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Summary:
The Budget R2 Control System with Joystick Enhanced Device Input (J.E.D.I.) reduces the total electronics cost of a fully functional R/C droid by integrating and coordinating many functions of a full-featured droid.  The main component is a controller board that coordinates all lights, sounds, and actions of an R2 droid.  The controller can be hooked up to an R/C receiver (for those on a budget… the VEX robotics transmitter/receiver pair cannot be matched… around US $20.00 on Ebay!) or it can be used in conjunction with a P.C. or other microcontroller to control the R2 autonomously, or it can be used stand-alone for a low-cost (budget!) or starter droid to control and coordinate sound, lights, and a dome motor.  In addition to the controller board, the Budget R2 Control System has the Process State Indicator (PSI) boards, the Front Logic Display (FLD) boards, the Rear Logic Display (RLD) board, the Holo-Projector (HP) boards, the MP3 player and Flash Thumbdrive controller (Vmusic2), and 20 characters by 4 lines Liquid Crystal Display (LCD).  
Battery, on/off switch, and fuses/breakers are required but not supplied with the budget system since there is such a large variance in a particular droid’s needs.  Additional electronic components found in a droid could include sensors such as Passive Infra-Red (PIR) and/or electret microphone for people detection and interaction, servos for panel doors and feature actuation, solenoids for effects such as “smoke” or “Fire Extinguisher” generation (or both?), speakers and amplifier for sound, motor controllers, motors for motor drives, limit switches for limiting motor directed movement (dome turn limiting is a common use), battery charger, and about anything else you think a droid should do.  Of course, there is nothing “budget” about a droid with all these features, but the Budget R2 J.E.D.I. Control System can handle controlling and sensing all these items as your droid grows in features over time as budget allows!
One key to this “low-cost” system is using a Parallax Systems Propeller microcontroller to handle all lights, sounds, and action tasks, typically using input from only a very low cost VEX 6-channel transmitter radio.   Using the VEX transmitter, one can use “joystick strokes” to operate all the various lights, sounds, and motions of an R2.  A separate remote is not required, along with the associated switches, relays, wiring, electro-mechanical gizmos, and housings.   These items can add up in cost quickly!  

Another key element is a high-efficiency, high reliability, surge-protected, switching DC-DC power converter for converting 7-36V battery power to up to 6 amps of 5V power (up to 30W!) for driving all displays, servos, small motors, MP3 player, R/C receiver, and the controller board itself.  This eliminates separate batteries for the receiver, control, and servo electronics, as well as the usual other charger(s) for these batteries, and all their associated wiring.  Again, this saves money as well as greatly reducing the number of switches and a lot of wiring headaches in the droid.  Additionally, if these electronics are run off the drive motor batteries, there is the benefit that the droid electronics will always be functional until after the battery voltage has dropped below supporting the drive motors.

A budget control system does NOT mean that it is not full featured.  In addition to reducing cost having a unified controller, all sounds, lights, and actions are completely coordinated and in sync.  For example, playing the Leia message can simply be an “L” stroke on a joystick while pressing a digital channel button (on a Vex transmitter).  The Leia sound is played, the front Holo-Projector (HP) is turned on and flickers as if showing the image, the top Front Logic Display (FLD) shows a progress bar while the message is playing, and the bottom FLD shows an audio frequency spectrum, the Rear Logic Display (RLD) shows arrows directing people to the front HP.  At the end of playing the message (or the R2 operator canceling the command), all lights return to normal operation with a fiber-optic pattern look.  See separate document entitled “J.E.D.I. Commands” for a current list of pre-defined commands (a work in progress, and easily modifiable). 
Another feature of this integrated solution is that new J.E.D.I. commands for defining or sequencing actions can be “scripted”.  For example, to do a fire extinguisher feature could be to define an “F” joystick command to open the upper R2’s arm and then assign a digital R/C channel button to provide on/off spraying control.  Below is an example of a script for this feature assuming assigning VEX transmitter channel 6 “down” button for spray control to high current digital output 3 (to turn on sprayer solenoid) and that servo 14 controls the upper tool arm of an R2:

Fire Extinguisher J.E.D.I. Script Example
PLAY “ALARM.MP3”

‘Play the Alarm sound

SET LOWLIMIT 100

‘Setup variable for use
SET HIGHLIMIT 100

‘Setup variable for use
SET PSI 1 RATE        
‘Set Front PSI to 200 msec rate, even red and blue times 

SET FLD 1, 3          
‘Sets Top FLD to alarm pattern

SET FLD 2, 3          
‘Sets Bottom FLD to alarm pattern

PARK 6             

‘Park the current channel 6 assignments

SET SERVO 12, 90         
‘Set servo 12 to +90 degrees (open top tool arm) 

WAIT 1000


‘Wait 1000 msec (1 sec) for tool arm to open

ASSIGN HCOUT 3, 6, INVERSE ‘Channel 6 to extinguisher solenoid, use down button

WAIT JEDI         
    
‘Wait for new J.E.D.I. or Null command


ASSIGN HCOUT 3, OFF       
‘High Current Output 3 back to default value

SET SERVO 12 0
     
‘Reset servo 12 to 0 degrees (close top arm)

UNPARK 6                  
‘Restore channel 6 assignment to last assignment

RESET PSI 1               
‘Set Front PSI to normal rate 

RESET FLD 1               
‘Sets Top FLD to normal pattern

RESET FLD 2               
‘Sets Bottom FLD to normal pattern

Using simple script commands allows easy additions of J.E.D.I. commands to control all the features on a droid.  The script language reference manual is TBD.  The script language name is also TBD and I’m looking for suggestions!

Interfaces Overview:

The Budget R2 J.E.D.I. Controller board interfaces to the following peripherals:

· Ideally, the VEX Robotics System R/C transmitter/receiver (although other R/C receivers supported).

· Up to 12 PPM Servos/Motor Controllers (3 dedicated for 2 drive motors and a dome motor, 6 may be used as inputs for J.E.D.I. control using non-VEX R/C receiver, otherwise they are outputs for 6 more servo channels and along with the rest are assignable to R/C channels on the fly through J.E.D.I.)

· A low cost MP3 (and WAV) sound and USB Thumb drive controller (off the shelf component: VMusic2 controller by FTDI)

· All three Holo-Projectors (HP’s)

· Both Process State Indicators (PSI’s)

· Both Front Logic Displays (FLD’s)

· Rear Logic Display (RLD)

· 8 digital (5V TTL compatible) inputs (i.e. for limit switches) 

· Up to 8 (TBD) high current digital ground/open outputs to power solenoids/permanent magnet DC motors, (4 (TBD) populated) 

· 8 analog inputs including battery monitoring, sound input
· A Passive InfraRed (PIR) sensor for motion detection
· A 20X4 LCD Display serial interface 
Overview Descriptions of Key Components:
Controller Board

As mentioned in the overview, the controller board has at its heart a Parallax Systems Propeller microcontroller.  The Propeller microcontroller is particularly adept at multi-tasking because it contains 8 32-bit microprocessors, each running at 80 MHz internally!  The Propeller chip was specifically designed to provide this high-speed processing for embedded systems while maintaining low current consumption and a small physical footprint. In addition to being fast (160 MIPS in aggregate), the Propeller provides flexibility and power through its eight processors, called cogs, that can perform simultaneous independent or cooperative tasks.  By assigning one cog to lights, one to sound, one to R/C receiver channels decode, one to servo outputs control, one to sensor and analog inputs,  one to coordinate J.E.D.I. commands, and one to housekeeping, a lot of work can be accomplished simultaneously!  This leaves one spare processor… it is being reserved to handle TTL-level PWM outputs for the two drive motors and dome motor in the future (however, the controller PCB has a place for these outputs!).

Propeller Block Diagram (Showing 5 of 8 Cogs)
[image: image1.emf]
Servo / Motor Controller Outputs
There are 12 standard servo / motor controller outputs on the controller board, each using a three pin header with +5VDC, GND, and the Pulse Position Modulation (PPM) output signal.  Although +6VDC is the standard voltage for servos, I have found that the +5VDC works very well and there is little loss of servo holding strength.  In fact, many servos are rated at +5VDC as well as at +6VDC because it has become so popular to run the servos at +5VDC.  The first three outputs are to be used for the right drive motor, left drive motor, and dome motor respectively.  Note that when using a VEX transmitter, channels 1 and 2 can already be mixed so that a single joystick drives the droid.  The rest of the PPM outputs can be used for panel doors, HP movements, tool arm movements, power coupler actuation, etc.  The servos are generally assigned to a transmitter channel through a J.E.D.I. command stroke.

MP3 and USB Flash Thumbdrive Interface
A low cost MP3 sound and USB Thumb drive controller called the VMusic2 by FTDI is interfaced with a TTL signal level, serial RS232 full-duplex interface.  The VMusic2 device is a self-contained unit suitable for panel mounting inside the droid that provides a full featured MP3 player chip and a full featured USB interface chip.  The Budget R2 J.E.D.I. controller board sends commands for reading files from the USB Flash Thumbdrive, play sounds and songs from the Flash Thumbdrive, and writes a log of commands executed and status information to the Flash Thumbdrive. 

Analog Inputs (AI’s)
There are a total of eight analog inputs on the controller board.  However, two are dedicated to monitoring the battery input voltage and the +5 Volts D.C. switching supply output.  The other 6 are not dedicated, but several have been conditioned with specific uses in mind:

· 1 - 0 to +24VDC input for possible charger voltage monitoring 

· 2 - -0.5VDC to +0.5VDC inputs for possible drive motor current monitoring

· 1  - electret microphone input for sound monitoring (or recording, someday!)

· 2 – 0 to +5VDC inputs for other analog inputs such as potentiometers used for positional feedback to control motors as servos (i.e. a dome motor used as a servo). 
The six available analog inputs are each available on a dedicated 3-pin servo-style header.  The mic and the two 0-5V inputs are wired with GND, +5VDC (through 10K ohm series resistor), and Analog In.  The other three only have GND and Analog In connected.

High Current Digital Ground/Open Outputs (DO’s)
There are up to eight (TBD) high current digital ground/open outputs to power solenoids or small permanent magnet DC motors, with four of them (TBD) initially populated on the controller board.  Each of these outputs can sink up to 1 amp of current back to battery ground.  These outputs are usually assigned to a transmitter channel through a J.E.D.I. command stroke. 
Digital (5V TTL compatible) Inputs  (DI’s)
There are eight 5V TTL compatible inputs with 1K series resistance and a 100K pull-up resistor to 5V provided on the controller board. These inputs can be used with momentary switches to provide limit switches for controlling travel of motor controlled features such as dome rotation limits or periscope extension limits.  Two inputs could also be used to provide droid handler inputs through the commonly used dome “buttons”. 
Passive InfraRed (PIR) Sensor input 

A standard 3-pin servo header (again!) provides the connection of a PIR sensor so that a droid can sense motion up to 25 feet away.  The Budget R2 J.E.D.I. Controller uses the PIR sensor when in a Demo or Sentry modes to “wake up” and provide stimulus (sound, lights, etc) appropriate to the mode.  It also can be used in R/C mode to automatically control the dome and HPs to free up the operator from having to attend to such things.

Holo-Projectors (HP’s)

Three HP boards are provided with the Budget R2 J.E.D.I. Control System and are driven by the controller board through three standard 3-pin servo headers.  The HP boards each have a high-intensity white LED that are turned on or off by J.E.D.I. commands or based on specific effects such as playing the Leia message, short circuit, scream, or alarm, or dependent upon a display mode such as turning on front HP when in Sentry mode. 

Process State Indicators (PSI’s)

Two PSI boards are provided with the Budget R2 J.E.D.I. Control System and are driven by the controller board through two standard 3-pin servo headers.  During “normal” display operation, the PSI’s emulate the red/blue or green/yellow patterns with a transition time with both LEDs on to give the effect of the color filter change from the original screen R2s.  The time each color is on and the transition time is programmable to customize a droid.  In addition, the PSI’s also change patterns in sync with different effects such as short circuit, alarm, scream, or even while playing the imperial march music!  

Front Logic Displays (FLD’s)

The Budget R2 J.E.D.I. Control System also includes two full-function Front Logic Display boards that can produce a myriad of patterns and effects and can even display messages!  The FLDs are each made up of 3mm white LEDs in a 9 by 5 array (45 LEDs each).  During “normal” display operation, the LEDs are slowly turned on and off in a random fashion to emulate a fiber optic FLD effect.  The two displays are controlled by a single controller so that the displays are always in sync in producing displays.  The two FLDs share a controller that communicates by TTL signal level, serial RS-232 standard at 9,600 or 19,200 baud via a standard 3-pin servo header.  Two additional three pin headers provide +5VDC power for the FLDs. As with the PSI’s, the Budget R2 J.E.D.I. Controller sends commands that allow the FLDs to display patterns that are in sync with different effects such as short circuit, alarm, scream, or playing music.  Also, scrolling messages can be sent to the displays to provide status or feedback, or just for a special effect.  
Rear Logic Display (RLD)
The Budget R2 J.E.D.I. Control System also includes a full-function Rear Logic Display that can also produce a myriad of patterns and effects.  The RFLD is made up of 3mm white LEDs in a 24 by 4 array (96 LEDs).  During “normal” display operation, the LEDs are slowly turned on and off in a random fashion to emulate a fiber optic RLD affect.  The RLD has a controller that communicates by TTL signal level, serial RS-232 standard at 9,600 or 19,200 baud via a standard 3-pin servo header.  Two additional three pin headers provide +5VDC power. The Budget R2 J.E.D.I. Controller sends commands that allow the RLD to display patterns that are in sync with different effects just like the FLDs.  However, the RLD does not support scrolling messages because only 4 dot columns can’t produce legible characters.
20x4 Character LCD Serial Status Display Output
To keep the cost of the Budget R2 J.E.D.I. Controller down, the LCD display is not required… however, it is highly recommended.   The display used  provides a wealth of status information such as battery voltage, analog input states, R/C receiver channel information, servo position states, MP3 player status, J.E.D.I. cursor feedback (discussed elsewhere), and more.  The display communication link is a TTL signal level, serial RS-232 standard at 19,200 baud via a standard 3-pin servo header (there is a theme here… these servo extension cables are very low cost and abundant!).  The connector provides +5VDC, Ground, and the TTL serial output.  

In the future (early 2008?), I hope to offer a wireless digital serial link extension using ZigBee modules ($19 apiece) to have the LCD display at the transmitter. That way, all droid status will be at your fingertips… literally!
 Software 
The main element of the software is the ability to command the droid to perform a myriad of tasks without the need for anything more than a very low cost VEX transmitter/receiver.  This is accomplished using a control method coined Joystick Enhanced Device Input (J.E.D.I.).  This interface uses digital channel inputs from the transmitter to “release” momentarily one of the joysticks to allow inputting a joystick “stroke” command.  On a VEX transmitter, the digital channel inputs are the four buttons on the back of the transmitter that are ergonomically placed to be easy to press while holding the transmitter.  The stroke commands activate a feature, a task, a sound, a song, a lighting style or sequence, or assign a transmitter channel to a feature.  It is best to see the separate document entitled “J.E.D.I. Commands” for a current list of pre-defined commands to get a better sense of what can be done.  

Another element of the software is to perform R/C control tasks.  R/C can either be fully enabled, allowing the droid handler to move the droid and perform J.E.D.I. commands, or in a J.E.D.I. commands only mode, preventing the droid from moving (good for static display purposes).  Droid movement can only be enabled by a sequence of J.E.D.I. commands, so a random person who stumbles upon the remote cannot make a 200+ lb robot move!  The software also “filters” the received channel inputs so that commands to servos are “cleaner”.  This is done by decoupling the received channel inputs from the servos so that the servos are ALWAYS receiving correct PPM commands at the proper 20mesc intervals.  This filtering effectively keeps control of the droid even if only one proper received PPM command from the transmitter is received every second.  If no commands are received after one second, all servos are returned to their initial states, and motor controllers are commanded to turn off (Safe State).   This can happen due to RF interference, or if the droid wanders out of radio range.
Another feature of the software is to control robot actions “interactively” when the droid is in a “Demo” mode for display.  While in this mode, a PIR sensor and/or electret mic can be used to allow the droid to move the dome and “talk” to people nearby.  In this mode, random sounds are played, HPs are moved, Front Logic Display patterns are changed, and panel doors can open/close.  Even if there is no PIR sensor or mic attached, random sounds and motions will occur at a frequency that can be defined by the droid handler.   

Lastly, there is the “housekeeping” code that monitors voltage and all the other sensor inputs and sets all the outputs including all high current outputs and lights (actually LEDs) such as PSIs, HPs, FLDs, and RLD.  When the input voltage dips below a set level, then the servo and motor controller outputs are placed in safe state until the battery is recharged.  This allows some time for the droid operator to shut off the droid, prior to losing the controller functionality.  Housekeeping also includes displaying status such as voltages, the sound that is playing, the J.E.D.I. command being inputted or executed, etc. on a 20 characters by 4 lines LCD display.  The LCD display also shows the start-up process and reports any faulted or non-connected equipment such as MP3 player missing or faulted, missing FLD or RLD, etc.

Note that the FLDs and RLD are communicated to using RS232 (@ TTL-level voltages) full-duplex protocol that is compatible with Dave Everett’s FLDs (however, voltage translation would be required).  Using the FLDs of the Budget system has a much wider range of functionality however, including many pre-defined patterns. 
One last highlight of the software to mention is that there is an initialization file that is read from the Flash Thumbdrive on start-up to set-up what equipment is attached, and to assign all the J.E.D.I. command strokes.  This file has the name “Startup.txt”.  If it does not exist, or there is no Flash Thumbdrive attached, then default values are used that give quite a bit of functionality given that “standard” inputs and outputs are used.  
Startup.txt Example
PLAY “STARTSOUNDS.MP3”
SET FPSI 3000, 1000      
‘Set Front PSI initial times (msec)  

SET RPSI 3000, 1000      
‘Set Rear PSI initial times (msec)

SET PSI_TRANS 250          ‘Set PSI transition time (msec)
SET TFLD RANDOM          
‘Set Top FLD to random pattern

SET BFLD RANDOM         
‘Set Bottom FLD to random pattern

SET CHANNEL 1 1520         ‘Set Initial channel 1 center value

SET CHANNEL 2 1520         ‘Set Initial channel 2 center value

SET CHANNEL 3 1520         ‘Set Initial channel 3 center value

SET CHANNEL 4 1520         ‘Set Initial channel 4 center value

SET CHANNEL 5 1520         ‘Set Initial channel 5 center value

SET CHANNEL 6 1520         ‘Set Initial channel 6 center value

OFFSET SERVO 1 10         
‘Set servo 1 offset to 10 microseconds  

OFFSET SERVO 2 -8         
‘Set servo 2 offset to -8 microseconds  

OFFSET SERVO 3 23         
‘Set servo 3 offset to 23 microseconds  

ASSIGN SERVO 1 1           ‘Assign Servo 1 to Channel 1 (Right Drive motor controller)

ASSIGN SERVO 2 2 INVERSE   ‘Assign Servo 2 to Channel 2 inverse (Left Drive motor controller)

ASSIGN SERVO 3 4           ‘Assign Servo 3 to Channel 4 (Dome motor controller)

.

.
.
Components:

                            Projected Prices:

	Component
	Parts Kit
	Assembled*

	Budget R2 Controller
	$100.00
	$150.00

	2 Front Logic Displays + 2 PSI’s + 3 HP’s
	$85.00
	$115.00

	Rear Logic Display
	$60.00
	$75.00

	VMusic2 + 20X4 LCD + Mic + PIR Sensor
	$85.00
	$85.00

	Complete Set:
	$330.00
	$425.00


Notes:

1.) All projected prices are in US dollars.
2.) Prices are NOT final.  Dependent on final design and quantity.

3.) U.S. Shipping fees will be set to fixed cost to ship in U.S. Foreign shipping costs will be actual costs per order.

4.) All payments will be through Paypal.
5.) * Assembled includes testing but does not include installing LEDs on PCBs for the Front and Rear Logic Displays (FLD’s and RLD).  There are 45 LEDs per Front Logic Display and 96 per Rear Logic Display.  100 LEDs are supplied for the front, and 100 LEDs for the back, to account for DOA and mishandling.

Included:
The kits or assembled prices include all components on the boards.  The miscellaneous components bundle includes VMusic2 wire harness. All assembled components are tested.  Full component documentation will be provided and will include schematics, wiring diagrams, theory of operation of each component, and datasheets of all parts utilized.  Method of documentation delivery is TBD.
Not Included:
· Eleven servo extensions for hooking up PSI’s, HP’s, and Logic Displays to Budget R2 Controller.  Two servo extensions for LCD and PIR sensor hookup.  These can be purchased from most hobby shops, or from www.Parallax.com.  They come in different lengths, so the lengths needed depend upon how far away the controller board is mounted.  

· Other wiring as needed such as battery power and receiver hook-up (VEX receiver hooks up to provided modular connector using cable supplied with VEX transmitter/receiver kit).
· Breakers or fuses.  There should be a fuse in-line with the battery to the controller board of no more than 5 amps.  There should be fuses in-line on the high current digital ground/open outputs of no more than 1 amp.
Warranty and Repair Policy






DOA

If a purchased assembled component is determined to be Dead On Arrival within 15 days of date of delivery, it will be repaired free of charge.  Shipping/duty/taxes will be reimbursed for sending component back for repair.  Since all assembled components will be tested prior to shipment, this situation should be rare.
90 Day Good Faith Warranty
Warranty is limited to 90 days from the date of delivery for purchased assembled components that fail under normal operating conditions.  The components will be repaired at a price of $25.00 plus parts cost and shipping/duty/taxes.  Normal operating conditions does not include incorrect battery polarity; mechanical excessive stresses due to mishandling, dropping, or bending; mechanical or electrical modifications; excessive electrical  stresses including using incorrect fuse or breaker values, incorrect sensor connections, incorrect or too large of motors on high current outputs, Electro-Static Discharge (ESD), shorting damage; excessive thermal stresses due to improper ventilation or cooling, submersion in any fluid; and any unauthorized repairs.


I give no other warranty; either expressed or implied, and disclaim all other warranties, including warranties for merchantability, fitness, or infringement.  This warranty is not transferable.  In no event shall my liability exceed the buyer's purchase price, nor shall I be liable for any indirect or consequential damages, injury, or death incurred through the use or misuse of these components.


Note that these components assume the user is reasonably experienced with electronics and is aware of ESD and can take proper precautions and can connect fuses, LEDs, motor controllers, motors, solenoids, relays, servos, sensors, and power without causing damage.  If you have no or little experience, make sure you get help from someone with experience in these matters, or do not attempt to use these components.  I will not be responsible for components that are damaged due to any circumstance including ESD, incorrect wiring, or failure to READ and UNDERSTAND all the documentation provided about the components BEFORE hooking things up and turning on the power.  Please double check all of your wiring prior to attaching a battery!  If you have any questions, e-mail me and I will try and respond promptly.
Legal Stuff
All PCB artwork, non-open source software, and this documentation are copyright by Scott Gray.  Replication or reproduction in whole or in part is strictly prohibited without express written consent from Scott Gray. 

Pricing, hardware specifications, and software for these components can and will change without notice and I will not be liable for any changes.

