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Overview

Features:
* Three safety sensors
0 PIR Sensor (Human detection)
o Ultrasonic Sensor (Object detection)
0 Accelerometer (prevents lawn operations while béielg)
* Mulching cutting system
o Cuts grass into tiny pieces that will later ferdlithe lawn
» Solar powered
*  “Plug and Cut” Design
o No installation required

Benefits:
* Zero emissions
* Helps reduce the 5% of the U.S. pollution causeddsypowered lawn mowers
* Will not show up on electrical bill
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Description

This project is an autonomous lawn mower that &alibw the user to the ability to cut
their grass with minimal effort. Unlike other romlawn mowers on the market, this design
requires no perimeter wires to maintain the robittiw the lawn. Through an array of sensors,
this robot will not only stay on the lawn, it wdloid and detect objects and humans. This design
is still in the prototype stage due to financiatl diilme constraints. Documentation includes all

major design aspects. This project will continudapes to market the design.

I ntroduction

In the time where technology is merging with enmireental awareness, consumers are
looking for ways to contribute to the relief of thewn carbon footprints. Pollution is man made
and can be seen in our own daily lives, more sjpadliy in our own homes. Gas powered lawn
mower are in 90% of U.S. home and they create 5#eofotal U.S. pollution. Green technology
initiatives are being support by both the governinaen cooperates business. Our new design
for an old and outdated habit will help both thesiamer and the environment.

This project of a solar powered automatic lawn mowill relieve the consumer from
mowing their own lawns and will reduce both envir@ntal and noise pollution. This design is
meant to be an alternate green option to the popalhenvironmentally hazardous gas powered
lawn mower. Ultimately, the consumer will be domgre for the environment while doing less
work in their daily lives. The hope is to keep wiokon this project until a suitable design can

be implemented and then be ultimately placed omtaket.
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Overview

This design contains a microcontroller, multiplesa's, and a solar charging system.
Adding these elements together, we get our rolt@tvao mower. The sensors are the eyes of our
robot. The goal was to let our robot see the diffiee between grass and concrete while
monitoring its surroundings continuously. Initigllye had an idea what type of sensors we
wanted to use. Our robot needed to detect if it@vagrass versus on concrete and we decided to
use a humidity sensor. Since concrete/dirt andsgaess distinctively different in density and
moisture levels, the humidity was a good factadistinguish both materials. In addition to
sensing humidity, we wanted object detection; bntimnans and objects. In which case, we went
with using a passive infra red sensor to detech#a radiation from humans and an ultrasonic
sensor to detect if the robot was heading intolgeab. Safety is the main concern when
designing a robot with blades. We wanted our roiobtto start operating if it was being held in
the air by the user. Knowing that the user wouldaselomly holding the robot we needed a
sensor to detect orientation. The accelerometerthagght of being used because it can detect
its orientation based on pre calibrated axis oaigon. The power the system there are many
options. With recharging batteries, there are verichemistries but we decided to go with the
one that work best with solar charging. The niakettal hydride (NiMH) was found to be the
best because given a low charging current, itmatlover charge. Sizing the battery will depend
on what we are powering, specifically the motoigelbatteries, there is a range of motors to
choose from. We went with two 7.2 DC motors wittegrated gear heads. The needed torque
did not need to be a lot because we were goingve h small prototype. These motors have 100
0z-in torque which is plenty for our design. Thedi diagram of our design is shown in figure

1.
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FIGURE 1- System Block Diagram

Determining where to place our sensors is cruoigthé¢ overall effectiveness of our design.
Initially, we knew to place the humidity sensorifazdown into the ground. The solar panels
were to be placed horizontal on the robot becausehieve maximum sun exposure. The
microprocessor must be in the robot to protecbitrfthe natural elements. Our ultrasonic sensor
will be mounted directly in front of the robot foraximum detection. The only sensor that will

be angled is the PIR because it needs to deteciimiand since the robot is at ground level it

must be facing up to effectively detect humans. @aliminary design is shown in figure 2.
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FIGURE 2- Preliminary Design

Components:

The main factor in deciding which components towas that it must be low power high
efficiency. It was preferred that every sensor ddmeak away board because it would make

interfacing much more easily. The costs went upobvetall stability was achieved.
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FIGURE 3-Three Axis Micromachined Accelerometer

The ADXL335 from Analog Devicess an accelerometer that has 3 axis in whichnt ca
be measured. Essentially, this chip outputs arsilpzals which correspond to the orientation of
the chip. Each axis has its own pin. Having thg@ ehst on its back produced a signal that is
50% of the supplied voltage (2.5V). If the chip radythe voltage increased in it went into

positive direction of the axis (printed on boardyl@lecreases when oriented into the negative
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orientation. This chip has six pins: Vcc (5V), gnay self test (not used), and three pins for the

three axis orientation.

FIGURE 4-PIR Motion Sensor

The RB-PIx-75 from Parallax is a PIR sensor was chosen based on short rangeesbi
If the robot detects a human close up then itstdp what ever it is doing until the human
leaves the area. This specific PIR sensor will ougppulse of 5V if it detects humans and
will output OV during idle. The advantage of thensor is that it will reset itself if when it
detects nothing. But if it detects something migtifgmes then the output will stay logic high
(5V) until the human leaves the area. This featvas used in our design to let our robot
know the difference between someone who is justipgdy and someone else who is
staying too long in the area, which is a dangesnustion. This chip has three pins: Vcc

(5V), ground, and ‘alarm’ data pin.
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FIGURE 5 -High Performance Sonar Module

TheLV-MaxSonar-EZ1 from Maxbotix is ahigh performance sonar module that can
detect an object in its ‘vision’ from 20 feet awéythis design we will want to detect objects
that are in the path of the lawn mower. We decitiatl detection should start at 3 inches from
the robot. This sensor produces an analog voltemgoptional to the detected object distance.
When powered at 5V, this sensor outputs 10mV par af object detection distance. There are
seven pins but we are only using three (Vcc, grpand data). Since we are measuring low

signals we decided to use a low pass filter torclgathe signal (figure 6).

' 100uF_

I

*use 10Q) for WR1 ;
FIGURE 6 —Low Pass Filter
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FIGURE 7 -Humidity Sensor

TheHIH-4000 from Honeywell was chosen due to the fast response time (5usplysim
put, this sensor outputs an analog signal lingandportional to he relative humidity that it
measures: the higher the humidity the higher thpudwoltage (figure 8). There were other
humidity sensors with different interfaces (12C asadiable capacitance) but they were not
chosen due to efficiency and response time. Thsa@ehas three pins: Vcc (5V), ground,

and data.
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FIGURE 8 —Plot of Relative humidity versus output wltage
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FIGURE 9 -Quadruple Half-Driver

To control the DC motors, a H-bridge was used fithbmicrocontroller protection and
efficiency. Even though each chip can handle twditgctional DC motors, we went with one

chip per motor for heating concerns. Figure 10 shthe schematic used for each motor.
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FIGURE 10 -Bi-directional motor control with L293DNE

The L293DNE was chosen over the L293NE becausditiies were internally integrated. The
pin assignments are: pin 8 to 9.6V, pin 16 to 54,45,12,13 to ground, pin 1 as enable, and

pin 7 and 2 are the input pins. The input pins &b& 2A) have logic assignments shown in

figure 11.

10
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EN 1A 2A FUNCTION
H L H Turn right
H H ] Turn left
H L L Fast motor stop
H H H Fast motor stop
L X X Fast motor stop

L = low, H = high, X = don’t care

FIGURE 11 —Logic table for L293DNE

-
FIGURE 12 -Battery NiMH
This battery was chosen to fit our power needs@f 92100mAh). We chose the

chemistry to be nickel metal hydride because itkeqrerfectly with solar power and our solar

charging system.

FIGURE 13 -Solar Panel

This solar panel from spark fun electronics isdae8V open voltage and 310mA short
circuit. Keeping in mid that the current rate ig nwre than 10% of the current charge of the

battery (2200mAh) we will not damage the batterg thuover charging.

11
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FIGURE 14 -ATmegal6 Microcontroller

For any robotic system, the microcontroller is tleart and it's where everything comes
together. The ATmegal6 has 8 ADC Channels, 4 PWah@Géls, 16K Bytes Flash, Low
Power, and 32 I/O lines. The ADC channels are besegl for the analog to digital
conversions from our sensors, four PWM channelshvhiill be used on the enable pins of
our H-Bridge which controls the speed of our wheatsl 4 output pins will be used for the
DC motors (2 per motor).

Cutting Patterns

The lawn mower will have two types of cutting sizlepiral and random. The user will place the
robot in the center of their lawn and let it cub. 8chieve this cutting pattern both wheels must
turn at two very different speeds with the outmeiseel moving the fastest. This can be done by

applying two different PWM signals (explained laté¢tigure 15 shows the spiral pattern:

FIGURE 15- Spiral cutting pattern

12
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Once the humidity sensor tells the microcontrathet it is on concrete then the robot will
change cutting pattern and will randomly. Esselyti#the robot will cut linearly until it is
interrupted by the humidity sensor or the ultras@ansor. If it is interrupted by the ultrasonic
sensor then that means there is an object in fksgyad will back up and turn right. In the case
that the humidity sensor measures low humiditydomcrete) it will also stop and back up and
turn right. Theoretically if the robot has enougiwer it can cut the entire lawn. Figure 16

shows the random cutting pattern:

FIGURE 16- Random cutting pattern

Testing

Using the datasheets from each sensor and thecuoidroller we constructed the circuit
shown in figure 15. The L293DNE H-Bridge could sagpup to two bidirectional DC motors
but to minimize heat for each chip we had one &higach motor. When the DC motor is
stopped suddenly a back induced electromagnetetifigoroduced and can damage the H-
Bridge. To reduce this effect four diodes are pdaceopposite directions (figure 10). The
L293DNE has these diodes internally which redudeatser in our circuit. The trade off is that
the current supplied to the motors is reduced. Badsor has an analog output and it is being

inputted in to the Analog-to Digital converter (ADGf the microcontroller.

13
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FIGURE 17 — S.P.A.L.M. Schematic

The Atmegal6 has 4 Pulse Width Modulation (PWM)nctes, we used only 2: one for each
motor. The PWM will control the speed of each moEssentially, the PWM is a square
function with a DC offset that repeats every cytl&e ‘ON’ time determines how much of the
voltage is being applied to the motors. The highervoltage the faster the motor moves. Figure
16 shows two different PWM signals. The top PWNhsilgwill move the motors slower than the

lower PWM signal.

FIGURE 18- Two PWM Signals

14
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The speed of the robot must not be too fast bedhessensors need time to measure its
environment. There are three modes of PWM and sftere research the Phase correct PWM is

the best for DC motors. Figure 17 shows the PWMufrobot (50% duty cycle).

FIGURE 19-Testing PWM

The microcontroller code in ‘C’ is shown in the ament box below. The code comes with

comments that will explain which registers are pesat to produce the PWM signal.

#i nclude <avr/io. h>
#i nclude <util/delay. h>
#include "uart. h"

void init();
void go_left();
void go_right();
void spiral();
voi d random();
voi d backup();

voi d pwr();

int isSomethinginproximty();
int isSonethingl nMyWay();

int am onconcrete();

int main()

{
init(); //Calls initialize
function

whi | e( 1)

15
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{
spiral ()

i f( am onconcrete())

backup() ;
function
_del ay_ns(3000);
go_right();
function
pwi() ;
si gnal
PORTB = OxFA;
}
if ( isSonmethingl nM/Way())
{
stop();
_delay_ns(5000);
backup();
go_right();
pwi() ;
function
PORTB = OxFA;
}
}
}
void init()
{

/1 Clock prescaling 256

/lCalls spiral function
//1f detect concrete
/Il Calls backs up

/1delay 3 seconds
/1 Calls go right

//Calls and sets PWM
/I Forward
/11f detects object
/1 Calls stop function
//delay 5 seconds
/1 Calls back up function
/1 Calls go right

/| Forward

/1 Select 8 bit phase correct with TOP=255

TCCRIA = _BV(WGMLO) |

signal output to PD5
TCCR1B = _BV(CS12);
DDRD | = _BV(PD4) | _BV(PD5);
DDRA = 0x00;
convertion
PORTA = 0x00;
DDRB = OxFF;
PORTB = 0x00;

uart _init();
hyperterm na
printf("STARTING !'\n");

}
void go_left()

{
pw( ) ;
PORTB =0xF2;
_del ay_ns(1000);
printf("go_left \n");
}

voi d go_right()

_BV(COMLA1) | _BV(COMLB1);

/1only the right whee
//delay 1 second

//sets PWM

/'l sets PWM signal output to PD4

//sets PD4 and PD5 as out put

/1 Sets PORTA as input for ADC

/] Sets PORTB as input for notors

/linitialize uart for

noves forward

16
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{
pw() ;
PORTB =0xF8; /lonly the |left wheel noves forward
_del ay_ns(1000); //delay 1 second

printf("go_right \n");

voi d spiral ()

pwir() ;

PORTB = OXFA; /I Move wheel s nove forward

OCR1A = 0x80; /] Sets PWM signal for right motor to 50% duty
cycle

OCR1B = 0; /1Sets PWM signal for left notor to 0%
duty cycle

printf("spiral() start\n");
int i=0 ;

while (!isSonethinginproximty() && !isSonethingl nM/VWay() &&
I'am onconcrete());

if (OCR1B <0x80)
OCR1B = OCR1B + 1; /1 PM\M signal increases by 1% every .5 seconds
_del ay_ns(500);

}
printf("sprial() done\n");

}
voi d backup()

{
pwir() ;
PORTB =0xF5; / / Bot h wheel s reverse

printf("backup \n");

_del ay_ns(3000); // del ay 3 seconds

pwr() ;
PORTB =0xF1; //turns right (only right wheel noving reverse)

printf("reverse right \n");
_del ay_ns(1000);

return;
i nt isSonethingl nMyWay()
uintl16_t adc_ultrasonic;
int retval;
int i;
ADMUX = BV(REFS0) | _BV(MJX1); //Sets PA2 as ADC i nput for U trasonic
sensor
ADCSRA = _BV(ADEN) | _BV(ADPS2) | _BV(ADPSl1l) | _BV(ADPSO0);
ADCSRA | = _BV(ADSC);
whi l e (ADCSRA & _BV(ADSC))

/1 do not,hi ng while ADC is conpl eted

17
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adc_ul trasoni ¢ = ADC, /1 Stores ADC value into

adc_ul trasoni c
printf("Utrasonic ADC = %u\r\n ",adc_ultrasonic);

for(i=0; i<10; i++)

_delay_ns(10);
if(adc_ultrasonic > 25) //if object is near return 1, if not return O;
{ retval = 1;
printf("isSonethingl nM/Way returns %\r\n", retval);
el se retval = 0;

printf("isSonmethingl nM/Way returns %\r\n", retval);
return retval;

}
i nt i sSonet hi ngi nproxi mty()
{
uint16_t adc_pir;
int retval;
int i;
ADMUX = BV(REFS0) | _BV(MJX0); /1Sets PAlL as ADC input for PIR
sensor

ADCSRA = BV(ADEN) | _BV(ADPS2) | _BV(ADPS1) | _BV(ADPSO);
ADCSRA | = _BV(ADSC);

whil e (ADCSRA & _BV(ADSC) )
; //do nothing while ADC is conpl eted
adc_pir = ADC; /] Stores ADC
val ue into adc_pir
printf("PIR ADC = %\r\n ", adc_pir);

for(i=0; i<10; i++)

_delay_ns(10);
if (adc_pir < 800)
{
retval = 1;
printf("isSonethinginproximty returns %\r\n",
retval);
}
el se retval = 0;
printf("isSonethinginproximty returns %\r\n",
retval);

return retval;

}
i nt am onconcrete()
{

int retval;

uint16_t adc_humdity;
int i;
ADMUX = BV(REFSO); //Sets PAO as ADC input for humdity

sensor

ADCSRA = BV(ADEN) | _BV(ADPS2) | _BV(ADPS1) | _BV(ADPSO);
ADCSRA | = _BV(ADSC);

18
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whi | e( ADCSRA & _BV(ADSC) )
; /1 do not hing while ADC
conver sion conpl etes

adc_hum dity = ADC, /'l stores ADC value into adc_humdity
printf("Humdity ADC = %u\r\n ", adc_hum dity);

for(i=0; i<10; i++)

_delay_ns(10);
i f (450>adc_hum dity) /ldetects if on concrete then return 1
el se return O;
{
retval = 1,
printf("am onconcrete returns %d\r\n", retval);
}
el se retval = 0;

printf("am onconcrete returns %\r\n", retval);
return retval;
}
void pwr()

{
OCRLA

OCR1B
}

voi d stop()

0x80; //sets PMMto 50% duty cycle
0x80; /lsets PWMto 50% duty cycle

PORTC=0x00; /] St ops not or
printf("stop \n");
}

FIGURE 20-Programming Code

Summary

Our design is meant to replace the gas powered taower which 90% of U.S. homes
own at least one. We believe that Lawn Buddy is2ttiecentury upgrade to the gas lawn
mower. The user will turn on Lawn Buddy and plade the center of the lawn and walk away
while the lawn is being cut. There are two cutfiagterns available for Lawn Buddy, spiral and
random. Once Lawn Buddy is set in the center it euit spirally (figure16) until one of the
sensors is tripped. Once it senses it is not ossgray more (edge of the lawn) then it will back
up and run the random cutting pattern (figurel@fety features are embedded into the design.

Such as: if the user hold onto Lawn Buddy too lafigr turning it on the robot will not start its

19
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programming until it is on ground level. This ith@ved by the accelerometer that can detect the
tilt motion in respect to the Earths gravity. Anettsafety feature is when the robot is cutting and
someone (human or pet) gets in the way of the gfate robot it will stop momentarily. The

PIR sensor allows us to detect humans. If it stopsnany times then it will shut off completely.
In addition to human detection it can also detépect that do not emit radiation heat such as
pots and bushes. If any object is it its way i ibp and turn around. Unlike other robotic lawn
mowers in the industry, this design will not reguirerimeter wires to keep the robot on the

lawn. Instead it uses humidity sensors to detetisfon grass (high relative humidity) or

concrete (low relative humidity). Figure 18 showesious pictures of Lawn Buddy.

FIGURE 21- Profile pictures of Lawn Buddy
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Figure 20 —Program code....................
Figure 21 —Profile pictures of Lawn Buddy
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