play
	4,000
16,000
65,000

	On-On
	Insane
	1 ball
double xtra ball threshold
starts on fastest everything
	8,000
32,000
130,000




For the Operator

Dip Switches
See “Difficulty Level” dip switch settings above
Additional DIP setting, 3’rd switch:

	Switch 3
	Details

	Off
	Two player games take turns after each successful (or failed?) ball

	On
	Two player games take turns each time the ball count drops by 1 (see games rules for conditions that cause this).




POST
Upon power-up, the game executes a “power-on self test”.  Note that not all error conditions are detectable.  Therefore the unit performs certain actions which enable the operator to detect certain conditions.

Operator Detectable Conditions:
· All holes will be lit.  If any are not lighting up, check connectivity, ensure LED is functioning.
· All segments from all (alpha)numeric displays will be lit.  Any segments or whole digits not lighting should be checked.
· The bar will automatically move up and then down briefly.  Lack of movement should be investigated - ensure motors are powered and control lines connected.  Motors should also stop when the bar reaches the bottom limit switches.  If the motors continue, check limit switch connectivity.

System Detectable Conditions:
The following table shows the error conditions detected by the POST routine, and indicated to operator by flashing the red onboard LED:

	# flashes
	Description
	Action

	1
	Lower limit switch detected, even after running bar upwards for a period of time.

	Check that both motors are receiving power and are properly connected to the control line.  Check that limit switches are working and connected.

	2
	Lower limit switch not detected after running bar downwards for a period of time.
	Check that both motors are receiving power and are properly connected to the control line.  Check that limit switches are working and connected.

	3
	SD card failed to initialize.
	Check connection.  Try reading card with a computer or other device to ensure card is functioning properly.

	4
	SD read failure.
	This may be caused by SD card issues, or files may be missing.  Make sure card is readable and that all required files are present.

	5
	Left joystick input detected during POST
	Ensure joystick is not moved during POST.  Check joystick connections.

	6
	Right joystick input detected during POST
	Ensure joystick is not moved during POST.  Check joystick connections.



(n.b. upper limit switches not tested in order to minimize the time it takes to run the POST routine and get the user playing as quickly as possible.  Are there any other things to be checked?)

Configuration File
On startup, the system will look for a file on the SD card called “config.txt”.  If present, this file will override default system settings.  [This will make the “play testing” stage easier - allowing you to tweak values without having to change code.]  There is no error checking on this file, so be very careful with contents.  Any given line of the file must be less than 80 characters.  Lines in excess of 80 will likely cause the system to crash or behave erratically.  Each line contains a single “command”.  Blank lines are OK, otherwise all lines must follow syntax like this:
cmd arg1
cmd arg1 arg2 ...
	cmd=arg1
	cmd=arg1, arg2, ...
(where ... means more args are possible)
Bad lines could either cause problems or be ignored, who knows, be careful.  Values are simple integers unless noted otherwise.

	Command
	Max Args
	Description

	bonus
	10
	Bonus value to start at each hole, first value is first hole, etc.  Default values shown in table above.

	bonusRate
	3
	Speed of bonus counter.  The second and third value are used after all 10 holes are completed the first and second time.  Accepts decimal values, eg for 100/90, specify 1.1111111

	extraBall
	3
	Scoring threshold values which give user an extra ball

	barSpeed
	4
	Bar movement speed, as a percentage of the fastest possible speed.  The four values are: VERYSLOW, SLOW, MEDIUM, FAST as per rules above.  Accepts decimal values

	maxBalls
	 4
	Starting number of balls, for each difficulty level (very easy, easy, normal, hard)

	barSpeedMulti
	 4
	For each difficulty level, the “barSpeed” is multiplied by this value, which accepts decimals.  e.g. Normal difficulty would be 1.0, but Very Easy could be 0.7.

	bonusSpeedMulti
	 4
	For each difficulty level, the “bonusRate” is multiplied by this value, which accepts decimals.

	extraBallMulti
	4
	For each difficulty level, the “extraBall” threshold is multiplied by this value.  (e.g. “hard” is ‘2’)

	increaseDifficulty
	4
	For each difficulty level, as set by the dip-switches, determines if we increase the actual difficulty level each time all 10 holes are successfully hit by the user.  (currently true for Normal and Hard modes).  An integer value of 0 means ‘false’, others are ‘true’.



If less than “max args” are given, defaults are used for the remaining values.  If more, expect serious buffer overflow problems, crashes, strange behaviour, etc.  NOT ALL “commands” need to be in the file, just those for which you wish to alter values.
Example:
	bonusRate 1.111 2.222 3 4
	maxBalls 5 4 3 2
	increaseDifficulty 1

[bookmark: h.7ci7wyjs6dv6]Technical

[bookmark: h.gjdm78nb3vdi]Inputs

10 hole switches
4 limit switches
oops/gate switch
errant switch
2 start switches
2 up-down joysticks (4 switches)
Tilt sensor (use onboard accelerometer)
------
21 inputs, plus tilt sensor


[bookmark: h.xkpetdquplnz]Outputs

10 hole LEDs - RGB.
gate solenoid
errant solenoid
ball display (1 digit)
bonus display (3 digit)
score display (5 digit)
2 servo's
---------
2 basic outputs
30 PWM (ideally) for hole LEDs
+2 PWM (servo's)
4 7-segment displays = 28 outputs
5 16-segment displays = 80 outputs


Other

DAC - audio output
SD Card via SPI (4-pins: MISO/MOSI/CS/SCK)
LM386 amplifier (tied to DAC output, pwr, gnd) + associated resistors and caps
Shift Registers for displays
4/10 Demux or shift registers for Hole lights Q(x3 for RGB)

[bookmark: h.9aod6nui23no]Current Progress and To-Do items

A lot of coding done
· display management bits, assuming use of shift registers (not sure of certain details yet, e.g. chained 74AHC594/595, or single, or the constant-current STP08DP05B1, etc)
· For hole LED’s, could use RGB’s, driven by 3 shift registers (one for each colour), and tie the OE pins (output enable) of each shift reg to a PWM pin.
· bonus countdown, various speeds (counts by 1’s)
· hole switch detection, scoring, bonus ball at key score thresholds, etc
· joystick sensing
· Servos to move bar, tied to joysticks, stop at limit switches.  Auto-move after 10s.
· Accelerometer reads for tilt sensing
· Difficulty level stuff
· Very rough template for attract mode
· Playing sounds, music
· Reading audio files from SD card
Use of non-USB power supply is pretty much a requirement


Testing
- worked out some pin selection issues
- played with accelerometer, this will be used to trigger “Tilt”
- need to fine tune values to be used for triggering the “tilt”
- need to finish coding response to tilting
- swapped Accelerometer library as original was not working well
- See also http://www.freescale.com/files/sensors/doc/app_note/AN4070.pdf
- as per this link, I’ve added interrupt code and removed the polling - tilt will now trigger an interrupt, at which time we can act appropriately (First time all RGB LEDs flash Red, play sound.  Second time game ends.)
- Played with the servo motor, various speed settings, etc - looking good there.  Limit switches also tested and working well - triggers interrupt which stops motor, etc.
- based on various sources, the PWM setting should be 1.5ms neutral, +/-400 (or 500)μs, but I’m finding a +/- of 150μs to be good.  This can tuned later, for now, full range of speed variations is tested and working
	- Played with SD card file I/O - all good on this front, and was able to up the SCK to get good performance, reducing load time and increasing audio quality
	- Played with PWM based audio, built LM386 based amp to up the volume.  It works, but quality not great, will require a lot of cycles, not sure what a real “tune” would sound like, not sure if we have the capability to load off SD fast enough to feed stream, etc
	- Played with DAC based audio - better sound, but will require the LM386, or any form of amplification, unlike the PWM which can drive a pieze or small speaker at modest volume.  Fixed some noise issues, tested various bitrates, optimized code to reduce cycles required, created double-buffered scheme, tested performance of static vs malloc()’d buffers, etc.
	- overcame numerous issues by switching to dedicated power supply, as opposed to driving everything from USB.  Issues included freezing, noise over speaker esp when motors moving, etc.

To-do’s
- Integrated testing with game logic, various switches, lights, etc
- Finalize segmented display circuit
- Define list of audio files, and then hard-code their file-names into the app (could make it configurable as well, as per “config” above, eg “hiscore=holycrap.wav”)
- Considering if all 10 hole switches should also be wired to a pin which can trigger an interrupt - would hate to miss a switch going off in a busy polling loop.  Could also use a 10/4 encoder to reduce pin count.
- is there a “Game Over” light, and/or others? - may not be needed.  I think we won’t figure this out until play testing.  I’d say flash score or go to name entry if high score.  could also play a “Game Over” voice audio thing and appropriate sounds, etc Good idea, a few voice cues could really enhance the experience
- flesh out attract mode and other “fanfare” type events (score, hiscore, all 10 completed, tilt, game over, etc)
- any response to user input (other than start buttons) during attract mode?  Control hi-score scrolling? Good idea, I’d say triggers scroll through high scores.  

Define all sound files.  Currently, the following sounds are used (filenames are just placeholders for now):
	File Name
	Usage/Description

	bg.wav
	Normal in-game background music (to be looped)

	panic.wav
	Faster paced panic inducing in-game background music (looped if need be)

	tada.wav
	Indicates user got ball in target hole

	wrong.wav
	Indicates ball entered a hole with a switch, but not the target one.

	bad.wav
	Ball has found it’s was to the bottom by some other means (e.g. fell off bar)

	free.wav
	Indicates a free ball was awarded

	tilt.wav
	Sounded during first tile (and second? diff. sound for second?)

	attract.wav
	music for attract mode

	gameover.wav
	Plays when last ball is lost and game ends.

	hiscore.wav
	Indicates you’ve got one of the high scores for the game




