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Abstract 
 
Many people would like to have the convenience of a freshly mown lawn without all of the associated 
time commitment.  These people might consider the purchase of an autonomous lawnmower.  There 
are commercially produced versions available for purchase, but these lawnmowers require a boundary 
wire to be installed around the perimeter of the lawn area.  Additionally, these mowers use a random 
path which requires more time to mow and also they not leave the typical clean mowing lines that 
people have come to expect in a well-manicured lawn.  This project begins the design for a lawnmower 
that can not only mow a lawn autonomously, but also navigate in straight parallel paths. 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 1 – Detailed Description of the Conceptual Design 
 
 
  



1.1 Mechanical Design 

The following sub-sections contain detailed descriptions of the individual mechanical components 
and systems that were selected for the final conceptual design. 
 

1.1.1 Drive Motors 

Two electric wheelchair motors are used in this design to propel the mower and also to provide 
steering control.  Both of the motors will be mounted to the back of the mower using a custom 
made bracket.  Some of the added advantages that these motors provide include; a manual 
clutch that allows free wheel motion, and an electric brake that can be used to halt the mower.  
A 3D model of one of the motors is shown in Figure 1.  A short list of motor specifications is 
shown in Table 1 and a complete list of specifications is included in Appendix A.1.   
 

 
Figure 1 – 3D model of the LH motor. 

 
 

Table 1 – Brief list of motor specifications. 

 

 
 
 
 
 

Motor 
Stall Torque 35 ft lbs 

Rated Voltage 24 V 

Continuous Current 10 A 

   
Brake 

Rated Voltage 24 V 

Continuous Current 1 A 



1.1.2 Drive Wheels 

Electric wheelchair drive wheels were selected for the mower because of their compatibility 
with the motors used in this design.  The tires are solid rubber, 10” diameter and 3” wide.  
Figure 2 shows a 3D model of the wheel assembly. 

 
Figure 2 – 3D model of drive wheel. 

 

1.1.3 Drive Bracket 

A bracket is needed to mount the drive motors to the back of the mower deck.  The material 
used for this bracket is a 24” x 12” x ¼” plate of 3003-H14 aluminum.   Figure 3 shows an 
assembly of the drive bracket, motors and wheels.  The large holes located at the lower center 
of the plate are used to mount the plate to the mower deck and to also allow adjustment of the 
deck height.  Additional holes are included to mount the battery tie down, electrical enclosure 
and also the shaft encoder bracket.  A detailed drawing of the bracket dimensions is included in 
Appendix A.2. 

 
Figure 3 – 3D model of the drive assembly. 



1.1.4 Shaft Encoder Adapter 

A custom shaft encoder adapter was required for this design.  One end of the adapter will 
thread onto the motor shaft which will also keep the wheel in place.  The other end of the 
adapter will fit into the 6 mm bore on the shaft encoder. Figure 4 shows a 3D model of the 
adapter and detailed dimensions of the adapter are included in Appendix A.3. 
 

 
Figure 4 – 3D model of the shaft encoder adapter. 

 
 

1.1.5 Shaft Encoder Bracket 

Another custom bracket was required to mount the fixed end of the shaft encoder over the end 
of the adapter.  The other end of this bracket mounts to the drive bracket.  Figure 5 shows a 3D 
model of this bracket and detailed dimensions are included in Appendix A.4. 
 

 
Figure 5 – 3D model of the shaft encoder bracket. 

 
 

1.1.6 Proximity Sensor Bracket 

A bracket to mount the proximity sensor was also needed.  This bracket mounts to the front of 
the mower using two rubber stoppers attached at each end using bolts.  The bolts also pass 
through the centers of the rubber stoppers.  The rubber ends are inserted into the ends of the 
caster frames and fixed in place when the bolts are tightened.  Figure 6 shows a 3D model of the 
proximity sensor bracket assembly and detailed dimensions of the bracket are included in 
Appendix A.5. 
 



 
Figure 6 – 3D model of the proximity sensor bracket. 

 
 

1.1.7 Compass Bracket 

Due to the magnetic field around the motors, the compass chip will be located about 24” above 
the back of the mower using a custom bracket.  This bracket will be mounted to drive bracket in 
a vertical position and the compass chip then attaches to the top end.  Figure 7 shows a 3D 
model of the bracket and detailed dimensions are included in Appendix A.6. 
 

 
Figure 7 – 3D model of the compass bracket. 

 
 

1.1.8 Battery Tie-Down Bracket 

The battery tie down bracket shown in Figure 8 used to secure the batteries to the drive plate.  
Detailed dimensions of this bracket are included in Appendix A.7. 
 

 
Figure 8 – 3D model of the battery tie down bracket. 

 
 



1.1.9 Bumper System 

A bumper system was designed to allow detection of when the mower bumps into an obstacle.  
Two of these assemblies are required, one on each side of the mower.  The bumper plate is 
hinged at the front end which allows the plate to rotate.  The other end of the bumper plate 
slides along an assembly that attaches to the mower deck.  This slide assembly is also used to 
mount a small limit switch.  A paddle is attached to the bumper plate which depresses the limit 
switch when the bumper is displaced.  A small spring is located between the paddle and the side 
of the mower deck which forces the bumper into its original position.  Figure 9 shows a 3D 
model of the bumper system assembly and detailed dimensions of the components are included 
in Appendix A.8. 
 

 
Figure 9 – 3D model of bumper assembly. 

 
 

1.1.10 Mower Deck and Engine 

The deck and engine that was selected for this design is a Craftsman Professional 88776 with a 
190 cc 6 HP Briggs & Stratton engine.  This model also includes an electric start which allows the 
engine to be started using the microcontroller.  The front caster wheels were also a necessary 
option for this design so that the mower will be able to turn easily.  Figure 10 shows a 3D model 
of the deck and engine.  Mounting holes need to be drilled on the back surface of the deck to 
mount the drive plate.  Detail dimensions of these holes are included in Appendix A.9. 
 



 
Figure 10 – 3D model of the mower deck and engine. 

 
 

1.1.11 Electrical Enclosure 

A small enclosure for the electrical components was purchased and then modified for this 
design.  The emergency stop button is mounted to the top of this box.  A small 12 V fan was also 
installed in the bottom wall of the enclosure to provide convective cooling for the motor 
controller.  Figure 11 shows a 3D model of the enclosure and detailed dimensions are included 
in Appendix A.10. 
 

 
Figure 11 – 3D model of the electrical enclosure. 

 
 



1.1.12 Final Assembly Model 

The final assembly of all of the mechanical components listed in this section is shown in Figure 
12. 

 
Figure 12 – 3D model of the final design assembly. 

 

 

1.2 Electrical Design 

1.2.1 Microcontroller 

The microcontroller used in this design is MINI-MAX/51-C2 from BIPOM. MINI-MAX/51-C2 is a 
general purpose, low-cost and highly expandable micro-controller system based on the ATMEL 
AT89C51ED2 single-chip Flash micro-controller.  It needs an input voltage of 6-12v and minimum 
of 200mA of current. IT has 64K Flash Memory, 2K RAM, and 2K internal EEPROM. It has 5-
channel, 10-bit Analog/Digital Converter (ADC) with 4.096V internal or an external voltage 
reference source, which will be connected to the shaft encoder. The Pulse width modulator 
(PWM) will be used to control the two wheelchair motors. The on board 5 Volt regulators will be 
used to power the sensors in the system. 

 



 
Figure 13 – MINI-MAX/51-C2 Microcontroller 

 

1.2.2 Switching Regulator 

 A switching Regulator converts from one DC voltage to another.  It was chosen instead of linear 
regulators because of its higher efficiency and low heat dissipation in the voltage conversion. 
The switching regulator that we will be using is DE-SWADJ 3 from Dimension Engineering. It 
takes input voltage from 5v-36v and can output voltages from 3v-13v. The input voltage from 
the battery will be 24 volts. The output voltage of the switching regulator will be adjusted to 6v, 
which powers the microcontroller. It can provide a maximum power of 25W and it can output 
3A of continuous current, which is sufficient for our design.   

The microcontroller board also has a 5V linear regulator which will be used to power the 
microcontroller along with all the sensors. Special care must be taken while powering the 
sensors using the on-board regulator because linear regulators generate lots of wasted heat 
depending on the current draw on the regulator and the difference in the voltage (Input voltage 
– Output voltage.)  
The equation for wasted power in a linear regulator is: 

( ) loadoutinwasted IVVPower −=  
In our case, 

( )( ) mWmAmAmAVVPowerwasted 6020202056 =++−=  
As a general rule of thumb, if the linear voltage regulator is wasting less than 0.5 watts of power 
the heat generation is acceptable, therefore all the sensors used in our design can be powered 
using the on-board regulator. 

 
Figure 14 – DE-SWADJ 3 (Switching Regulator) 



1.2.3 Batteries 

The capacity of the battery to be used in our design depends on the power requirements of the 
motors, microcontroller and the sensors. The power needed by our system depends primarily on 
the power required for the operation of wheelchair motors.  The wheelchair motors are rated at 
240 Watts each with a total of 480 Watts. The three sensors: shaft encoder, proximity sensor, 
and digital compass each draw 0.020A and operate on 5V, which is a total of 0.3 Watt. The 
microcontroller draws 0.200 A of current at 6V, so the microcontroller requires 1.2 Watt to 
operate. Therefore the system consumes a total of 481.5 Watts of power. 
 
We will be using a pair of 12V batteries rated at 32Ah and connect them in series to get the 24V 
that is required for the wheelchair motors. That means the battery can provide 768Wh of 
power, which will power our system for approximately 1.6 hours. So it will be sufficient for our 
design requirements. 

 
Figure 15 – 12V Battery 

 

1.2.4 Digital Compass 

The digital compass to be used in the design is Devantech Magnetic Compass Module CMPS03. 
The combination of this digital compass and the shaft encoder will be used as our mower’s 
primary navigation system.  This compass identifies the angle of rotation in relation to the 
Earth’s magnetic field, and specifically designed for use in robots as an aid to navigation.  The 
connector or cable to be used to connect to the microcontroller is BrainStem IIC Cable.  This 
compass has a 0.1 degree of resolution and 3 to 4 degrees of accuracy.  The voltage requirement 
for this compass is 5v and the current is 20 mA. The combination of the low voltage requirement 
and the output interfacing made this compass compatible with our microcontroller for this 
project.   An illustration of the physical dimensions of the digital compass chip is shown in Figure 
16. 

 



 
Figure 16 – Devantech CMPS03 Digital Compass Chip 

 

1.2.5 Shaft Encoder 

The shaft encoder to be used in the design is MAE3 Absolute Magnetic Kit Encoder. This shaft 
encoder has analog voltage outputs in the 0 to +5 or 0 to +4.095 volts range that could be read 
by the ADC inputs on our microcontroller.  The connector or cable to be used is CA-MIC-SH-NC 
3-Pin Micro/Un-terminated shielded Cable to connect to our microcontroller.  It provides shaft 
position information over 360 degree of rotation with no stops or gaps.  It consists of three 
components: base, push-on magnetic hub, and encoder body, and also has 3 connection pins, 
+5V, output, and ground.  Physical dimensions of the shaft encoder are shown in Figure 17. 

 
Figure 17 – Dimensions of MAE3 Shaft Encoder 

 

1.2.6 Motor Controller 

A motor controller is needed to interpret the signal from the microcontroller and to supply 24 
volt power to the drive motors.  Because some of our estimates for the continuous current 
needed for these motors approached 22 amps, we selected the Dimension Engineering 
Sabertooth 2x25 dual channel motor controller, a motor controller which is capable of supplying 
two separate motors with 25 amps each of continuous current.  This should give us sufficient 
power and plenty of headroom to run the motors at full speed.  This motor controller will accept 
serial communications from the microcontroller, which will make interfacing straightforward. 

 



 
Figure 18 – Sabertooth 2x25 (Motor Controller) 

 
1.2.7 Proximity Sensor 

For this project, a proximity sensor was chosen to detect obstacles.   In this iteration of the 
project, the sensor will be used only to stop to prevent collisions, but this sensor could be useful 
to future groups working on the project to navigate around obstacles.  The Parallax Ping 28015 
sensor was chosen to be used in this project.  It outputs a pulse width modulated (PWM) signal 
that corresponds to the distance to the object.  This PWM signal should be interpreted relatively 
easily by the microcontroller. 

 
Figure 19 – Proximity Sensor 

 
1.2.8 Limit Switches 

Two limit switches will be added to the front of the lawnmower for increased safety.  In case the 
proximity sensor would malfunction and not detect an obstacle, the lawnmower should still stop 
to avoid damage to it and to any obstacles or observers.  For this project, Omron SS-01GLP limit 
switches were chosen because of their relatively low cost of about $0.80 each.  These switches 
can be used on the external interrupt on the microcontroller, which will immediately stop the 
drive motors and kill the gasoline engine which powers the blade. 

 

 
 

Figure 20 – SS-01GLP (Limit Switches) 

 



1.2.9 Electrical Schematic 

To ensure that the microcontroller has enough available physical connectors to interface with all 
proposed components, an electrical schematic was constructed.  There are 32 available pins on 
the AT89C51 and only 7 were required for interfacing with peripherals.  A connection schematic 
is shown in Figure 21. 

 
 

Figure 21 – Electrical Schematic 
 

  



 

 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 

Section 2 – Building Process 
 
 
 
  



2.1 Mechanical 

2.1.1 Lawn Mower Deck 

We used a Craftsman Professional 88776 Lawnmower Deck; this mower deck has a 190 cc 8.75 
torque (6HP) Briggs & Stratton engine, electric start, and ball bearing front caster wheels.  The 
handle, back wheels and other small components were removed from the original lawn mower 
as shown in Figure 22. 

 

 
Figure 22 – Craftsman Professional 88776 Lawnmower Deck 

 
2.2.2 Bracket 

 The bracket was built and painted as shown in Figure 23. 
 

 
Figure 23 – Bracket 

 
 



2.2.3 Drive Motors 

The two electric wheelchair motors were mounted to the bracket using 6 bolts on each side of 
the special bracket.  A detailed photograph is shown in Figure 24 and 25. 

 

 
Figure 24 – Drive Motors 

 

 
Figure 25 – Drive Motors Mounted on Bracket 

 
2.2.4 Lawn Mower Deck with Motors 

Using 6 bolts the bracket with drive motors was mounted to the back of the lawn mower deck.  
These bolts are located at the bottom of the bracket. These bolts required drilling holes on the 
back of the mower deck.  Figure 26 shows this assembly. 



 
Figure 26 – Mower Deck, Bracket and Motor Assembly 

 
2.2.5 Drive Wheels 

The wheels were mounted to the motors; the wheels used came with the motors, and did not 
require any special adjustments for the installation.  They were attached just mounted to the 
shaft of the motors as seen in Figures 27 and 28. 
 

 
Figure 27 –Wheels Mounted on Motors 

 



 
Figure 28 –Wheels Mounted on Motors 

 
2.2.6 Plates 

We used two plastic plates that were placed on top of the lawn mower deck to hold the 
batteries.  These plates were used to have the batteries placed on a flat surface, which provides 
more stability (Figure 29). 

 

 
Figure 29 –Plastic Plates 

 
  

2.2.6 Batteries 

We positioned the two 12 volt batteries on the back of the lawn mower deck using the plastic 
plates to make a flat surface(Figure 30).   A battery tie down bracket was used to hold the 



batteries in placed.  The tie down bracket is attached to the bracket on the back of the lawn 
mower deck.  The tie down bracket is shown in Figure 31. 

 

 
Figure 30 –Mounted Batteries 

 

 
Figure 31 –Tie Down Bracket 

 
 

2.2.7 Bumper System 

We designed a bumper spring system for both sides of the lawn mower to avoid obstacles on 
that might hit the sides of the lawn.  The spring system consist of two springs, when an object 
bumps into the sides the bumper plates the springs compress and a metal tab pushes the limit 
switch to stop the mower if necessary.  The system is shown in detail in Figures 32, 33 and 
Figure 34. 



 
Figure 32 –Detailed Bumper Spring System 

 

 
Figure 33 –Detailed Bumper Spring System 

 

 
Figure 34 –Bumper Spring System 



2.2.8 Proximity Sensor Bracket 

We used a flat piece of aluminum bar we drilled holes in the middle and mounted the proximity 
sensor (Figure 35).  We installed rubber stoppers on the ends and attached them to the end of 
the wheel caster system.  Figure 36 shows all mechanical components installed to the lawn 
mower. 

 

 
Figure 35 – Proximity Sensor Bracket 

 
Figure 36 – Lawn Mower with all Mechanical Components 

 
 



2.2 Electrical 

2.2.1 Electrical Enclosure 

We used a black plastic box to mount some of our sensors/electrical components. The box itself 
was mounted to the back plate (Figure 37). Our microcontroller, motor controller and voltage 
regulator were mounted inside the box.  The box has 2 holes at the top and 1 at the bottom: 
one of the top holes was for wires to go through and the other was to mount the emergency 
stop button.  The bottom hole was to mount the computer fan for cooling and air circulation. 
 

 
Figure 37– Electrical Enclosure 

 
2.2.2 Microcontroller 

We mounted microcontroller inside our electric enclosure box.  Microcontroller was mounted 
close to the hole where the wires can get through easily since it will be connecting and 
controlling other sensors (Figure 38). 
 

 
Figure 38 – Microcontroller 



 
2.2.3 Motor Controller 

We also mounted motor controller inside our electric enclosure box (Figure 39). Voltage 
regulator was mounted close to the microcontroller and motors, where it will be easy to 
connect. 

 

 
Figure 39 – Motor Controller 

 
2.2.4 Proximity Sensor 

The proximity sensor was placed at the front of the mower as it will be needed to detect the 
obstacles and any other particles (Figure 40). We mounted it high enough so that it won’t detect 
the ground, the grass, the leaves, etc… 

 

 
Figure 40 – Proximity Sensor 

 



2.2.5 Computer Fan 

We mounted the computer fan at the bottom of our box for the main purpose of air circulation 
and cooling of the components mounted inside the box (Figure 41).  

 

 
Figure 41 – Computer Fan 

 
2.2.6 Batteries 

We placed the batteries at the back of the mower since that area has a large enough space for 
us to put both batteries in series. Then both batteries were put inside the customize bracket 
mounted to the back plate. We mounted the brackets tight enough that the batteries won’t be 
moving from the vibration as the mower moves (Figure 42). 

 

 
Figure 42 – Batteries 

 
2.2.7 Shaft Encoder 

We mounted our shaft encoder to the right back side wheel as it will be needed to detect the 
speed and distance of the mower.  We mounted to the wheel by using customize bracket and 
extension piece (Figure 43).  The customize extension piece was mounted to the motor’s shaft 
and the customize bracket was mounted to the back plate.  



 

 
Figure 43 – Shaft Encoder 

 

2.2.8 Limit Switches 

Both of our limited switches were mounted at each side of the mower connecting to our 
customize bracket and side platform. When something keeps in contact with the side platform, 
it will comes in contact with limited switch through customize bracket (Figure 44).  

 

 
Figure 44 – Limited Switches 

 

2.2.9 Digital Compass 

Initially, our plan was to mount the digital compass inner top part of the box, but we quickly 
learned that the magnetic field from the motors was creating interference because it was not 
placed high enough.  So we built specific bracket that is high enough for our digital compass to 
mount as it will be needed to adjust the orientation of our mower (Figure 45). 

 



 
Figure 45 – Digital compass 

 

2.2.10 Emergency Stop Button 

The emergency stop button was mounted on top of the black box, where it will be easy to reach. 
This button can be used to either stop or start running the mower. (Figure 46) 

 

 
Figure 46 – Emergency Stop Button 

 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 3 – Testing 
  



3.1 Measured Parameters 

3.1.1 Measured Parameters – Electrical 
 

- Requirement:  The mower must be able to make 180 degree turns. 
 Parameter measured: Turn Angle 
 

- Requirement:  The mower must be able to travel in a straight path using compass. 
 Parameter measured: Lateral displacement 
 

- Requirement: The shaft encoder must be used to determine the distance travelled to 
determine the boundary. 
 Parameter measured: Distance travelled 
 

- Requirement:  The mower must use the proximity sensor to detect obstacles and stop 
to avoid collision. 
 Parameter measured: Distance at which it detects obstacles and stops 
 
 

3.1.2 Measured Parameters - Mechanical 

- Motor stall torque: The motor stall torque could not be determined by the 
manufacturer of the motors.  This specification had to be measured.  By charging the 
batteries to full charge and making a direct connection to the batteries a full “throttle” 
condition was created.  A bar wrench was placed on the wheel hub and a scale was 
placed under the end of the ratchet.  Engaging the motors and observing the force 
measured by the scale a calculated torque was derived to be 35 lbs.-ft.  This was done 
several times and the average was taken to be the actual value for calculations. 
 

- Bumper system spring stiffness: The bumpers once depressed were returned to the 
normal operating position by springs.  These springs were purchased from a local 
hardware store so their spring constant was not known.  The spring constant was 
determined by deflecting the spring a measured distance and using a scale determined 
the force required to deflect the spring that distance.  This was done several times with 
different deflection distances and averaged.  The spring constant was determined to be 
7 lbs./in. 
 

- Mower weight:  The mower’s total weight was difficult to directly measure, due to its 
size and no scale large enough to hold the entire mower at one time.  Therefore, each 
wheel’s reaction force was measure and then summed.  The reaction force was 



measured using a bathroom scale at each wheel, while using books at the other wheels’ 
locations to keep the mower level.  The total weight was 160 lbs. 

3.3 Test Procedures 

We used Micro IDE software from BIPOM to compile our 8051 based programs and download 
the code to our microcontroller. The Figure 47 below shows a screenshot of our compiler with 
the compass code. 
 

 
 

Figure 47  – Micro IDE development software from BIPOM 

 
In order to test our parameters we first wrote programs for each of our sensors separately to 
interface them with our microcontroller. Once the shaft encoder, proximity sensor, compass and 
the motor controller were interfaced with the microcontroller we wrote a main code where we 
combined all these sensors to move the mower in a straight path and make a 180 degree turn. 
 
Compass: 
Our first test was to see how well our mower was able to make 180 degree turns.  We wrote a 
program to make the mower make 180 degree turns based on the heading value received from 
the compass.  We interfaced with CMPS03 compass using the I2C method. The compass sends a 
value from 0 to 3599 which represents 0 to 360 degree.  We used a feedback loop mechanism to 
make turns. The idea was to calculate the error by subtracting the desired heading from the 
current heading and then try to make a turn to reduce the heading error below a threshold 
value.  We did a number of test runs and determined that the threshold value of 10 was 
appropriate for the speed at which we were making the turn.  When we tried lower values for 



the threshold the mower would not stop after making a 180 degree turn because it was skipping 
the threshold value.  Higher than 10 would mean that the deviation from the accurate turn 
angle would be greater. 
 
 
We also found out that the two motors at the sides were creating magnetic field which was 
interfering with out compass signal. So we decided to move the compass higher and found out 
through trial and error that the compass should be located about 6 inches higher from the top 
of the electrical box. Once we made the adjustment we did 10 ten trial runs with the mower 
programmed to make a 180 degree turn and measured the angle it actually turned. The results 
are presented in the graph below (Figure 48). 
 

 
Figure 48 – Graph of actual turn angles for 10 trial runs 

 
The average turn angle was 179.92 degrees and the standard deviation was 3.02 degrees.  
Although the results seem fairly accurate we found out that this compass is very prone to 
interference and any metallic or conducting substance nearby seemed to affect the compass 
heading value.  
 
Secondly we wanted to test to see if we could move the mower straight.  We quickly realized 
that the two motors rotated at different speeds when we used the same motor speed value.  
Even after adjusting the motor speed for individual motors the mower would not go straight all 
the time.  So we decided to use the compass to make the mower follow a straight path. The 
same feedback loop mechanism was used to move the mower in a straight path.  The heading 
error was calculated by subtracting the desired heading from the current heading. Then the 
mower would make turns based on the direction of error until the heading error was less than 
the threshold error value.  Through trial and error a threshold value of 4 was selected. Although 
this algorithm was fairly effective the robot may drift laterally over time since the heading value 
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is the same if the mower is facing north from a starting point or from a point a foot to the left or 
the right of the starting point.  
 
So we decided to test the lateral drift after 5 feet run by running our straight path algorithm. 
The distance was determined using the shaft encoder which will be discussed later. The graph 
below shows the lateral drift after 10 trials (Figure 49). 
 

 
Figure 49  – Graph of lateral drift for 10 trial runs 

  
Negative values mean displacement to the right at the end of the 5 feet run. Positive values 
mean displacement to the right at the end of the 5 feet run. The average lateral drift was 0.13 
inch and the standard deviation was 0.72 inch.  
 
 
Shaft Encoder: 
Another test was conducted to measure the distance travelled before the mower reached the 
boundary after travelling the straight path.  In order to measure the distance travelled we used 
MAE3 absolute magnetic shaft encoder  from Usdigital.  The shaft encoder gives 10 bit values 
from 0 to 1023 for a complete turn of the shaft.  The shaft encoder sends out analog values so it 
was connected to the analog port on the microcontroller.  The analog port on our 
microcontroller was connected to the PIC microcontroller in the same bipom board.  So in order 
to access the analog values we had to interface with the PIC microcontroller using the I2C 
method and we had to do the Analog to digital conversion to get the 10 bit values.  Since the 
radius of the drive wheel is 5 inches.  It’s circumference is given by the equation below: 
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 Thus 1 tick from the shaft encoder is equivalent to :    
 

 

 
 
Once we figure out the distance travelled per tick we could poll the shaft encoder continuously 
to determine the distance travelled.  The mower was then programmed to move for 5 feet in a 
straight path using error correction and the actual distance travelled was measured for 10 trial 
runs. The result of the test is presented in the graph below (Figure 50). 
 

 
 Figure 50  – Graph of distance travelled after 5 feet run for 10 trials  

 
The average distance travelled was 5.05 feet and the standard deviation was 0.806 feet. 
 
Proximity Sensor: 
 
In order to avoid collision we used PING Ultrasonic Distance Sensor mounted at the front of the 
mower. The sensor works by transmitting an ultrasonic burst and providing an output pulse that 
corresponds to the time required for the burst echo to return to the sensor. By measuring the 
pulse width, the time taken can be calculated and multiplying the time by the speed of the wave 
gives the distance from the obstacle. Thus the sensor can correctly detect obstacles from 2 cm 
to 3 m. Since our mower is moving at a fairly low speed we decided to stop the mower if there is 
an obstacle closer than a foot from the sensor.  
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Flow Chart: 
The flow chart for the entire system is shown below (Figure 51): 
 

  START

Initialize Ports and Variables
int direction = 0;

Int total_sdist = 0;

Start the wheelchair 
motors

Read Compass

If Heading error
 is greater than
 threshold error 

value

Turn slight left or right 
depending on the direction 

and magnitude of error

If Distance ≥ Width of lawn

Yes

No

Read Distance from 
the Shaft Encoder

Stop the motors.
Reset the Boundary 

Distance.

Yes

No

Turn Right by 180°

If direction is
 an even
number

Turn Left by 180°

Increment direction by 
1

(direction ++;)

Yes

No

If 
total_sdist < length of 

lawn

Yes

LAWN MOWED!No

Read Proximity sensor

If Obstacle detected

Stop

Yes

No

Poll limit switch

If bumper switch pressed

Stop

Yes

No

 
Figure 51- Complete program Flow chart 



3.4 Calculation/Analysis 

3.4.1 Drive Motor Analysis 

The following analysis was performed on the drive system to ensure that the motors provide a 
sufficient amount of torque and to also determine suitable angles of incline and linear 
acceleration so that wheel slip does not occur.  The system model for each motor is defined by 
the free body diagram shown in Figure 52 and by EQ’s 1-5.  The system parameters used in this 
model are listed in Table 2. 
 

 
Figure 52 – FBD of one side of the drive system. 

 
 

EQ 1  

EQ 2  

EQ 3  

EQ 4  

EQ 5  

 
 

Table 2 – Values used in drive system analysis. 

Weight of mower 
 

160.5 (lb) 
Mass of mower M 4.98 (slug) 

Mass of single drive wheel m 0.16 (slug) 
Weight applied to single drive wheel W 57.75 (lb) 

Inertial radius of drive wheel rg 4 (in) 
Actual radius of drive wheel r 5 (in) 

 
The results in Figure 53 show that the motors will provide plenty of torque to propel the mower 
at a steep incline and also reasonably fast acceleration.  The results in Figure 54 show that slip 
will occur when the angle of incline is 30° regardless of acceleration. 

 



 
        Figure 53 – Torque required by each motor.            Figure 54 – Slip occurs when μ > 0.6 

 

3.4.2 Bumper System Analysis 

  
 

 
 Spring constant was calculated to be 7 lbs./in. 
 

 

 
Because, the bumper is hinged on one side the amount of force required to depress the buper 
varies with the distance from the hinge according to the following equation. 
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3.4.3 Motor Key Analysis 

 
Figure 55 - Key and Shaft 

Dimensions from Figure 55 
Shaft Diameter 

 
Square Key Type 

 
 

 

Material Properties 
Key – Low Carbon Steel (AISI 1020) 

 

Maximum Stall Torque of Motor 
 

 

Calculations 
Failure due to Shear Stress 

 

 

 
Failure due to Compression 

 



 

 
 

3.4.4 Drive Plate FEA 

The drive plate (Figure56) supported the mower and the motors.  This plate was subject to 
dynamic and static loading.  Using FEA displacement and stresses were determined to be 
negligible. 

 

 

Figure 56 - Drive Plate 

• Motors supply a significant amount of torque, which could potentially cause the drive plate 
to bend. 

• The plate has many holes drilled in it which could lead to stress concentrations at the holes 
that could lead to failure. 

• Deflection of the plate could cause the direction of the wheels to change. 

• The FEA Model was created using ProEngineer. 

• Two Situations were Analyzed: 

• Both motors rotate in the same direction. 

• Each motor rotates in different directions. 



 

Figure 57 - Constraints to FEA Model 

As indicated in Figure 57 six constraints were introduced to plate.  We allowed for zero 
deflection at the points where the plate was mounted to the mower deck. 

 

Figure 58 - Rotation of Motors due to Displacement 



 
Figure 59 - Stress Concentrations 

Deflection in the plate causes the motor and wheels to rotate. As Figure 58 shows this 
rotation is minimal when the motors are spinning in the same direction Figure 59 shows 
the stresses to be negligible as well. 

 

 
Figure 60 - Rotation due to Displacement 



 
Figure 61 -Stress Concentrations 

 
Deflection in the plate causes the motor and wheels to rotate. As Figure 60 shows this 
rotation is minimal when the motors are spinning in opposite directions. Figure 61 
shows the stresses to be negligible as well. 

 
The Maximum displacement at the top of plate is 2.6396 x 10-04(in) and the maximum 
stress is 17.01(ksi) and these occur when both motors are in same direction. 

  
The amount of deflection in the plate caused by the maximum stall torque of each 
motor is very small.  The deflection causes each drive wheel to rotate about the z-axis 
(vertical) a maximum of .00103o. This is the worst case scenario and will cause a 
negligible change in direction of the mower.  No plastic deformation in the plate will 
occur. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Section 4 – Evaluation and Recommendations 
 
 
 
  



4.1 Cost Analysis 

The project was based with a budget of $2000, of which $600 was provided by the Engineering 
Department of IPFW.  In order to minimize the total cost and ensure the project stays within the 
budget, we have soughed donations and additional sponsorships for individual components.  The 
confirmed sponsors for the project are currently IPFW Department of Engineering and Medical 
Mobility.  Table 3 shows the individual components and prices. 

 
Table 3: Cost Estimation 

Component/Tax/Shipping Donations Retail 
Cost 

# Of 
Items 

Total 
Cost 

IPFW and Other Sources $2,000.00  NA NA NA 

Absolute Magnetic Kt Encoder NA $47.85  1 $47.85  
3-pin Micro Shielded Cable NA $7.30  1 $7.30  

Digital Compass NA $55.09  1 $55.09  

BrainStem IIC Cable  NA $4.00  1 $4.00  

Proximity Sensor NA $29.95  1 $29.95  

Limit Switch NA $0.79  2 $1.58  

Emergency Stop Switch NA $25.39  1 $25.39  

Microcontroller NA $69.00  1 $69.00  

Microcontroller (Software ) NA $149.00  1 $149.00  

Batteries NA $100.00  2 $200.00  

Battery Charger NA $30.00  1 $30.00  

Wheels NA $15.00  2 $30.00  

Push Mower NA $500.00  1 $500.00  

Wheel Motors $300.00  $150.00  2 $300.00  

Dual Channel Motor Controller NA $125.00  1 $125.00  

Metal for Brackets NA $40.50  1 $40.50  

Shaft Encoder Adapter 
Fabrication 

NA $50.00  1 $50.00  

Confirmed 
Budget/Donations 

$2,300.00  

Total Cost $1,664.66  

Budget Surplus $635.34  

 
 
 
 
 



4.2 Recommendations 

In future developments of this design, it would be best to place the shaft encoder someplace more 
protected.  During the course of the building and testing, the shaft encoder was damaged 
repeatedly taking the mower through doorways.   
 
The compass should be eliminated in future designs.  The compass was very prone to interference 
and required recalibration periodically.  Also, the compass picked up interference from the motors 
and the surroundings.  Future groups may want to shield the motors to eliminate this source of 
interference.  Another option might be to use two shaft encoders instead of using a compass.   
 
The bumper system could be upgraded to detect obstacles from any direction around the mower.  
One possible solution might be to use a wire that wraps all of the way around the mower and 
connect one end to a switch that is pulled when an obstacle applies tension to the wire. 
 
A future group might also want to consider an embedded real-time operating system for the 
controls process.  This would allow for more power and flexibility in controlling the lawnmower. 
 
 

4.3 Conclusion 

This design of an autonomous lawnmower met the major goals set by the design team in 
conjunction with the advisors at the beginning of the design process.  Although not everything 
worked exactly as hoped, it seemed like a good starting point for this project.  Future groups should 
be able to easily take the physical design of the current lawnmower along with much of the software 
and better the results, providing more consistency.  Eliminating the magnetic compass and 
measuring the turns another way could also help to provide more consistent results.  Placing the 
shaft encoder in a more protected location would also be a good improvement over the current 
design which leaves it exposed and prone to damage. 
 
Although the design team now notices some changes that could be made to improve the design of 
the autonomous lawnmower, being able to trace a straight line, turn 180°, and following a parallel 
line back are big steps forward in creating an autonomous lawnmower. 

 
 
 
 
 
 
 
 
 



Appendices 
 

A – Mechanical 

A.1 Drive Motor Specifications 

Motor 

Brand Merits Health 

Model # RH M1KA/B 60300663 

Model # LH M1KA/B 60300664 

Rated Voltage 24 VDC 
Continuous 
Current 10 A 

Stall Current 75 A 

Continuous Speed 100-125 rpm 

Weight 14.5 lbs 

Gear Ratio 28:1 

   

Brake 

Rated Voltage 24 VDC 
Continuous 
Current 1 A 

Torque (min) 15 in lbs 

   

Shaft 

Diameter 17 mm 

Key (x2) 6 mm x 1.5" length 

Wheel Nut M10 x 1.25 

Wheel Washer 
.5" ID x 1" OD x .072" 

T 

   
Mount 

Mounting Holes 
(x6) M6 x 1.0 

 



A.2 Drive Bracket Dimensions 

 
 

A.3 Shaft Encoder Adapter Dimensions 

 
 



A.4 Shaft Encoder Bracket Dimensions 

 
 

A.5 Proximity Sensor Bracket Dimensions 

 
 

A.6 Compass Bracket Dimensions 

 
 



A.7 Battery Tie Down Bracket Dimensions 

 
 

A.8 Bumper System Dimensions 

 

 
 



A.9 Mower Deck Hole Dimensions 

 
 

A.10 Electrical Enclosure Dimensions 

 
 
 
 
 
 
 
 
 
 
 



 

B – Electrical 

 B.1 Shaft encoder 

 

 



 
 
 



B.2 Proximity Sensor 

 
 



 
 
 



B.3 Microcontroller 

 
 

 



 
 



 



B.4 Switching Voltage Regulator 

 

 



 
 
 
 



B.5 Motor Controller 
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