PINBALL Fact Sheet

Here are some facts....


The LEGO Pinball Machine consists out of more then 20,000 LEGO bricks and is made out of 99.99% Lego. The machine is 100% operational including:

· Real working Coin-in function

· Earning Extra ball's

· The black hole (Triggers Special Mode and Extra Ball)

· Multiple levels

· Collectable PINBALL letters

· Multiple kinds of activators (Lanes, Hit Targets, Drop Targets)

· Auto-Kickback

· Rotation Bumpers

· Real working Tilt Switch

· Flipper protection program (to protect against abuse)

Operation

When the right coin (50 Euro Cent) is inserted (others are rejected!) the machine will reset itself and the first ball is given. The user then will have to use the kicker to launch the ball into the playfield. 

In total 3 ball are given but there is good chance to earn Extra Balls. When the player has received enough points (500) the Black Hole is opened and the yellow Extra Ball sign will start flashing. The player has then 30 seconds to get the ball in the Black Hole. When he succeeds the extra ball sign will be lit and an extra ball will be given, as soon the ball is lost. The next extra ball chance is given for every 1000 points extra, so at 1500, 2500, 3500 points and so forth.

You will get an extra PINBALL letter when shooting over the upper lane You will have to do this 6 times as both LL's are lit at the same time due to output limitations of the RCX unit (it would cost an extra RCX to lit all seven letter separately). Once all P I N B A LL letters are lit you will enter the Special Mode (red Special lamp starts flashing. The Special will give you 1000 points (and the chance for an extra ball).

Interesting extras are the Rotation Bumpers and the Auto Kickback. The rotation bumpers are activated when they are touched (using a rotation sensor) and give the ball extra speed, angle change and unexpected behavior.  The Auto Kickback wil shoot the ball automatically out of the kickback hole which gives an extra dimension to the game. 

RCX

For those how are not familiar with LEGO, RCX is the LEGO Mindstorms computer. It can be programmed with embedded software and once the program is loaded the program it can run autonomously. There are different ways of programming a RCX using Visual Basic, Java, NQC (Not quite C) and Lego's own graphical programming tool supplied with the RCX-kit. It has 3 analog inputs (10 bits A/D converters) and 3 analog outputs with duty-cycle control to create different output power levels. In the program are touch sensors (analog switches, even with different resistor values so they are stackable), rotation sensors (it counts revolutions on a ax),  light sensors (to measure light levels, and detect some color differentiation) and temperature sensors. Very neat is the fact you can communicate between different RCX-units using IR (Infra Red) messages. This gives endless possibilities and is THE real power of a RCX. 

Technical Issues

In the Pinball machine 13 separate RCX units are used. The reason we need so many RCX units is due to the fact an RCX has only 3 inputs (although most have 2 sensors parallel connected to it) and 3 outputs. We used 50 lamps and 24 motors so every input and output is used to the max. Every RCX unit have the same operation modes which is controlled by the main RCX (we have called this the Game Controller), 4 RCX units have been used for display, 5 + 1 to collect points and one for the Flippers (3 in total) and one for the New Ball mechanism and for the auto kickback.

To drain 2 RCX units powering 34 for lamps for the PINBALL display was to costly (batteries are expensive) therefore we used a 6 channel power driver to switch the power from a train regulator using an electric polarity switch and a motor. The switch has 3 positions, positive, off and negative and because we used the light & sound 4x1 dual lamp we also make use of the blinking mode of this lamp. A touch sensor is used to detect the off position in the middle. 

Internally there are several operation modes:

	Mode 10
	Reset of all RCX-units

	Mode 20
	Demo Mode (everything starts flashing)

	Mode 30
	Tilt Mode

	Mode 40
	Play Mode (first ball)

	Mode 50
	End of Game

	Mode 60
	Continue (after tilt and next ball)

	Mode 70
	Extra Ball

	Mode 80
	Special


The modes are communicated via IR (Infra Red) messages. The Game Controller (GC) broadcasts the operation modes into its communication chamber. The listeners are the Flippers-Driver, New Ball Controller and the Display Controller.

In total more than 180 (out of 255) different message codes are uses to display the right points and showing the right information to the player.

To control 13 RCX units at the same time appeared to be impossible.  The IR communication protocol used in the RCX is like Ethernet. There can be only one sender but there can be many (in practice we have tested this up to seven) listeners. The main problem we faced was that many RCX units wanted to report 'points' to the game controller but at the same time the game controllers needed to control the operation modes like the coin-in process and the tilt interrupt. This resulted in IR conflicts and lost messages. All processes are very important as you don't want to miss a coin-in from the user and when the Pinball Machine is abused the Tilt protection mechanism must also be activated at all times. In the mean time points are collected using 5 separate RCX units broadcasting the points. (Hit Target, Top Gates, Bottom Gates, Rotation Bumpers and Drop Down Targets) and you don't want to miss points, do you.

The solution was both complex as effective. An Point Collector RCX has placed between the Point-broadcasters and the Game Controller. The Points collector is placed in a separate communication chamber. Both communication chambers communicate with each other used a direct feedback loop. The game controller spins a motor a fixed number of revolutions (15,25,35,45,55 or 65, equal to the operation mode + 5, which is measured used a rotation sensor connected to the input port of the game controller) and the Point Collector is counting the revolution and dividing this by 10. (The +5 is to eliminate any uncertainties in the mechanical part). The opposite process is used to communicate collected points to the Game Controller.  

So the Game Controller controls the operation modes like 'Demo and Tilt  in one communication chamber and make sure the game play works. And the Point Collector collects to points in the second communication chamber. Because only one ball is used at the same time we avoid the potential conflicts between the 5 RCX units broadcasting the actual points as the ball can be only at one place a time.

The second big challenge was to overcome the point collected and the points representation. We first wanted to recreated 7-segment LED displays using LEGO lamps like we used for the PINBALL letters. But to make a reasonable sized display of 4 digits (0000-9999) would already require 28 outputs = 10 RCX units. So finally we decided to use a 5-digit (00000-99999) mechanical display plus one 'digit' for status information. Each digit is a cylinder like in a slot machine), this only needed 2 RCX-units. But a mechanical display is very slow compared to the points collected. So it was a real challenge to come up with a system to guarantee that the display and the 'internal' points are equal. 

	Lego
	99.99%
	Except for the ball, some alum-paper in the communication chambers and the paper for the point rolls

	13 RCX units
	all communicating together in 2 communication chambers
	Each RCX unit has a dedicated program

	Program Language
	NQC (Not Quite C)

	Many thanks to Dave Baum and Marc Overmars who did a splendid job creating NQC. 

	Games played
	More than 500 children played a game at LegoWorld 2005
	Location: Zwolle, Netherlands, a Lego event, attracting 48000 visitors in 6 days.

	Weight
	30 Kg
	For transport it can be dismantled in major 3 parts.

	Number of Parts
	+20,000 bricks
	Probably more

	Build Time
	+400 hours
	Probably more

	Design & Idea
	Gerrit Bronsveld
	

	Program
	Gerrit Bronsveld
	Multi State, Multi Tasking Asynchronous Communication Techniques.

	Build by
	Gerrit Bronsveld 

Martijn Boogaarts 
	age 42, Dutch 

age 33, Dutch

	
	
	

	
	
	


Smarties


· Removable RCX-computers for fast battery replacement

· Asynchronous Points Display (display is much slower then points are collected, but it always shows finally the correct value)
· 2 IR (infra red) communication chambers
· Chamber A: 1 RCX (GC Game Controller) talks with 6 other RCX units  (Points Display, Flippers, New Ball, PINBALL display)
· Chamber B: 1 RCX (PC Point Collector) talks with 5 other RCX units
(Top & Bottom Gates, Rotation Bumpers and Hit & Drop Targets)
· Communication between the 2 chambers via Rotation Sensors
· Tilt Switch (simple but effective) to protect the machine for shaking, lifting and pushing.
· Flipper protection, abuse of the flippers is punished by temporarily blocking the flippers
· Real working Coin-In mechanism. Wrong coins are rejected.



Features

· Grand-Slam upper level (lit P I N B A LL letters one by one)

· Three Top Gate (3 lanes)  (1 point each, 10 points for all 3)

· Three Touch sensitive rotation bumpers (1 point each, 10 points for all)

· Three Bottom Gates (1 point each, 10 points for all 3)

· Three Drop Down Targets (10 points each, 50 for all 3)

· Three Hit targets (10 points each, 50 for all three)

· Kicker Door (gives 10 points)

· One Exit Gate with Switch (when special is lit, extra ball+100 points)

· Kick Back function (10 Points)

· Demo mode (everything starts blinking)

· SPECIAL Mode (red Lamp, gives 1000 points)

· Extra Ball function

· Points Display 0 to 99999 (is always correct)

· Tilt Switch

· P I N B A LL letters can be collected (all lit gives special)

· Black Hole (opens and closes automatic for Special Mode and Extra
Ball)

· High-Score function

· Coin Insert function

Used Electric parts

	Quantity
	Element
	Function (s)
	

	13


	RCX 

Computers
	GC Game Controller
	*

	
	
	PC* Points Collector
	*

	
	
	NB   New Ball
	*

	
	
	DA Points Display 

       1-Rol

       10-Rol

       100-Rol
	*

	
	
	DB Points Display 

       1000-Roll

       10000-Roll

       Info-Roll
	*

	
	
	FP Flippers
	*

	
	
	DT Drop Target
	

	
	
	HT Hit Target
	

	
	
	TG Top Gates
	

	
	
	BG Bottom Gates
	

	
	
	RB Rotation Bumpers
	*

	
	
	PX Pinball Display, letter P - I - N
	

	
	
	PY Pinball Display, letters B - A - LL
	

	8
	Light Sensor
	1 in Coin-in Detect

1 in Hole Ball Detect

6 in Grand Slam
	

	13
	Rotation Sensor
	3 in Rotation Bumpers

6 in Display Point Rolls

4 in Communicator 
	

	18
	Touch Sensor
	4 in Tilt switch

7 in Gates

6 in Display Rolls

1 in Ball Out Detection
	

	24
	Motors
	1 in New Ball motor

1 in Drop Hole

3 in Drop Targets

3 in Rotation Bumpers

6 in Points Display

2 in Communicator (Point and Game Mode)

6 in Flipper (2 per flipper)

1 in Auto Kickback

1 Micro motor at shooter door
	

	4
	Train Regulators Transformers
	Power supply for PINBALL Display and Rotation LED's
	

	10 
	Net adaptors
	6 for RCX units

4 for Train Regulators
	

	
	
	
	

	16+34
	Lamps
	2 in Hole

3 in Info screen

7 in Gates

3 in Hit Target

1 in Ball Out detect

34 in P I N B A LL display (switched in 6 groups)
	

	150
	Wires
	More than 100 meter
	

	2
	Rotation LEDS
	Points Motor Movement

Game Mode Motor Movement
	


*) with 9V adapter

