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Abstract
	
Tony Soprano: “Waste Management” (A.K.A. Tony, A.K.A. TSWM) is an autonomous robot who can navigate himself through a messy environment, avoid obstacles, search for various kinds of recyclables, sort the recyclable, and store the recyclable by its classification.  When Tony finds a recyclable or article of junk (AJ), he will navigate toward it, avoiding obstacles along the way.   Tony will then position himself in front of the AJ and pick it up. While Tony has the object, he will classify the object as being  glass, aluminum, or plastic. The proper bin will open and Tony will release the object into it. Then, Tony will resume his search.  
Articles of Junk are classified as being aluminum, plastic, or glass.  Each class of junk has its own respective bin for storage.  From the front of the robot, the first bin is for aluminum cans, followed by glass bottles, and finally plastic bottles.   The method of classification is an array of five reflectance sensors.  Tony can classify and store all three types of recyclables. 
	Tony Soprano: “Waste Management” has potential applications at landfills, special events, recycling plants, and any other environment that requires the collection of unorganized recyclable material.  



Introduction
	
As every year passes, the concern over waste increases steadily.  The term ‘green’ has never been more popular.  Individual people & society as a whole have been grossly polluting this planet for over a hundred years with little regard to the consequences.   The lands have been graffiti-ed with litter.  Drive down any street and you’ll find plastics bottles, aluminum cans, and glassware covering our countryside.  Even if this garbage is hauled away by your local garbage man instead of littered, it is taken to a dump or landfill; left to rot with no future use in sight.  With every passing day the problem just gets worse.  There is more and more dump and soon we won’t have any place to put it.  The people are finally concerned.  Their mindset has finally changed.  The world is crying out to be saved.  Never fear sweet Mother Earth, leave it to Tony Soprano: “Waste Management” to aid in your rescue.  
	The Tony Soprano: “Waste Management” Project is the development of an autonomous robot that can maneuver itself through a messy environment in search of articles of junk.  The project includes the design, assembly, and testing of the robot in a closed environment setting.  By pure coincidence, the Tony Soprano: “Waste Management” Project is very similar to the 2009 IEEE Southeastern Conference Hardware Competition, so many of the guidelines in that competition have been followed.  This includes the use of constrained dimensions of the articles of junk: standard Coca-Cola brand soda cans, soda plastic bottles, and soda glass bottles.  
	The remainder of this final report consists of the project specifics of the robot: Tony Soprano: “Waste Management.”  This includes a description of the integrated system, the mobile platform, actuators, sensors, behaviors, and experimental plans.
	









Tony Soprano: “Waste Management”
Project Specification


Integrated System

	The brains of the design are centered about the Atmel AVR ATMega128 general-purpose microprocessor; the command and data handling subsystem.  The ATMega128 is used to control all elements of the robot including the navigation subsystem, the classification subsystem, the collection contraption subsystem, and a feedback LCD screen.  The ATMega128 consists of 64 pins featuring 6 general-purpose I/O ports, two USARTs (including SPI), an analog comparator, 10-bit ADC, eight PWM channels, a real-time counter, two other timers. 
	


	Figure 1: Electronics of robot: including motherboard, motor drivers, batteries, and reset/power/light board


The development board was designed by University of Florida’s own: electrical engineers Mike Pridgen and Thomas Vermeer.  The voltage regulated development board includes the ATMega128 microprocessor, six switches, six 8-bit port headers, six special servo headers, 1 LCD header, an RS232 header, an ADC header, and a JTAG port for programming.
The remainder of the system consists of 3 subsystems: the navigation, the classification, and the contraption subsystems.  The navigation subsystem consists of two dc motors to move Tony and SONAR and IR sensors to detect & avoid obstacles and to detect articles of junk.  The classification subsystem consists of an array of five reflectance sensors in order to classify the type of article of junk retrieved by Tony.  The contraption subsystem consists of two servo motors used to pick up an AJ and two servo motors to sort AJ’s.




Mobile Platform
	
	

	Figure 2: Mobile Platform (12" x 12" x 0.5")


The mobile platform is a 0.5” block of plywood.  The dimensions are 12” x 12” with notches for the wheels and the grabbing mechanism. The platform houses the processor boards, the dc motor driver board, the optocoupler board, the battery packs, and the two-wheel with castor navigation system.  It also serves as the foundation for the hauling bed and the AJ contraption.  The processor board is mounted towards the front and the hauling bed is attached in the rear.  The AJ contraption is to be located in front of the hauling bed.  
The final status of the mobile platform is COMPLETE.


Actuation

The Locomotion Subsytem:	
	

	Figure 3: 5A Dual DC Motor Driver Board


The navigation subsystem consists of 2 wheels and 1 plastic ball castor.  The wheels are powered by DC motors purchased from lynxmotion.com.  They are gear head motors operated at 12 Vdc.  They have a 50:1 ratio, are capable of rotating at 152 rpm, and have 6mm shafts.  The motor driver board was purchased from robokits.com and can supply each motor with up to 5 amps of current.  
The motor driver board was not enough to interface to the ATMega128, though.  Since optical isolation was desired for sustainability and reliability, a separate opto-coupler and multiplexer board was designed.  That board consists of four opto-couplers to isolate the four inputs to the driver board from the ATMega128.  And, the board consists of 2 multiplexer ICs to control the direction of rotation of the motors.  The opto-coupler/multiplexer board was designed using Altium Designer and was manufactured at my home in Gainesville with the assistance of David Tietz.  Together, we designed the board, printed the design on photo-paper using a laser-jet printer, ironed the image onto a one-side copped board, and then used chemicals to eat away at the exposed copper.  It turned out beautifully! 
	[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\S3010120.JPG]
	

	Figure 4: Opto-coupler/Multiplexer Board



	

		
	[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\wheel disassembly.JPG]

	[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\wheel assembly.JPG]

	Figure 5: DC Motors & Wheels


	
The midterm status of the Locomotion Subsystem is COMPLETE. 
The Lid Method:
Two actuators are used to control the cover lids in the hauling bed that ensure proper sorting.  If the first lid is open, the recyclable will fall into the can partition.  If the second lid is open and the first lid is closed, the recyclable will fall into the glass partition.  If both lids are closed, the recyclable will fall into the plastic partition.  Two Hitec HS-81 micro servos are being used to control the bins.  The lids are shown in Fig. 6 below. 		 
	[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\SDC10102.JPG]

	Figure 6: Lid Servos mounted to hauling bed


The final status of the Lid Subsystem is COMPLETE. 

The AJ Contraption:
	[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\SDC10104.JPG]


	Figure 7: preliminary dozer and servos


	The AJ contraption consists of a dozer and a grapple.  The dozer is controlled by a Futaba S5301 servo which has 292 oz/in of torque which replaced the FUTM0045 servo because it didn’t have enough torque (124 oz/in) to lift the dozer arm.  The dozer is used to carry and lift the junk into the bins.  The image to the right in Fig. 7 shows the dozer arm and shutter.  The shutter is the device used to haul in the recyclables.  It is controlled by a Futaba FUTM0043 servo which has 72 oz/in of torque. 
	Once an object is in front of the robot, the shutter will activate and haul the recyclable into the dozer.  The dozer arm will then lift while the shutter holds the recyclable.  Once the lift is complete, the recyclable will drop out and roll into its proper bin.
The final status of the Contraption Subsystem is COMPLETE. 



Sensors

SONAR Array
Three sonar modules are used to navigate the robot to the AJ’s.  The modules selected are Maxbotix LV-EZ0 and LV-EZ4.  They provide distance measurements of objects from the robot.  There are two EZ0’s which provide a wide beam and there is one EZ4 which provides a narrow beam.  The three sonar modules are mounted in line at the end of the shutter with the narrow beam sonar module in the middle.  They are positioned so that there is some overlap among the sensors so position can be determined. This turns the distance measurement into a distance vector which aids in the localization of the AJs.  Tony distinguishes a recyclable from the boundaries of his environment by waving his shutter and taking SONAR readings at different levels of the shutter.  Tony can find recyclables well, but still can’t approach them well enough to my satisfaction.  As a result, in demonstrations, I must aid him.  The SONAR array is integrated to analog ports on the MSP430 microcontroller and the sensor data is relayed to the ATMega128 via serial communications.
The final status of the sonar module integration is 95% COMPLETE. 

	Sonar Testing

	 
	Shutter Height

	Dist. (ft)
	Level 1
	Level 2
	Level 3
	Level 4

	8
	C8
	C8
	C1
	C8

	7
	A6
	A4
	A9
	A8

	6
	91
	8E
	91
	91

	5
	7C
	79
	78
	78

	4
	60
	5E
	61
	5C

	3
	49
	4A
	43
	45

	2
	2F
	2F
	28
	2F

	1
	14
	1b
	16
	19

	0.5
	17
	0E
	10
	0E

	0
	C4
	BD
	C5
	11



	Sonar with Can in Dead Center

	 
	 
	Shutter Height

	Dist (ft)
	SONAR
	Level 1
	Level 2
	Level 3
	Level 4

	3
	L
	5A
	5A
	47
	1E

	 
	C
	E1
	DC
	45
	4B

	 
	R
	26
	21
	25
	24



Bump Sensor
There is a bump sensor on the rear-side of the robot. The bump sensor is simply a switch connected to two general-purpose I/O ports.  The internal pull-up resistors on the port allow a simple integration to the PVR board.  The bump sensor is used to calibrate Tony at the beginning of a demonstration and to avoid obstacles during a reverse maneuver.
The final status of the bump sensor integration is COMPLETE. 

IR Sensors
There are four SHARP IR sensors; two located at the ends of the dozer arm and two on each side of the robot.  There purpose is for collision avoidance.  They were integrated to the 4 analog input ports of the ATMega128 microcontroller.  
The final status of the IR sensors integration is COMPLETE. 
SPECIAL SENSOR:
Reflectance Sensor Array
Reflectance Sensors are primarily used for line following in robotics, but since cans, plastics, and glass pass light differently, this device can be used to differentiate between cans, plastic bottles, and glass bottles.  An array of 5 reflectance sensors, mounted on the shutter, take analog voltage measurements when the shutter is closed.  The cans, bottle caps, and wrappers yield a much lower voltage than a plastic or glass material.  However, plastic and glass yield values much different than free space.
The final status of the special sensor integration is COMPLETE. 
[image: C:\Documents and Settings\Owner\My Documents\School\Machine Intelligence Design Lab\Pictures & Video\S3010185.JPG]

Behaviors

State Description:
Tony Soprano “Waste Management” will autonomously navigate himself through a closed environment avoiding obstacles and searching for articles of junk.  
When he finds an AJ, he will approach it, orientate himself properly about the AJ, and grab it.
He will classify the AJ into one of two to three categories, then lift it, and drop it in the proper storage bin.
He will then return to state 1.
Final progress of behavior:
	Tony searches his environment in a CCW spiraling scheme.  If he detects a recyclable, he approaches it while aligning himself.  Depending on the distance he is from the recyclable, changes the rate (speed) at which he approaches the recyclable.  Once Tony finishes his approach, he ‘blindly’ drives forward and captures the recyclable by closing his shutter.  If he successfully grabs the recyclable he enters a classification mode.  If he doesn’t, he opens his shutter and tries again.  Once in the classification mode, Tony reads his reflectance sensors by sending a serial command to a MSP430 microcontroller that samples the sensors.  The MSP430 is the controller that actually determines the classification.  If there is nothing, he returns a ‘N’.  If it is a can, he returns a ‘C’; if a plastic bottle, a ‘P’; and if a glass bottle, a ‘G’.  The ATMega128 receives this character along with other sensor data and opens the lids accordingly.  Then, Tony lifts the arm.  Once the arm has been lifted, via gravity, the objects roll out into their appropriate bins.  Tony raises his shutter and lowers his arm.  He then resumes the search.
Drawbacks: Tony doesn’t approach the objects very well and once he gets too close, he has to go at them ‘blind’.  At the demonstration, there were power issues causing Tony to reset after a successful storage.  
The final status of the behavior is 90 % COMPLETE. 


Bill of Materials

	Product Type
	Part#
	Supplier
	Vendor
	Unit Price
	# of Units
	Total

	AVR Programmer
	
	
	MicrocontrollerShop
	$59.95
	1
	$59.95

	Ball Caster
	3/8"
	Pololu
	Pololu
	$2.99
	2
	$5.98

	ball caster
	1/2"
	Pololu
	Pololu
	$3.99
	2
	$7.98

	Battery Holders
	4AA
	Radioshack
	Radioshack
	$1.79
	4
	$7.16

	Cans & Bottles
	
	Coca-Cola
	Publix
	$4.00
	3
	$12.00

	Dual Motor Driver
	RKI-1004
	Robokits
	Robokitsworld.com
	$12.00
	1
	$12.00

	Expanded Metal
	
	
	Home Depot
	$9.37
	3
	$28.11

	Gear Head DC Motor
	GHM-132
	
	LynxMotion
	$29.95
	2
	$59.90

	Green Dot Sumo Tire (pair)
	TSR-031
	
	LynxMotion
	$15.75
	1
	$15.75

	Home Depot Materials
	
	
	
	$18.38
	1
	$18.38

	IR Sensors
	
	SHARP
	sparkfun
	$15.00
	4
	$60.00

	L-Brackets
	
	
	Home Depot
	$9.56
	1
	$9.56

	Metal Sheet
	
	Zell's
	Zell's
	$6.36
	1
	$6.36

	Microcontroller
	ATMega128
	Atmel
	Thomas Vermeer
	$105.00
	1
	$105.00

	Microcontroller
	MSP430F1232
	TI
	sparkfun
	$15.00
	1
	$15.00

	microphone
	
	Olimex
	sparkfun
	$7.95
	1
	$7.95

	Misc Parts
	
	sparkfun
	sparkfun
	$33.70
	1
	$33.70

	NiMH 10 Batteries & Charger
	Energizer
	Best Buy
	$55.21
	1
	$55.21

	NiMH 6 Batteries & Charger*
	Energizer
	Walgreen's
	$9.00
	1
	$9.00

	Nuts & Washers
	
	
	Home Depot
	
	
	$0.00

	Plywood*
	
	
	Home Depot
	$4.00
	3
	$12.00

	Reflectance Sensors
	QTR-1A
	Pololu
	Pololu
	$3.49
	5
	$17.45

	Screws
	
	
	Home Depot
	$6.60
	1
	$6.60

	Screws
	
	Zell's
	Zell's
	$6.60
	1
	$6.60

	Servo
	FUTM0045
	Futaba
	ServoCity
	$32.99
	1
	$32.99

	Servo
	FUTM0043
	Futaba
	ServoCity
	$22.99
	1
	$22.99

	Servo
	31081S00
	Hitec
	ServoCity
	$17.49
	2
	$34.98

	Servo
	S5301
	Futaba
	ServoCity
	$85.00
	1
	$85.00

	Servo Extension Cable
	ROB-08738
	sparkfun
	sparkfun
	$2.95
	3
	$8.85

	Sonar
	LV-EZ4
	Maxbotix
	sparkfun
	$27.95
	1
	$27.95

	Sonar
	LV-EZ9
	Maxbotix
	Pololu
	$26.95
	2
	$53.90

	Styrofoam
	
	
	Michael's
	$6.50
	2
	$13.00

	Styrofoam
	
	
	Michael's
	$5.00
	1
	$5.00

	Switches
	SPDT SW
	Radioshack
	Radioshack
	$3.09
	1
	$3.09

	Thermistor
	SEN-00250
	sparkfun
	sparkfun
	$1.95
	1
	$1.95

	Threaded Rod
	
	
	Home Depot
	$1.50
	2
	$3.00

	Universal Hub (pair)
	HUB-021
	
	LynxMotion
	$8.00
	1
	$8.00

	Weather Strip
	
	
	Home Depot
	$3.97
	1
	$3.97

	Wire
	75' #20 solid
	Radioshack
	Radioshack
	$7.99
	1
	$7.99

	Wood - Birch Baltic
	
	
	Michael's
	$4.03
	1
	$4.03

	Wooden Dowels
	
	
	Michael's
	$1.99
	2
	$3.98

	
	
	
	
	
	TOTAL
	$892.31




Experimental Layout

Design the platform and navigation subsystem
Finalize to two or three wheels	 						
Construct the platform								
Mount the wheels and motors							
Design the sonar and IR system							
Design the AJ Contraption subsystem
Finalize the configuration of the subsystem: Boom and Claw vs. Front-End Loader w/ Grapple										
Finalize configuration of release/sorting: Free Fall Method vs. Lid Method	
Design the classification subsystem
Determine the classification system I want to utilize				
Design from there								
Design the detection subsystem
Individual SONAR testing							
SONAR array testing								
SONAR alignment testing							
SONAR approach testing							
SONAR detection testing							
As should be expected, but explicated stated here:
	Each subsystem was designed and completed independently.  Then an iterative approach was taken to fine-tune each subsystem to interact best with the others.


Conclusion (Goals)
	
Tony Soprano: “Waste Management” is able to sort three classes of recyclables with a high degree of accuracy (≈ 90 %+).  Tony was able to successfully recognize the presence of recyclables, but had difficulty approaching them properly.  The algorithms got so complex that collision avoidance, at times, was abandoned.  Tony was able to lift its arm, but only after all metal components were exchanged for nylon and when the wooden parts were retrofitted with strong, but lightweight replacements.  Tony’s swirl method for patrolling his environment was very effective, although not scene on demo day.  
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