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Abstract 
�

The objective of this project is to design and build an autonomous lawnmower to compete in the 

7th Annual ION Robotic Lawnmower Competition in Beavercreek, OH in June 2010 [1]. The 

purpose of the competition is to design and operate a robotic unmanned lawnmower using the art 

and science of navigation to rapidly and accurately mow an irregularly shaped field of grass 

containing both, moving and static obstacles. Design and construction of the autonomous 

lawnmower required integration of several microcontrollers and sensing subsystems, each of 

which adds a different control element to the robotic drive system. The project is also intended to 

complete the senior design requirement of the Bachelor’s Degree in Electrical Engineering of the 

University of North Florida. 

  



Introduction 
�

The main challenge of this project is to design a robotic navigation system that operates without 

physical bounds in the area defined by a white line that defines the perimeter and irregularly 

shaped static obstacles. During initial design planning, a global positioning system (GPS) was 

considered as an attractive navigation system but this idea was abandoned due to high cost of the 

system of sufficient accuracy. There are three objectives to designing the autonomous 

lawnmower project: efficiency, affordability, and adaptability.  The lawnmower must be able to 

cut a lawn effectively by requiring a minimal amount of energy, user interaction, and time in 

addition to meeting the design requirements, the lawnmower should also be economically viable 

for mass commercial production.  

The design of the robot is divided into several major subsystems, namely: 

·  Navigation system 

·  Obstacle detection system 

·  Microcontroller network system 

·  Mechanical  system 

·  Power control system 

  



Product Description 
�

The autonomous robotic lawnmower with dimensions, 72 cm x 72 cm x 122 cm (length x width 

x height), is equipped with multiple sensors and modules in order to provide successful 

navigation as required by the ION competition grass field. The GPS module would seem the best 

solution for outdoor navigation; however, it’s not considered in the current design because of the 

high cost of a reliable and accurate unit. The path planning algorithm relies on the use of dead 

reckoning using white lines and static objects as points of reference. Four linescan cameras 

provide effective white line detection and a the digital compass determines the orientation of the 

robot with up to 2 degrees of accuracy. Two grass height detectors differentiate between cut and 

uncut grass. Four ultrasonic sensors allow the robot to detect static objects in the front or to the 

sides. The central logic unit effectively manages the microcontroller network through SPI (Serial 

Peripheral Interface) communication by reading the data from “slaves” and then transmitting 

commands to the driving motors. 

The motion of the robot is achieved through the implementation of differential drive. This uses 

two separate 12 V, 1.5 A (no load) DC motors programmed to rotate the wheels in both 

directions in order to turn.  Each motor is equipped with a quadrature encoder and a position 

controller which allows an easy serial interface with any microcontroller. Two lead-acid 12 V, 17 

A batteries in series supply power to the driving and blade motors which provide approximately 

40 minutes of cutting time. The electronics are powered by a 14 V lithium-ion battery. Most of 

the components require 5 V to function properly and a PCB (printed circuit board) for each 

system is equipped with a voltage regulator in order to provide the correct operating voltage for 

the electronic components. In order to protect the electronics from the magnetic field developed 

by the blade motor, a copper mesh is used as a cover and the PCBs are positioned 20 cm above 

it. Due to high sensitivity to magnetic fields, the digital compass module is elevated 

approximately 110 cm above the blade motor. 

  



Division of Labor 
�

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

was distributed in equal parts depending on the complexity of each subsystem.  
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Bill of Materials 
The total project cost and the itemized components costs for the autonomous lawnmower are 
listed in Table 2.   
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Design 
The robotic lawnmower is designed for participation in the advanced category of the 

competition. The obstacle course layout is displayed below: 
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The design of the autonomous lawnmower is divided into several main subsystems as shown in  

Figure 2. The robot contains multiple sensors, modules and subsystems which are managed by a 

central microcontroller. Every subsystem contains a microprocessor that allows running multiple 

tasks at the same time and involves programming, hardware installation and PCB (printed circuit 

board).. 
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Mechanical System Design 

In order to minimize the mechanical design and construction of the lawnmower robot, two 

commercial Black&Decker lawnmowers are used for parts: a Cordless Mulching Lawnmower 

CMM1200 and an Electric Mulching Lawnmower CMM275 shown in the Figure 3 below. The 

blade skirt and the blade are used from CMM275 and the blade motor, batteries and charger are 

used from CMM1200. The shape of the robot is kept as close to circular shape as possible in 

order to improve the turning radius. Figure 4 and Figure 5 show the first completed model of the 

lawnmower structure with the differential drive system and a swivel height adjustable caster on 

the back. 

The circular shape improves the robot’s maneuverability and enables it to turn with zero degree 

radius. This design of differential motor drive allows the robot to complete more precise turns. 

The original motor mounts 6 inch wheels are replaced with 9 inch wheels with inflatable tires in 

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

to fit the wheels. 
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The batteries for the blade motor and the driving system are two lead-acid 12V DC in series, 

each of which supplies up to17 A of current, sealed battery that allow the operation of the robot 

for up to 1/3 of an acre in one charge, or about 40 minutes. The batteries recharge to 60-70% in 4 



hours and to 100% in 10 hours. At start, the lawnmower initial surge current is 28 A and at 

steady state the current surge drop down a range of 11-15 A depending on the thickness of the 

grass. The motor for the wheel initial surge is about 14 A and then it drops to about 5 A. 

The motor used for the lawnmower is 24 V, 1200W permanent magnet DC motor that came with 

the CMM1200 lawnmower. The motor is covered with McNichols 100 copper wire mesh to 

reduce the electromagnetic interference (EMI) that could possibly affect the robot electronics and 

sensors.  

The housing for the robot is designed to be weather proof in order to be able to operate under 

slightly inclement weather conditions including light rain. Some of the sensors are positioned in 

close proximity to the grass, therefore, they are protected from grass debris and dust with plastic 

housing as carefully as possible.  

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

developing and testing. Originally, the line detection system consisted of three color sensor units. 

Each color sensor unit was comprised of Avago’s ADJD-S371-QR999 four channel integrated 

light to digital converter (Red, Green, Blue, and Clear) interfaced with an ATMega168 

microcontroller. The cost effective Avago color sensors were originally chosen for the line 

detection system because of their ability to discern the smallest differences between visible 

colors, such as salmon and metallic salmon. They have a wide sensing range of 100 lux to 

100,000 lux and, therefore, were applicable in many different light levels by varying the gain 

settings. The first line detection module was designed in such a way that the color sensors could 

detect a light reflected from a surface by requiring both the light source (four ultra bright LEDs) 

and the color sensors to be positioned approximately 1.5 mm above the ground surface. Although 

this system was successfully developed and tested for an indoor line following robot, the 

recommended sensor distance from the media surface is approximately 2.55 mm. Thus, this 

system is impractical for reading a non-planar surface, such as grass. Figure 6 shows the 

recommended positioning for the Avago’s ADJD-S371-QR999; Figure 7 shows the first revision 

of the line detection system using the three Avago color sensors to detect a white line indoors; 

and Figure 8 shows the corresponding block diagram for the line detection system with the 

Avago’s color sensors. 



�������� 	�
���

����������������������������������

�������� 	���������������������������������������
������������

�������� 	�������������
��������������������������������������������

 

	�
���

����������������������������������  !"�# $
%%%&'( 

 

 

	���������������������������������������
������������ ��������  

 

	�������������
��������������������������������������������  

 



Other candidates that were considered for detecting the border included a webcam that requires a 

microcontroller with more processing power or a linescan camera that reads a 1x128 pixel array 

and outputs an analog signal, which does not require a more powerful processor. By having 

affordability is one of the main objectives of the robot, the next ideal candidate for the line 

detection system was a linescan camera. Figure 9 shows the Parallax TSL1401 Linescan Imaging 

Daughterboard used for the second revision of the line detection system. The TSL1401-DB 

consists of a TAOS TSL1401R 128-pixel sensor chip with a 7.9 mm focal length imaging lens. It 

allows a microcontroller to capture images for evaluation by producing an analog data output 

that has voltage levels corresponding to the light intensity at each pixel. There are many other 

potential applications for the linescan camera. With the proper algorithms, the linescan modules 

can also be used to measure height, width, diameter, and thickness; locate objects, lines, edges, 

gaps, and holes; count items; measure conveyor coverage; determine volume, shape, and 

orientation; and read barcodes. 
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The line detection system consists of four linescan camera modules mounted all four sides of the 

robot to detect the spray-painted white line on the grass. Each linescan camera module is a 

TAOS TSL1401 R 128-pixel line array sensor that outputs an analog intensity signal for each 

pixel to an ATMega16 microcontroller’s analog to digital converter port, ADC0 to ADC3. Every 

linescan camera module is packaged as a TSL1401-DB daughterboard that consists of a TAOS 

TSL1401R 128-pixel line array sensor and an infrared filtered lens. The TSL1401 chip is 

actually composed of a single row of 128 photodetectors that provides a visual effect similar to 

peering through a narrow crack of a partially opened door to see a thin slice of what lies behind 

it. Figure 10 illustrates this effect and Figure 11 is the resulting analog intensity curve output. 

Note that not only are the edges of the bagel and the hole in the middle observable but also the 

intensity variations caused by the seeds and herbs on its surface, as well. 
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This module runs on 3.3V to 5V at less than 5 mA and allows its host system to see in one 

dimension. Thus, a two dimensional vision can easily be achieved by moving either the subject 

or the sensor along the perpendicular axis to the sensor. The 7.9 mm lens provides a field of view 

equivalent to the distance between the camera and the ground. The TSL1401R is a light-

integrating device that acts like a photographic film, which means that the brightness of the 

captured image is proportional to the exposure time or integration time. Figure 12 is the second 

revision of the line detection system using the Parallax linescan camera module mounted on the 

front left hand corner of the robot. The programming interface to the Parallax linescan camera 

module is discussed in the Programming the Atmel MCUs section under Interfacing the Parallax 

Linescan Camera to the ATMega16. 
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Grass Height Detection System 
The grass height detection system consists of three flexible sensors mounted above the height of 

cut grass. The two flexible sensors mounted on the front left and front right of the robot detect 

uncut grass relative to the position of the robot by referencing to a flexible sensor mounted on 

the top of the robot. The flexible sensor that is mounted on top serves as a control that the system 

uses to compensate for resistance variations due to ambient vibration, temperature, and overall 

noise. Figure 13 shows the Images Scientific 2” flexible cylindrical cord used for the grass height 

detection system. Each flexible sensor is an Images Scientific 2” flexible cylindrical cord that 

changes its resistance when stretched.  
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When relaxed, it has a nominal resistance of 1.0 k�  per linear 2.5 cm. Its resistance is 

proportional to the length that it gets stretched. For example, when the sensor is stretched to 1.5 

times its original length, its resistance approximately doubles to 2.0 k�  per 2.5 cm. It is 

applicable for measuring stretch, displacement, and force. For the grass height system, each 

flexible cylindrical cord is stretched 7.5 cm across with its hooked electrical terminals on each 



end bolted to a flat parallel surface. The analog resistance readings from the sensors are then fed 

into the input of the AtTiny24 microcontroller’s analog to digital converter port, ADC0 to 

ADC2. Figure 14 demonstrates the grass height detection system using three Images Scientific 

2” flexible cylindrical cords. The programming interface to the Images Scientific stretch sensors 

is discussed in the Programming the Atmel MCUs section under Interfacing the Images 

Scientific Stretch Sensors to the AtTiny24. 
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Programming the Atmel MCUs 

Interfacing the Parallax Linescan Camera to the ATMega16 
The ATMega168 was chosen to interface with the Parallax linescan cameras to make the second 

revision of the line detection system due to higher number of available ports. The linescan 

camera operates with a 5 V source at 5 mA. Thus, a pull-up resistor of 5 k�  is required for the 

ATMega16 microcontroller operating at 5 V. The programming interface to the linescan camera 

is a 3-wire serial bus that consists of a digital output to the sensor (SI), digital output to the 

sensor (CLK), and an analog pixel input from the sensor (AO). The SI line begins a 

scan/exposure, the CLK latches the SI and clocks the pixels out, and the AO is the voltage 

intensity output of 128 pixels. Images can be acquired from the TSL1401R in two ways: 

continuous and one-shot. The difference between continuous and one-shot is that in continuous 

mode, the SI pulses are in a steady stream during each exposure interval and in one-shot mode, 

the SI is pulsed the first time to receive a garbage output and pulsed the second time after the 

desired exposure time to get a valid image. Figure 15 shows the feedback waveform when the 



linescan camera is in continuous mode and Figure 16 shows the feedback waveform when the 

linescan camera is in one-shot mode. 
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The ATMega16’s datasheet was consulted while interfacing the linescan cameras with the 

ATMega16. Since the analog feedbacks from the linescan cameras need to be converted to 

digital for processing, the section on Analog to Digital Converter in the ATMega168’s datasheet 

provides the details for this implementation. The program first initializes the microcontroller for 

IO, SCI, and ADC. Next, the MCU acquires ADC data from the front middle linescan camera 

and averages the data until a white line is detected. This indicates that the robot is leaving the 

safety zone as it enters the playing field. Then, the MCU enters into a continuous loop while the 

MCU checks the front middle and back middle cameras if the robot’s front or back is 

approaching the border.  

For the loop, first, the MCU acquires ADC data from the right front linescan camera and checks 

for a white line. If a white line is detected, the MCU continues to average the inputs and returns 

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



line detected, the MCU acquires ADC data from the left front linescan camera and checks for a 

white line. If there is a white line detected, the MCU continues to average the inputs and returns 

the position of the robot relative to the line to the central control logic unit. Figure 	�	�  shows a 

flow chart that demonstrates the algorithm of the program used for the TSL1401R linescan 

camera module as the line detection system. 
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 Interfacing the Images Scientific Stretch Sensors to the AtTiny24 
The AtTiny24 was chosen to interface with the Images Scientific stretch sensors to make the 

grass height detection system because it is a cost effective chip with ADC ports. A pull-up 

resistor of 5 k�  is required for the AtTiny24 microcontroller to operate at 5 V. The AtTiny24’s 

datasheet was consulted while interfacing the stretch sensors with the AtTiny24. Since the analog 

resistance readings from the stretch sensors need to be converted to digital for processing, the 

section on Analog to Digital Converter in the AtTiny24’s datasheet provides the details for this 



implementation. The program first initializes the microcontroller for IO, SCI, and ADC. The 

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

stretch sensor. Next, the MCU acquires ADC data from the right stretch sensor and subtracts the 

data from the reference. Then, the MCU acquires ADC data from the left stretch sensor and 

subtracts the data from the reference. Finally, the MCU determines through average whether the 

left or right stretch sensor deviates more from the reference and returns the results to central 

control logic unit. Figure 18 is a flow chart that demonstrates the algorithm of the program used 

for the Images Scientific 2” flexible cylindrical cord as the grass height detection system. 
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Digital Compass Module 
In order to ensure accurate autonomous navigation, it is essential for the robot to have a sense of 

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

dimensional space. The digital compass used in the project is Honeywell HMC6352 and it is a 



fully integrated compass module that combines 2-axis magneto-resistive sensors with the 

required analog, digital, microprocessor and algorithms required for heading computation.  The 

module provides a direct heading angle to the nearest 2° using I2C 2-Wire Serial Interface. 

Temperature compensation and calibration features are built in, as well as, protection against 

stray magnetic fields. For a better heading angle, the digital compass was mounted 

approximately 1 m high away from the magnetic fields of the blade motor.  

Figure 19 illustrates the connection diagram between the Basic Stamp 2p40 microcontroller and 

the digital compass Honeywell HMC6352. The module needs to be connected to power, ground, 

I2C data, and I2C clock.  
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The digital compass requires calibration every time the autonomous lawnmower is placed in a 

different location to reduce the impact of error from various sources. The digital compass is 

installed perpendicular to the surface measuring only horizontal gravitational field components 

of the Earth’s magnetic fields.  

The communication protocol of the digital compass Honeywell HMC6352 is via I2C. Negative 

binary values are in two’s complement form. The default settings of the compass in a 7-bit slave 

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

 

All data transfers are initiated by the master Basic Stamp 2p40 device which is responsible for 

generating the clock signal, and the data transfers are 8 bit long. After each 8-bit transfer, the 

Basic Stamp 2p40 generates a 9th clock pulse, and releases the SDA line. 

 



Data transfer begins with the Basic Stamp 2p40 issuing the start sequence followed by the digital 

compass address byte. The address byte contains the digital compass address; the upper 7 bits, 

and the least significant bit (LSB). 

 

The LSB address byte chooses if the operation is a read (LSB=1) or a write (LSB=0). Then, at 

the 9th clock pulse, the compass will issue the ACK (or NACK). Next, the Basic Stamp 2p40 will 

send data bytes for a write operation or the slave will transmit back data for a read operation. All 

bus communications are terminated with the master issuing a stop sequence. 

Figure 20 illustrates a timing diagram with an example of a master commanding of the compass 

in slave mode into sleep mode by sending the “S” command.  
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The command protocol of the digital compass Honeywell HMC6352 responds to a certain set of 

command bytes, sent in hexadecimal ASCII characters. Table 3 illustrates the list of commands. 
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Object Detection System 
The obstacles detection system is designed to avoid several static and moving obstacles on the 

grass field. The static ones are represented by an irregular shaped flower bed with plastic 

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

corners of the course. The moving obstacle is a remote controlled toy on Figure 21 which is 

going to approach the robot from the front at a speed not more than 2 km/hr. The robot is 

allowed to bump into static objects but the points are deducted if the object visibly moved after 

the collision. The robot is not allowed to bump into the moving obstacle and it is required to stop 

in safe distance from it. 
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The obstacle detection system consists of four Maxbotix ultrasonic sensors. This type of 

ultrasonic sensor measures distance to objects by measuring the time period that occurs between 

the transmitted and reflected 42 kHz sound wave. These sensors are available in different beam 

configurations and have capabilities of reading the output via serial communication, analog-to-

digital conversion or measuring the pulse width which is used in the present project. The range 

of the sensors varies from 10 cm to 6 m according to the voltage supply of either 3.3 V or 5 V.   
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In order to avoid collisions and detect the flower bed and the fence, the three narrow beam 

ultrasonic sensors are installed on both sides and the front at the level of approximately 12 cm 

high. A sensor with a wider beam is positioned on the front of the robot approximately 30 cm 

high for moving object detection. The object detection system is controlled by a Freescale 

MC9S12C32 microcontroller which constantly sends 8-bit commands to the “brain” 

microcontroller if there’s a static or moving object in the preset range. The microcontroller is 

equipped with 8 MHz clock and 16-bit counter which allows reading the pulse width from the 

ultrasonic ranger by capturing the rising and falling edges of the microcontroller clock and using 

the counter to measure time between them. The CodeWarrior compiler is used to flash the 

microcontroller. 

The maximum range for the ultrasonic sensors is approximately 6 m or 600 cm and the 

conversion rate for the Maxbotix sensor is 58 µs per cm; therefore, in order to measure the 

maximum distance a 34.8 ms pulse width is required. With the 8 MHz MC9S12C32 clock it is 

possible to measure a pulse width only up to 8.192 ms or use interrupts to count how many times 

the counter overflows. However, this microcontroller has a feature of dividing the clock using 

the prescaler and, it is pre-scaled by 8 to 1 MHz in this project.  The maximum pulse width that 

could be measured with a 16-bit counter and 1 MHz clock is: 
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According to the calculations above, a 16 bit counter in combination with 1 MHz clock allows 

distance measurement up to 11.3 m and the minimum needed is approximately 6 m; therefore, it 

is a convenient clock speed for the present application.  

The pulse width is initially calculated based on recorded readings directly from the 

microcontroller’s counter and after each measurement the counter is reset to zero. The distance 

(in cm) to the object is obtained using the following expression: 
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The algorithm for the moving object detection is described in the segment of the flow chart 

shown on Figure 25 and it is executed for the top front sensor. Because the robot is constantly 

moving, all static objects are moving relative to the sensor with the speed equal to the speed of 

the robot. The robot approaches objects at a constant speed rate and the sensor keeps ranging at a 

constant rate. The algorithm is set up to monitor the sudden changes between sensor readings. If 

there is an obstacle in the front, it can only be the fence or the remote controlled toy. Assuming 

that the speed of the robot is 1 m/sec and the measurement is taken twice a sec, the robot detects 

the object 3 m ahead, the sensor ranges twice and subtracts the values. After 1 sec, the robot 

should be 2 m from the obstacle if it is static but if it’s a moving object, then the distance will be 

less than 2 ft.  

The sensors on the sides and the lower one on the front are used for static obstacle detection 

only. The front one is used to avoid collisions and is set up to alert the “brain” when there’s an 

obstacle in the range of 1 m and the robot has time to turn. The side sensors are installed in order 

to detect the flower bed and the fence. If one side sensor is on, the flower bed is on that side or 

the robot is moving away from the fence. If one side sensor and front sensor is on, the robot 

approaches the fence. Depending on the readings from the 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 requirements of the competition to ensure the 

safety of the device. Both manual and remote emergency stop systems have to be installed on the 

autonomous lawnmower. The remote stop should be activated if the robot loses control and 

heads outside the field. The remote emergency stop system must be functional for on field 

operation plus 10 m in all directions. The manual emergency stop could be activated any time 

necessary if the robot loses control. The manual control is implemented using an e-stop push 

button switch mounted on the autonomous lawnmower and, if activated, the power supplied to 

the drive motors and the blade motor is interrupted and the robot is completely stopped.  
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The remote emergency stop feature is based on RF (radio frequency). The transmitter unit is a 

key fob that contains a Nordic nRF24L01 radio and an ATtiny24 microcontroller. A 3V, 250 

mAh Li-Ion battery is used to power the transmitter unit. In addition, the transmitter has five 

programmable buttons. When one of the buttons is pressed, the microcontroller is activated and it 

transmits the 16-bit command associated with the button and then the microcontroller returns to 

an idle mode. The testing showed that the transmission range for the transmitter unit is 

approximately 40-50 m and drew a 4 µA average current.  

The transceiver nRF24L01 and Module with RP-SMA are used as a receiver unit to obtain the 

maximum RF range needed. It has a polarized SMA connector which resolves the RF range issue 

initially experienced with another module. It has eight pins for the interface with other devices: 

Vcc, GND, IRQ, CE and four SPI communication pins (CSN, SCK, MISO, and MOSI). The 

RF24L01 chip is powered with a 3.3 V DC. The MOSI pin stands for “master out, slave in,” and 

from both the microcontroller’s and the 24L01’s perspectives, the master is the microcontroller 

and the slave is the 24L01. This is because the receiver module never sends data without first 

being requested by the microcontroller. The master (ATtiny24) sends data to the slave (24L01). 

The MISO pin stands for “master in, slave out,” which means the slave sends data to the master. 

In addition, data is sent in both ways but on separate lines. The SPI data rate is set to 2 Mbps. 

The CSN (chip select not) pin is active-low, and is kept high. The 24L01 begins listening on its 

SPI port for data once this pin is low. The CE is used to control data transmission and reception. 

Since the nRF24L01 and the module are used as a receiver unit, CE is kept high to allow the chip 

to receive packets. The nRF24L01 module operates at a rate of 2.4 GHz. 
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The transmitter unit sends an analog signal

on the receiver converts analog to digital and sends data to the ATtiny24 microcontroller 

which it is interfacing. A pin on Port A from the microcontroller controls the relays, which are 

responsible to cut power to the blade motor and then allow

cut power off to the drive motors. If that is not the case, then the relays disable the drive motors.

Microcontroller Network Management
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cut power off to the drive motors. If that is not the case, then the relays disable the drive motors.
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stop system. The communication between microcontrollers is set up via serial peripheral 

interface (SPI) with the BASIC Stamp 2p40 in “master” mode and the other microcontrollers in 

“slave” mode.  

The Basic Stamp 2p40 was chosen as the main microcontroller for its efficiency and variety of 

features available. There are 34 pins where 32 of those could be used as a general input/output 

ones and 2 dedicated to serial communication interface. The chip has a RAM size of 38 bytes to 

store variables as well as an SRAM of 128 bytes to perform calculations. The Basic Stamp 2p40 

includes a fast processor speed of 20 MHz with roughly 12,000 instructions per second. Its 

EEPROM can hold 16 kbytes organized into 8 pages of 2 bytes each which is equivalent to 

approximately 4,000 instructions. The power requirements are between 5.5 to 12 VDC (Vin), or 

5 VDC (Vdd). The voltage supplied to the microcontrollers from lithium-ion batteries is 

regulated from 14 V to 5 V, so the 5 VDC (Vdd) is used instead or (Vin).  At 5 V, the current is 

around 40 mA and it drops to 350 µA in sleep mode. 

Programming the Basic Stamp 2p40 is relatively simple when compared to other programmable 

microcontrollers. The programming language used, called PBASIC, is perhaps the easiest to use 

because of the simple, but powerful, language structure and straightforward method of 

downloading and debugging. Programming and run-time communication connections between 

the PC and the Basic Stamp 2p40 is illustrated in Figure 26 using a PC serial port. 
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Interfacing all the microcontrollers is a challenge since they have to share the same serial 

communication mode. The synchronous data communication SPI (Serial Peripheral Interface) is 

chosen with the Basic Stamp 2p40 connected as a single “master” to the other microcontrollers 

as “slaves”. Each subsystem has an individual “slave” select (chip select) line from the “master”, 

however, all microcontrollers shared 3 signals: MOSI (Master output slave), MISO (Master input 

slave), and SCLK (Clock). The Basic Stamp 2p40 master pulls the “slave” select low for the 

desired chip and then issues a SPI clock cycle, in which a full duplex data transmission occurs. 

The ATtiny214 microcontroller from the emergency stop system is not connected thorough via 

SPI. It only shares a general pin from the Basic Stamp 2p40 and the ATtiny214. Figure 27 

illustrates the communication between the microcontrollers. 
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Driving System 
The motion of the robot is achieved through the use of a differential drive system which is 

composed of Parallax position and motor controllers for each wheel and the Freescale 

MC9S12C32 microcontroller. The Freescale MC9S12C32 microcontroller is used to control the 



desired speed and direction of both wheels. The position controller is a device that uses a 

quadrature encoder system to continuously track the position and speed of the robot. The 

position controller is illustrated in Figure 29 and Figure 30 illustrates the combination of both the 

motors and wheels together.  
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The principle method behind the position controller revolves around the signals the quadrature 

encoder generates. This is accomplished by the onboard ATtiny2313 microcontroller that 

interfaces with each position controller. 

 

The position controller came with the plastic encoder disk that has a resolution of 36 clicks 

equating to approximately 2 linear cm using the 23 cm pneumatic tires. The position controller 

calculates and gets the current position and the average speed data on command from the 

microcontroller. The motor controller works in conjunction with the plastic encoder disk and the 



two optical interrupter switches generate a quadrature encoded waveform that is processed by the 

microcontroller. Based on the rate and specific sequence of the pulses, it is possible for the 

position controller to determine how fast and in which direction the wheel is turning. Figure 31 

depicts the quadrature encoded voltage waveforms for a wheel rotating at four positions per 

second. The rising edges occur first on sensor one which indicates the wheel is rotating in the 

positive direction. Figure 32 depicts the quadrature encoded voltage waveforms which represent 

the wheel rotating at two positions per second. The rising 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 each time there is a waveform transition. The 

current average speed value is updated every 20 ms and accumulates the average over the 

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

25 allows the signal generated to drive the motors appropriately.  
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Using the position controller and sending data to the microcontroller SCI (serial communication 

interface) operating at 19.2 kbits/sec data rate, 8-bit, 1 stop bit, and no parity to send the 

commands to generate the proper signal to the motor controller for a method of dead reckoning 

navigation. Using this method the drive system is able to determine where the lawnmower 

position, speed and direction would be interfaced with the digital compass. The several 

commands that can be sent to the microcontroller via SCI communication protocol is shown in 

Table 4. These commands are used to control the speed, direction, and travel distance among 

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

regulates the voltage to the wheels, controlling the speed and direction of the robot. 

  



Future Work 
�

Keeping the cost low was one of the main objectives of the project and a lot of the parts for the 

robotic lawnmower were recycled from other projects and donated by school and other 

organizations or individuals. The robot could be improved and modified in multiple ways if there 

were no budget limits and more sophisticated navigation and object detection systems including 

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

As far as having more time, there are some modifications to the existing device that could have 

been done, like redesigning the cutting system and replacing a single blade with several smaller 

ones and include one or more weed-whackers to improve the quality of the grass cut, the grass 

height detector system may have been improved by using a laser motion sensors instead of 

variable resistance stretch ones, a single, higher speed and more sophisticated microcontroller 

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

  



Conclusion 
�

The autonomous robotic lawnmower competition presented a lot of challenges like navigation 

without physical bounds, irregular shaped and moving objects, operation in the outdoor 

environment and other conditions that require implementation of new ideas and a lot of work. 

The design of the project was initiated in August 2009 and, since then, was modified in multiple 

ways.  Because of limited budget and practical approach, one of the main objectives of the 

project was to use the widely available parts and design a cost effective robot without using 

expensive devices such as high accuracy GPS, laser IMU (inertia measurement unit), etc. and our 

team successfully designed a robotic lawnmower under $3,000.00 which is at a significantly 

lower cost than the competitors designs.  

This project was also a valuable hands-on experience for the team because it required a lot of 

research and work in a group. Each teammate was assigned the responsibility of designing a 

separate system and also learning the basic working principles of all other parts of the design, as 

well as, participating in fund raising, presentations, meetings and technical report writing. 
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Appendix I 

Schematic Diagrams 

Line Detection System 
  



Grass Height Detection System 
  



Object Detection System 
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Motor Control/Movement 

 


