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Abstract

The objective of this project is to design and thah autonomous lawnmower to compete in the
7™ Annual ION Robotic Lawnmower Competition in Beauwexek, OH in June 2010 [1]. The
purpose of the competition is to design and opexatébotic unmanned lawnmower using the art
and science of navigation to rapidly and accuratebw an irregularly shaped field of grass
containing both, moving and static obstacles. Desagpd construction of the autonomous
lawnmower required integration of several microcolgrs and sensing subsystems, each of
which adds a different control element to the rabdtive system. The project is also intended to
complete the senior design requirement of the BackeDegree in Electrical Engineering of the

University of North Florida.



Introduction

The main challenge of this project is to desigmlaotic navigation system that operates without
physical bounds in the area defined by a white threg defines the perimeter and irregularly
shaped static obstacles. During initial design mpilag, a global positioning system (GPS) was
considered as an attractive navigation systemhisiidea was abandoned due to high cost of the
system of sufficient accuracy. There are three ativjes to designing the autonomous
lawnmower project: efficiency, affordability, andaptability. The lawnmower must be able to
cut a lawn effectively by requiring a minimal amowf energy, user interaction, and time in
addition to meeting the design requirements, thataower should also be economically viable

for mass commercial production.
The design of the robot is divided into severalanaubsystems, namely:
Navigation system
Obstacle detection system
Microcontroller network system
Mechanical system

Power control system



Product Description

The autonomous robotic lawnmower with dimensiors¢ih X 72 cm x 122 cm (length x width
x height), is equipped with multiple sensors andduies in order to provide successful
navigation as required by the ION competition gfedd. The GPS module would seem the best
solution for outdoor navigation; however, it's rminsidered in the current design because of the
high cost of a reliable and accurate unit. The gddimning algorithm relies on the use of dead
reckoning using white lines and static objects astp of reference. Four linescan cameras
provide effective white line detection and a thegitdi compass determines the orientation of the
robot with up to 2 degrees of accuracy. Two grasght detectors differentiate between cut and
uncut grass. Four ultrasonic sensors allow thetrtbdetect static objects in the front or to the
sides. The central logic unit effectively manades microcontroller network through SPI (Serial
Peripheral Interface) communication by reading dla¢éa from “slaves” and then transmitting

commands to the driving motors.

The motion of the robot is achieved through thelem@ntation of differential drive. This uses
two separate 12 V, 1.5 A (no load) DC motors progreed to rotate the wheels in both
directions in order to turn. Each motor is equgppath a quadrature encoder and a position
controller which allows an easy serial interfacéwany microcontroller. Two lead-acid 12 V, 17
A batteries in series supply power to the drivimgl dlade motors which provide approximately
40 minutes of cutting time. The electronics are @@ad by a 14 V lithium-ion battery. Most of
the components require 5 V to function properly an&CB (printed circuit board) for each
system is equipped with a voltage regulator in otdeprovide the correct operating voltage for
the electronic components. In order to protecteleetronics from the magnetic field developed
by the blade motor, a copper mesh is used as a eodethe PCBs are positioned 20 cm above
it. Due to high sensitivity to magnetic fields, trhdigital compass module is elevated

approximately 110 cm above the blade motor.



Division of Labor

Table 1below outlines the division of labor between teamnmbers for this project. All work

was distributed in equal parts depending on theptexity of each subsystem.

% un



Bill of Materials
The total project cost and the itemized componentts for the autonomous lawnmower are
listed in Table 2.

Bill of Materials for Autonomous Lawnmower Project
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Design
The robotic lawnmower is designed for participatiothe advanced category of the

competition. The obstacle course layout is displdyelow:

Non-square sides (could be any side in Zone 1) Safety Buffer (2 m min buffer)

«—— 10 m (approx.) —— ¥

F 3
2 m (min)
h

F 9

Flowering Static Obstacle,
—Irregular Shape,
15 em min vert. border

8 m (approx.)

— Cutting Field, Zone 1

>Zone 3 (Edge Zones)
y

2.4 m (min)
Cutting Field, Zone 2

e

Possible location of
moving obstacle-

trajectory may vary.

(Dimensions Given White Picket Fence

in Appendix B) (Dimensions Given in
2.4 m (min) Appendix C)

The design of the autonomous lawnmower is diviaged several main subsystems as shown in
Figure 2. The robot contains multiple sensors, nesland subsystems which are managed by a
central microcontroller. Every subsystem contaimsieroprocessor that allows running multiple

tasks at the same time and involves programminglweae installation and PCB (printed circuit

board)..
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(Rasem)
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Mechanical System Design

In order to minimize the mechanical design and tanson of the lawnmower robot, two
commercial Black&Decker lawnmowers are used fotpaa Cordless Mulching Lawnmower
CMM1200 and an Electric Mulching Lawnmower CMM2#0o%/n in the Figure 3 below. The
blade skirt and the blade are used from CMM275tardblade motor, batteries and charger are
used from CMM1200. The shape of the robot is keptlase to circular shape as possible in
order to improve the turning radius. Figure 4 arglfe 5 show the first completed model of the
lawnmower structure with the differential drive sar® and a swivel height adjustable caster on
the back.

The circular shape improves the robot’s maneuvktylind enables it to turn with zero degree
radius. This design of differential motor drivecalls the robot to complete more precise turns.
The original motor mounts 6 inch wheels are remlasgh 9 inch wheels with inflatable tires in

order to better support the robotic structure aetgit. The motor shafts are modified manually

to fit the wheels.
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The batteries for the blade motor and the driviggteam are two lead-acid 12V DC in series,
each of which supplies up tol17 A of current, sed@atdery that allow the operation of the robot

for up to 1/3 of an acre in one charge, or aboutdutes. The batteries recharge to 60-70% in 4



hours and to 100% in 10 hours. At start, the lawweroinitial surge current is 28 A and at
steady state the current surge drop down a rand4-@6 A depending on the thickness of the

grass. The motor for the wheel initial surge iswtldet A and then it drops to about 5 A.

The motor used for the lawnmower is 24 V, 1200Wherent magnet DC motor that came with
the CMM1200 lawnmower. The motor is covered withNWhols 100 copper wire mesh to
reduce the electromagnetic interference (EMI) toatld possibly affect the robot electronics and

Sensors.

The housing for the robot is designed to be weapheof in order to be able to operate under
slightly inclement weather conditions includinghigain. Some of the sensors are positioned in
close proximity to the grass, therefore, they amqeted from grass debris and dust with plastic

housing as carefully as possible.

Line Detection System
The line detection system is one of many subsystemshe robot that has evolved through

developing and testing. Originally, the line dei@ttsystem consisted of three color sensor units.
Each color sensor unit was comprised of Avago’'s BEsB71-QR999 four channel integrated
light to digital converter (Red, Green, Blue, andedat) interfaced with an ATMegal68
microcontroller. The cost effective Avago color sers were originally chosen for the line
detection system because of their ability to discre smallest differences between visible
colors, such as salmon and metallic salmon. These leawide sensing range of 100 lux to
100,000 lux and, therefore, were applicable in mdifferent light levels by varying the gain
settings. The first line detection module was desibin such a way that the color sensors could
detect a light reflected from a surface by reqgidooth the light source (four ultra bright LEDS)
and the color sensors to be positioned approximatél mm above the ground surface. Although
this system was successfully developed and tesiedcari indoor line following robot, the
recommended sensor distance from the media suifaepproximately 2.55 mm. Thus, this
system is impractical for reading a non-planar awef such as grass. FiguresBows the
recommended positioning for the Avago’s ADJD-S3MR99; Figure Bhows the first revision

of the line detection system using the three Avegior sensors to detect a white line indoors;
and Figure 8shows the corresponding block diagram for the hie¢ection system with the

Avago’s color sensors.
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Other candidates that were considered for detethi@dporder included a webcam that requires a
microcontroller with more processing power or @$ioan camera that reads a 1x128 pixel array
and outputs an analog signal, which does not reqaimore powerful processor. By having
affordability is one of the main objectives of thabot, the next ideal candidate for the line
detection system was a linescan camera. Figure®wssthe Parallax TSL1401 Linescan Imaging
Daughterboard used for the second revision of ihe detection system. The TSL1401-DB
consists of a TAOS TSL1401R 128-pixel sensor chtph & 7.9 mm focal length imaging lens. It
allows a microcontroller to capture images for eaibn by producing an analog data output
that has voltage levels corresponding to the ligtensity at each pixel. There are many other
potential applications for the linescan camera.hwhie proper algorithms, the linescan modules
can also be used to measure height, width, diaatelr thickness; locate objects, lines, edges,
gaps, and holes; count items; measure conveyorragee determine volume, shape, and
orientation; and read barcodes.

The line detection system consists of four linescamera modules mounted all four sides of the
robot to detect the spray-painted white line on ghass. Each linescan camera module is a
TAOS TSL1401 R 128-pixel line array sensor thatpatg an analog intensity signal for each
pixel to an ATMegal6 microcontroller’'s analog tgitkl converter port, ADCO to ADC3. Every
linescan camera module is packaged as a TSL140@iddBhterboard that consists of a TAOS
TSL1401R 128-pixel line array sensor and an inftafitered lens. The TSL1401 chip is
actually composed of a single row of 128 photodetscthat provides a visual effect similar to
peering through a narrow crack of a partially ogkdeor to see a thin slice of what lies behind
it. Figure 10 illustrates this effect and Figure i$lthe resulting analog intensity curve output.
Note that not only are the edges of the bagel hachole in the middle observable but also the

intensity variations caused by the seeds and loerlis surface, as well.
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This module runs on 3.3V to 5V at less than 5 mAl atlows its host system to see in one
dimension. Thus, a two dimensional vision can gas#l achieved by moving either the subject
or the sensor along the perpendicular axis to¢hse@. The 7.9 mm lens provides a field of view
equivalent to the distance between the camera hedgtound. The TSL1401R is a light-

integrating device that acts like a photographim,fiwhich means that the brightness of the
captured image is proportional to the exposure timimtegration time. Figure 12 is the second
revision of the line detection system using theaPax linescan camera module mounted on the
front left hand corner of the robot. The programgninterface to the Parallax linescan camera
module is discussed in the Programming the AtmelJgGection under Interfacing the Parallax

Linescan Camera to the ATMegal®6.



Grass Height Detection System
The grass height detection system consists of fler#le sensors mounted above the height of

cut grass. The two flexible sensors mounted orfribre left and front right of the robot detect
uncut grass relative to the position of the robptréferencing to a flexible sensor mounted on
the top of the robot. The flexible sensor that mumted on top serves as a control that the system
uses to compensate for resistance variations daentoent vibration, temperature, and overall
noise. Figure 13 shows the Images Scientific Xiflke cylindrical cord used for the grass height
detection system. Each flexible sensor is an Im&gpentific 2” flexible cylindrical cord that

changes its resistance when stretched.

$2 - 3/
When relaxed, it has a nominal resistance of 1.0 ger linear 2.5 cm. Its resistance is
proportional to the length that it gets stretcheok example, when the sensor is stretched to 1.5
times its original length, its resistance approxeha doubles to 2.0 k per 2.5 cm. It is
applicable for measuring stretch, displacement, famde. For the grass height system, each

flexible cylindrical cord is stretched 7.5 cm a@asith its hooked electrical terminals on each



end bolted to a flat parallel surface. The anakmjstance readings from the sensors are then fed
into the input of the AtTiny24 microcontroller's @og to digital converter port, ADCO to
ADC2. Figure 14 demonstrates the grass height tietesystem using three Images Scientific
2" flexible cylindrical cords. The programming inf&ce to the Images Scientific stretch sensors
is discussed in the Programming the Atmel MCUs isecunder Interfacing the Images
Scientific Stretch Sensors to the AtTiny24.

Programming the Atmel MCUs

Interfacing the Parallax Linescan Camera to the ATégal6

The ATMegal68 was chosen to interface with the lRaréinescan cameras to make the second
revision of the line detection system due to highember of available ports. The linescan
camera operates with a 5 V source at 5 mA. Thymillaup resistor of 5 k is required for the
ATMegal6 microcontroller operating at 5 V. The pagming interface to the linescan camera
is a 3-wire serial bus that consists of a digitatpoit to the sensor (SI), digital output to the
sensor (CLK), and an analog pixel input from thewsee (AO). The Sl line begins a
scan/exposure, the CLK latches the SI and clockspikels out, and the AO is the voltage
intensity output of 128 pixels. Images can be aeguifrom the TSL1401R in two ways:
continuous and one-shot. The difference betweetiremus and one-shot is that in continuous
mode, the Sl pulses are in a steady stream duaoly exposure interval and in one-shot mode,
the Sl is pulsed the first time to receive a gaebagtput and pulsed the second time after the

desired exposure time to get a valid image. Fidireshows the feedback waveform when the



linescan camera is in continuous mode and Figurshbsvs the feedback waveform when the

linescan camera is in one-shot mode.

Clock out scan n-1 Clock out scan n
Integrate scan n Integrate Scan n+1
&l 1 1 M
CLK oy i i I L L
1 2328 EBTES1D 125 1 2328 EBTESID 128
Tri- Tri- Tri-
Stated Statad Statad
AQ
o # (!
Clockout garbage
IDLE Integrate scan Clock out scan IDLE
&l - I
CLK [ | Nl L.

1 128 1 284856784810 123

6 (# 0 (!
The ATMegal6’s datasheet was consulted while iatémfy the linescan cameras with the
ATMegal6. Since the analog feedbacks from the damescameras need to be converted to
digital for processing, the section on Analog tgiil Converter in the ATMegal68’s datasheet
provides the details for this implementation. Thegpam first initializes the microcontroller for
IO, SCI, and ADC. Next, the MCU acquires ADC datani the front middle linescan camera
and averages the data until a white line is dedlecklis indicates that the robot is leaving the
safety zone as it enters the playing field. Thba,MCU enters into a continuous loop while the
MCU checks the front middle and back middle camefathe robot's front or back is

approaching the border.

For the loop, first, the MCU acquires ADC data frtme right front linescan camera and checks
for a white line. If a white line is detected, thiECU continues to average the inputs and returns

the position of the robot relative to the line i@ tcentral control logic unit. If there is no white



line detected, the MCU acquires ADC data from #fefront linescan camera and checks for a
white line. If there is a white line detected, MEU continues to average the inputs and returns
the position of the robot relative to the line he tcentral control logic unit. Figure  shows a
flow chart that demonstrates the algorithm of tmegpam used for the TSL1401R linescan

camera module as the line detection system.

e

Interfacing the Images Scientific Stretch Sensdsthe AtTiny24
The AtTiny24 was chosen to interface with the Ing@eientific stretch sensors to make the

grass height detection system because it is aef@sttive chip with ADC ports. A pull-up
resistor of 5 k is required for the AtTiny24 microcontroller toeyate at 5 V. The AtTiny24’s
datasheet was consulted while interfacing thedtre¢nsors with the AtTiny24. Since the analog
resistance readings from the stretch sensors mebd tonverted to digital for processing, the
section on Analog to Digital Converter in the Aty24's datasheet provides the details for this



implementation. The program first initializes thecrocontroller for 10, SCI, and ADC. The

program enters into a continuous loop by first awgg ADC data from the top (reference)

stretch sensor. Next, the MCU acquires ADC datenftiee right stretch sensor and subtracts the
data from the reference. Then, the MCU acquires Ald@ from the left stretch sensor and
subtracts the data from the reference. FinallyMi@&J determines through average whether the
left or right stretch sensor deviates more from risference and returns the results to central
control logic unit. Figure 18 is a flow chart thdgmonstrates the algorithm of the program used

for the Images Scientific 2” flexible cylindricabd as the grass height detection system.

e

Digital Compass Module
In order to ensure accurate autonomous navigatismessential for the robot to have a sense of

direction. The digital compass module is used tostantly read the orientation in a two

dimensional space. The digital compass used imptbject is Honeywell HMC6352 and it is a



fully integrated compass module that combines 2-amiagneto-resistive sensors with the
required analog, digital, microprocessor and athors required for heading computation. The
module provides a direct heading angle to the sea2® using iC 2-Wire Serial Interface.

Temperature compensation and calibration featuredailt in, as well as, protection against
stray magnetic fields. For a better heading angle digital compass was mounted

approximately 1 m high away from the magnetic febd the blade motor.

Figure 19 illustrates the connection diagram betwtbe Basic Stamp 2p40 microcontroller and
the digital compass Honeywell HMC6352. The modwdeds to be connected to power, ground,
1°C data, andC clock.

VoD j ) m o

spa [[8pn 0 SDA 1 VDD
2 (V2 pin 1 SDA 2 g NG
:run GHD 3 45CL
als

-

Microcantroller

-+ (8&6%*
The digital compass requires calibration every titme autonomous lawnmower is placed in a
different location to reduce the impact of erraonfr various sources. The digital compass is
installed perpendicular to the surface measuring barizontal gravitational field components

of the Earth’s magnetic fields.

The communication protocol of the digital compasmelywell HMC6352 is via’C. Negative
binary values are in two’s complement form. Theadéfsettings of the compass in a 7-bit slave

address is 42(hex) for write operations, or 43(Hexjead operations.

All data transfers are initiated by the master B&tiamp 2p40 device which is responsible for
generating the clock signal, and the data transfe¥s8 bit long. After each 8-bit transfer, the
Basic Stamp 2p40 generates'actbck pulse, and releases the SDA line.



Data transfer begins with the Basic Stamp 2p4Qngsiine start sequence followed by the digital
compass address byte. The address byte contairBgited compass address; the upper 7 bits,
and the least significant bit (LSB).

The LSB address byte chooses if the operationread (LSB=1) or a write (LSB=0). Then, at
the 9" clock pulse, the compass will issue the ACK (or®. Next, the Basic Stamp 2p40 will
send data bytes for a write operation or the slalldransmit back data for a read operation. All
bus communications are terminated with the masgenmng a stop sequence.

Figure 20 illustrates a timing diagram with an eyp#rof a master commanding of the compass

in slave mode into sleep mode by sending the “®iroand.

| START I 0 1 [ 0 o 1 0 | ACE | o 1 o 1 0 ] 1 1 ‘ ACE I STOP
A

Illl| *AI_.LFF*—%I_?_I_*_I:—HI%ILI%—F?‘IJI T T
S o N 1 S N 4 1 O |
RTINS 1 O O e |
5_SDA | L |1 1

42(hex) g
Write to This I"C Address Command
"o/ ( !

The command protocol of the digital compass HondlyilC6352 responds to a certain set of
command bytes, sent in hexadecimal ASCII charactetsle 3 illustrates the list of commands.

Command | Argumenti1 | Argument2 | Response 1 | Response 2
Byte Byte Byte Byte Byte

ASCII (hex) (Binary) (Binary) (Binary) (Binary) Description
w (77) EAEdZI?eCs’r’V] Data Write to EEPROM
r(72) %ZI;CS!FP\-‘I Data Read from EEPROM
G (47) A?(ﬁg; Data Write to RAM Register
9 (67) A Data Read from RAM Register
3(03) Enter Sleep Mode (Sleep)
W (57) Exit Sleep Mode (Wakeup)
0 (4+) Update Bridge Otfsets (S/K Now)
C (43 Enter User Calibration Mode
E (45) Exit User Calibration Mode
L (4C) Save Op Mode to EEPROM

= - Get Data. Compensate and

A1) MSB Data LSB Data Calculate New Heading




Object Detection System
The obstacles detection system is designed to asidral static and moving obstacles on the

grass field. The static ones are represented byrragular shaped flower bed with plastic

boarders 15 cm high and not more than 5 m in dieamatd by a white fence in one of the

corners of the course. The moving obstacle is atemontrolled toy on Figure 21 which is

going to approach the robot from the front at aegpaot more than 2 km/hr. The robot is

allowed to bump into static objects but the posnts deducted if the object visibly moved after
the collision. The robot is not allowed to bumpitihe moving obstacle and it is required to stop
in safe distance from it.
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The obstacle detection system consists of four M#axbultrasonic sensors. This type of
ultrasonic sensor measures distance to objectsdaguning the time period that occurs between
the transmitted and reflected 42 kHz sound wavesé&lsensors are available in different beam
configurations and have capabilities of reading dh&ut via serial communication, analog-to-
digital conversion or measuring the pulse width chhis used in the present project. The range
of the sensors varies from 10 cm to 6 m accordine voltage supply of either 3.3V or 5 V.



In order to avoid collisions and detect the floviked and the fence, the three narrow beam
ultrasonic sensors are installed on both sidestlamdront at the level of approximately 12 cm
high. A sensor with a wider beam is positioned loa front of the robot approximately 30 cm
high for moving object detection. The object datectsystem is controlled by a Freescale
MC9S12C32 microcontroller which constantly sendsbit8-commands to the *“brain”
microcontroller if there’s a static or moving olfjen the preset range. The microcontroller is
equipped with 8 MHz clock and 16-bit counter whadlows reading the pulse width from the
ultrasonic ranger by capturing the rising and iglledges of the microcontroller clock and using
the counter to measure time between them. The Cad&Ww compiler is used to flash the

microcontroller.

The maximum range for the ultrasonic sensors israqipmately 6 m or 600 cm and the
conversion rate for the Maxbotix sensor is 58 us qre; therefore, in order to measure the
maximum distance a 34.8 ms pulse width is requiveédh the 8 MHz MC9S12C32 clock it is
possible to measure a pulse width only up to 8rh82r use interrupts to count how many times
the counter overflows. However, this microcontmol@s a feature of dividing the clock using
the prescaler and, it is pre-scaled by 8 to 1 Midthis project. The maximum pulse width that

could be measured with a 16-bit counter and 1 Midekcis:



According to the calculations above, a 16 bit ceuimt combination with 1 MHz clock allows
distance measurement up to 11.3 m and the minimeeded is approximately 6 m; therefore, it

is a convenient clock speed for the present apgmica

The pulse width is initially calculated based oncomeled readings directly from the
microcontroller's counter and after each measurértfencounter is reset to zero. The distance

(in cm) to the object is obtained using the follog/iexpression:
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The algorithm for the moving object detection isdéed in the segment of the flow chart
shown on Figure 25 and it is executed for the toptfsensor. Because the robot is constantly
moving, all static objects are moving relative lte sensor with the speed equal to the speed of
the robot. The robot approaches objects at a conspeed rate and the sensor keeps ranging at a
constant rate. The algorithm is set up to moniersudden changes between sensor readings. If
there is an obstacle in the front, it can only e fence or the remote controlled toy. Assuming
that the speed of the robot is 1 m/sec and the unement is taken twice a sec, the robot detects
the object 3 m ahead, the sensor ranges twice @tdasts the values. After 1 sec, the robot
should be 2 m from the obstacle if it is static #uifs a moving object, then the distance will be
less than 2 ft.

The sensors on the sides and the lower one onrehé dre used for static obstacle detection
only. The front one is used to avoid collisions amdet up to alert the “brain” when there’s an

obstacle in the range of 1 m and the robot has tiimtern. The side sensors are installed in order
to detect the flower bed and the fence. If one selesor is on, the flower bed is on that side or
the robot is moving away from the fence. If oneesg#nsor and front sensor is on, the robot
approaches the fence. Depending on the readings thhe sensors, the robot makes decisions

about the direction of motion.
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Safety System
The emergency stop feature is one of the main reaugints of the competition to ensure the

safety of the device. Both manual and remote emesgstop systems have to be installed on the
autonomous lawnmower. The remote stop should heated if the robot loses control and
heads outside the field. The remote emergency sygpem must be functional for on field
operation plus 10 m in all directions. The manuakegency stop could be activated any time
necessary if the robot loses control. The manuatrobis implemented using an e-stop push
button switch mounted on the autonomous lawnmower & activated, the power supplied to

the drive motors and the blade motor is interruted the robot is completely stopped.
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The remote emergency stop feature is based on &ko(frequency). The transmitter unit is a
key fob that contains a Nordic nRF24L01 radio andAdtiny24 microcontroller. A 3V, 250
mAh Li-lon battery is used to power the transmitti@it. In addition, the transmitter has five
programmable buttons. When one of the buttonsassad, the microcontroller is activated and it
transmits the 16-bit command associated with th®bwand then the microcontroller returns to
an idle mode. The testing showed that the transomssange for the transmitter unit is

approximately 40-50 m and drew a 4 pA average otirre

The transceiver nRF24L01 and Module with RP-SMA ased as a receiver unit to obtain the
maximum RF range needed. It has a polarized SMAetor which resolves the RF range issue
initially experienced with another module. It haghe pins for the interface with other devices:
Vce, GND, IRQ, CE and four SPI communication pi&SQN, SCK, MISO, and MOSI). The
RF24L01 chip is powered with a 3.3 V DC. The MO8 gtands for “master out, slave in,” and
from both the microcontroller's and the 24L01's g&ctives, the master is the microcontroller
and the slave is the 24L01. This is because thevwecmodule never sends data without first
being requested by the microcontroller. The magétiny24) sends data to the slave (24L01).
The MISO pin stands for “master in, slave out,” g@fhmeans the slave sends data to the master.
In addition, data is sent in both ways but on s#fgalines. The SPI data rate is set to 2 Mbps.
The CSN (chip select not) pin is active-low, andkept high. The 24L01 begins listening on its
SPI port for data once this pin is low. The CEsgdito control data transmission and reception.
Since the nRF24L01 and the module are used asweeanit, CE is kept high to allow the chip
to receive packets. The nRF24L01 module operatasate of 2.4 GHz.



The receiver mmdule interfaced with an ATtir24 microcontroller consistg of 14 pins and
divided into Port A and PoB. Port A is n 8- bit bidirectional 1/0O port (PA-PAQ) with
internal pull-up resistordMoreover, Port s has alternate functions as anaioguts for the ADC
(analog-todigital convertor) and SPI which are both utilized acconplishing the wireles
emergency stop system. P& is a «bit bi-directional input/outpuport (PB-PBO0) also with
internal pull-up resistors. Thempon Port AO wa programmed so that once the receiver rle

communicated with the ATtir84, a power MOSET connected to a few relays from the

disabled the blade motadFigure 25 showsa block diagram that illustrates the functionaluty

wireless control.
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)* Wireless Control Block Diagram

The transmitter unit sends an analog si to the receiver module’s antenna. The ATtiny24
on the receiver converts analog to digital and sefata to the ATtiny24 microcontrollwith
which it is interfacing A pin on Port A from the microcontroller contrdlse relays, which ar
responsibldo cut power to the blade motor and then asthe central logic unit 30 seconds

cut power off to the drive motors. If that is nbetcase, then the relays disable the drive mi

Microcontroller Network Management
The microcontroller networlof the autonomoulawnmoweris represented bfive different

microcontrollers: (1BASIC Stamp 2p4 (master microcontroller), (2) Freescale MC9S12(
(1) Atmegal6 and (1)ATtiny24. The BASIC Stamp 2p40 controls the digitaompass
Honeywell HMC6352 as wethe other microcontrollers. T MC9S12C32microcontrollers ar:
used for motion and object detection systeThe Atmegal6 @ntrols the line detectic and the

grass height detection unitShe ATtiny24 manages the power distribution and the emerg



stop system. The communication between microcdatsolis set up via serial peripheral
interface (SPI) with the BASIC Stamp 2p40 in “mastaode and the other microcontrollers in

“slave” mode.

The Basic Stamp 2p40 was chosen as the main miaroder for its efficiency and variety of
features available. There are 34 pins where 3hade could be used as a general input/output
ones and 2 dedicated to serial communication ixterfThe chip has a RAM size of 38 bytes to
store variables as well as an SRAM of 128 bytgsetdorm calculations. The Basic Stamp 2p40
includes a fast processor speed of 20 MHz with mbud 2,000 instructions per second. Its
EEPROM can hold 16 kbytes organized into 8 page2 bfjtes each which is equivalent to
approximately 4,000 instructions. The power requeats are between 5.5 to 12 VDC (Vin), or
5 VDC (Vvdd). The voltage supplied to the microcoitars from lithium-ion batteries is
regulated from 14 V to 5 V, so the 5 VDC (Vdd) =ed instead or (Vin). At 5V, the current is
around 40 mA and it drops to 350 PA in sleep mode.

Programming the Basic Stamp 2p40 is relatively ggwyhen compared to other programmable
microcontrollers. The programming language uselled@BASIC, is perhaps the easiest to use
because of the simple, but powerful, language stracand straightforward method of

downloading and debugging. Programming and run-tbm@munication connections between

the PC and the Basic Stamp 2p40 is illustratedgnré 26 using a PC serial port.



Interfacing all the microcontrollers is a challeng@ce they have to share the same serial
communication mode. The synchronous data commumic&P| (Serial Peripheral Interface) is
chosen with the Basic Stamp 2p40 connected asgéesimaster” to the other microcontrollers
as “slaves”. Each subsystem has an individual &slaelect (chip select) line from the “master”,
however, all microcontrollers shared 3 signals: MQ@aster output slave), MISO (Master input
slave), and SCLK (Clock). The Basic Stamp 2p40 eragtills the “slave” select low for the
desired chip and then issues a SPI clock cyclashich a full duplex data transmission occurs.
The ATtiny214 microcontroller from the emergencgpstystem is not connected thorough via
SPI. It only shares a general pin from the Basanfpt 2p40 and the ATtiny214. Figure 27

illustrates the communication between the microclietrs.
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Driving System
The motion of the robot is achieved through the ofka differential drive system which is
composed of Parallax position and motor controlless each wheel and the Freescale
MC9S12C32 microcontroller. The Freescale MC9S12@82ocontroller is used to control the



desired speed and direction of both wheels. Thatiposcontroller is a device that uses a
guadrature encoder system to continuously track pib&ition and speed of the robot. The
position controller is illustrated in Figure 29 aRidure 30 illustrates the combination of both the
motors and wheels together.

The principle method behind the position controtiewolves around the signals the quadrature
encoder generates. This is accomplished by the avdb@Ttiny2313 microcontroller that

interfaces with each position controller.

The position controller came with the plastic ererodisk that has a resolution of 36 clicks
equating to approximately 2 linear cm using thec88 pneumatic tires. The position controller
calculates and gets the current position and therage speed data on command from the
microcontroller. The motor controller works in cangtion with the plastic encoder disk and the



two optical interrupter switches generate a quadeadncoded waveform that is processed by the
microcontroller. Based on the rate and specificusage of the pulses, it is possible for the
position controller to determine how fast and inickhdirection the wheel is turning. Figure 31
depicts the quadrature encoded voltage waveforms faheel rotating at four positions per
second. The rising edges occur first on sensorvdrieh indicates the wheel is rotating in the
positive direction. Figure 32 depicts the quadetmcoded voltage waveforms which represent

the wheel rotating at two positions per second. fi$iag edges seen on sensor two indicate the
wheels are rotating in the negative direction.
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The position increments or decrements by one eaoh there is a waveform transition. The
current average speed value is updated every 2@ndsaccumulates the average over the

previous 0.5 seconds. The position control in cocjion with the Parallax motor controller HB-

25 allows the signal generated to drive the maaprsopriately.
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Using the position controller and sending dateh& microcontroller SCI (serial communication
interface) operating at 19.2 kbits/sec data ratbjt,81 stop bit, and no parity to send the
commands to generate the proper signal to the nootatroller for a method of dead reckoning
navigation. Using this method the drive system bie a&o determine where the lawnmower
position, speed and direction would be interfaceith wihe digital compass. The several
commands that can be sent to the microcontroli@rS&1 communication protocol is shown in
Table 4 These commands are used to control the speettidim, and travel distance among

other various options.
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Using the commands in Table 4, the motors get theals from the motor controller that

regulates the voltage to the wheels, controllirggpeed and direction of the robot.



Future Work

Keeping the cost low was one of the main objectofethe project and a lot of the parts for the
robotic lawnmower were recycled from other projeetsd donated by school and other
organizations or individuals. The robot could bgioved and modified in multiple ways if there
were no budget limits and more sophisticated nanigaand object detection systems including

higher resolution cameras, GPS, IMU, high speedauantrollers, etc. could be installed.

As far as having more time, there are some modidica to the existing device that could have
been done, like redesigning the cutting systemrapthcing a single blade with several smaller
ones and include one or more weed-whackers to wmepttee quality of the grass cut, the grass
height detector system may have been improved bygus laser motion sensors instead of
variable resistance stretch ones, a single, higheed and more sophisticated microcontroller

may be used to simplify for more efficient commuation with subsystems.



Conclusion

The autonomous robotic lawnmower competition presem lot of challenges like navigation
without physical bounds, irregular shaped and nmvobjects, operation in the outdoor
environment and other conditions that require iimq@atation of new ideas and a lot of work.
The design of the project was initiated in Augu3®2 and, since then, was modified in multiple
ways. Because of limited budget and practical @qgn, one of the main objectives of the
project was to use the widely available parts aesigh a cost effective robot without using
expensive devices such as high accuracy GPS,IMEk(inertia measurement unit), etc. and our
team successfully designed a robotic lawnmower u$8¢000.00 which is at a significantly

lower cost than the competitors designs.

This project was also a valuable hands-on expezidoicthe team because it required a lot of
research and work in a group. Each teammate wagnhassthe responsibility of designing a

separate system and also learning the basic workingiples of all other parts of the design, as
well as, participating in fund raising, presentaipmeetings and technical report writing.
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