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1. INTRODUCTION 

Team Capra is proud to represent the École de Technologie Supérieure (ÉTS) for the 6th Annual 

ION Robotic Lawn Mower Competition. Each year brings some new challenges for our team and 

our robot. All members are excited to participate to this event, some for their first time and others for 

another year. 

This year, we are back with our lawn-mowing robot called Herbinator for its second turn at ION. 

Because it was brand new last year, we unfortunately were unable to have satisfactory results in 

last year's competition.  

The expectations are high this time, since we've had a year to improve the aspects that didn't work 

well one year ago. Improvements have been made in all fields of the project, including 

management, software, mechanics and electronics. We are now very anxious to see how our robot 

will perform on the field for this year's round. 
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2. TEAM OVERVIEW 

2.1  Team 

Capra team includes ÉTS students with various areas of knowledge. Throughout the years, the 

team's members changed constantly, some students having completed their studies and leaving 

the team and new people coming in as we recruited them. We put a lot of effort in recruiting and 

transferring knowledge to all areas of the projects. 

Our team is separated in four sub-teams. We have the administrative, electronics, mechanics and 

software teams and each of these needs to communicate with one another for the benefit of the 

whole. This is why we have a leader for each sub-team so they can organize meetings and 

synchronize the work to be done.  

 

Figure 1 - Team overview 

By comparing this year's team to the one we had last year, one will note a lot of changes in both the 

administration and the active members themselves. Nine people have left, and we managed to 

recruit fifteen new members so they could bring their expertise to the project. 
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2.2  Projects 

Our team works on two major projects all year round since Capra currently has two robots, each 

one specifically built for its own competition. Herbinator is designed for the ION Automow 

competition and our older robot RS3, which took part in this competition in the past, is now used 

exclusively at the IGVC competition. 

We have many kinds of projects for both robots; some being large scale development work and 

other being small tasks which need to be done. They might either be mechanical, electrical or 

software in nature. Smaller projects are often given to newer team-mates with the help of older 

members, and this contributes to pass on the knowledge to the newer generations of “Capriots”. 

2.3  Recruiting 

As mentioned earlier, we managed to recruit 15 new members this year. Our practice is to welcome 

anyone willing to participate in our robotics science club. The objective for this approach is to 

benefit from every little (or larger) effort offered by each. All members are part of the team on a 

voluntary basis, studying at the same time. Such recruiting therefore brings a variety of expertise 

which we need to be more efficient at what we do. 
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2.4  Development process 

The methodology used this year is based on Agile Unified Process (AUP) [1]. This methodology 

consists of a series of small iterations of 2 to 4 weeks. These iterations start with a meeting to 

define a set of requirements which are needed to achieve our goal. We then define the most critical 

or complex needs and start developing and testing the solutions. At the end of the allocated time a 

new meeting takes place to discuss the success or failure of that solution. This allows us to uncover 

the areas of risk and to keep the many developing teams aware of our advancements while 

minimizing the possibility of incompatible features. Here is the schema representing the 

development process. 

 

Figure 2 - Agile Unified Process 

Since this technique requires prototyping and proofs of concepts we had to use simulators for the 

mechanical, electrical and software development in order to pinpoint problems and avoid financial 

losses. The first prototypes were made with the help of Solidworks® for the mechanical team, 

Orcad® for the electrical team and a homemade simulator for the software team. Afterwards, we 

could take the proof of concept one step further either with miniaturized prototypes for the 

mechanical team or breadboards for the electrical teams. As for the software team the concepts 

were tested against the simulator.  

2.5  Tools 

At Capra, we use Edgewall Trac, a multi-faceted tool. We use it mainly for planning, organizing 

documentation and to provide all team members with a quick access to all of Capra's files through 

its integrated SVN access. It provides a quick way to gather or note information quickly. It also 

includes true project planning functionalities, such as task tracking and Gantt chart generation.  



 
 

CAPRA – HERBINATOR  ION Robotic Lawn Mower Competition 

 

8 / 26 

Using TRAC helped us by centralizing all needed capabilities under one roof. It also assisted us in 

securing our data since it requires a unique login and password (given to each team member) 

before providing any access to the information. 

Communication is a crucial part of any team's ability to work efficiently. It needs to be quick, 

practical and reliable. The Google Groups service essentially addresses all those concerned in the 

simplest way. Each team member is part of this group, thus providing very useful functionalities 

such as:  

·  content pages creation 

·  group-mailing 

·  quick document attachment 

The first two are those we use the most, since our documents are already stored on the SVN server 

and accessible with TRAC. 

Most of our members are constantly on the move, either for their studies or internships. Even so, 

we were able to maintain a good level of communication throughout the team, thanks to both 

Google Groups and to our members' willingness to share their thoughts and activities. This has 

helped us greatly in experiencing constant progress in our projects. 
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3. VEHICULE OVERVIEW  

3.1  Design overview 

Herbinator has four wheels: two motorized wheels at the front and two swivel wheels at the back. 

The chassis is made of welded 1 inch aluminum square tubing. The total weight of the robot is 

about 200 pounds, and overall the robot is 43 inches long, 30.5 inches wide and 43 inches high, for 

a cutting width of 18.5 inches. The robot is powered by two 24V batteries, one for the electrical 

systems and one for the motors and drive. 

The presentation of the robot is broken down in three sections, representing the three teams 

working on the robot: mechanical, electrical and software. First, the mechanical section will describe 

the choices made for the structure and frame. After this, the electrical section will show the 

electrical system and sensors and how those components communicate with the computer. Finally, 

the software section will describe the artificial intelligence and vision systems used to control the 

robot.  

 

Figure 3 - Herbinator overview 
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3.2  Vehicle cost 

The ÉTS is the main funding source to pay for most of our administrative, competition and material 

expenses. Nevertheless, we maintain relationships with a number of organizations that act as 

partners, providing pieces of equipment as well as other perks. Some of these partners have been 

contributing for many years to the success of the team. Each year we try hard to find new 

partnerships to give us a hand, either by funding or donating equipment we need for our robots and 

we successfully achieve this. Table 2 shows the main components of the robot, the real price, the 

price we paid and the sponsor associated with the component, if sponsorship occurred. 

Table 1- Vehicule cost 

Component Detail cost Price paid Sponsor 

Batteries $400 $160 Batteries Expert 

Electronics $800 $800 Labo Circuit 

Encoders $340 $275  

Electric motors $1,400 $100  

Grass Trimmer $80 $80  

GPS $19,000 $4,600 NovAtel 

IMU $1,500 $1,275 MicroStrain 

Lawn mower $250 $175  

Mechanical $200 $200  

LCD screen $300 $300  

Omni-Wheels $220 $120  

Omnistar service $2,500 $0 Omnistar 

Computer $1,450 $450 Kontron 

Range Finder $6,500 $2,550  

Structure $600 $200 Palardy 

Wheels $60 $60   

Total $35,600 $11,345  
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4. MECHANICAL DESIGN 

4.1  Concept design  

The design for Herbinator has been designed based on the lawnmower competition’s specific 

requirements and the experience that we acquired in the past years. The main characteristics are 

listed below: 

·  A mower is positioned under and at the center on the robot. 
 

·  Most of the weight is located on the lower part and at the center of the vehicle to gain 
stability and manoeuvrability. 
 

·  The robot is simple and modular so it can be easily disassembled for repairs and 
maintenance. 

 
4.2  General Description 

Herbinator is a four-wheel vehicle. It has two pneumatic motor wheels of 13 inches at the front and 

two free swivel wheels at the back. The vehicle has a length of 43 inches, a width of 30.5 inches 

and a height of 43 inches. It has a total weight of 250 pounds. Also, the robot is completely covered 

with aluminum 6061-T6 of 1/16 inches for weight and cost consideration. This act as a shell to 

protects all the electronic and mechanical components. 

4.3  Propulsion 

For the propulsion of the vehicle, two electrical motors are used. Each motor is connected to a 

sprocket, which is connected to the driveshaft of the front wheel by a chain. This mechanism is 

present on both sides of the vehicle. The choice of a drive chain provides a reliable and robust 

mechanism in a difficult work environment. In case of a system failure due to a break in the chain, 

maintenance can be made easily and quickly compared to a system based on a belt and pulley.  
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Figure 4 - Herbinator propulsion system 

4.4  Frame 

The frame is completely built in aluminum 6061-T6. This grade of aluminum is light and is easy to 

weld. The mechanical properties of this material allow it to perform according to our high standards. 

The upper structure of the robot is completely welded by GTAW, and the lower structure is bolted 

so it’s easier to remove parts for maintenance and adjustments. 

 

Figure 5 - Herbinator frame 
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4.5  Range finder holder 

The laser range finder has the capacity to be adjusted in order to face different ground conditions. 

The range finder is adjustable in height and also in orientation, and the handle at the bottom allows 

simple adjustments. 

  

Figure 6 - Herbinator range finder holder 

4.6  Lawn Mower 

The mower is positioned under and at the center of the robot. This is why most of the weight is 

located on the lower part and at the center on the vehicle to gain stability and manoeuvrability. A 1 

hp motor is used for the mower, and the blade’s height can be adjusted by turning the handle. 

Finally, a safety was placed around the blade as on every traditional lawn-mower.  

 

Figure 7 - Herbinator lawn mower design 

4.7  Mechanical innovation 

Because of the poor result at last year’s competition, we decided to review the propulsion system. 

After many brainstorms, we concluded that many things could be improved at different stages but 

then realized that the more efficient way to improve something was to review the mechanical design 
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of the wheels. We were also concerned about the safety of the range finder and the calibration of 

the IMU. So this year three major improvements have been developed for Herbinator: new wheels, 

a bumper and a holder for the IMU have been added. 

4.7.1  Wheels 

We met some problem with the propulsions. This schema shows the consequence of using four 

rubber wheels. To eliminate this problem we found two potential solutions: swivel wheels and Omni 

wheels. 

 

Figure 8 - Wheels thinking process 

Swivel wheels 

To make the rotation of the vehicle easier, we decided to remove the two rear rubber wheels. We 

built two brackets on the back of the robot to hold the swivel wheels. Now the robots can turn easily 

because only the two front wheels have the traction and the swivel wheels will follow the front ones 

(Slave wheels). 

 

Figure 9 - Swivel wheels design 
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Omni wheels 

Omni wheels are made of a larger diameter main wheel with small discs around the circumference. 

These discs are perpendicular to the rolling direction. The main wheel will roll with full force, but will 

also slide laterally with great ease1. 

 

Figure 10 - Omni wheels design 

We have developed the Omni wheel concept with a design software. Furthermore, with computer-

aided manufacturing we created a program to machine these on a CNC milling machines. The 

Omni wheels are made in aluminum and the discs are made in Teflon. 
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4.7.2 Bumper  

We also realized that it was very important to protect the range finder, one of our most expensive 

components. We built an aluminum tubing bumper in front of Herbinator to protect the sensor in 

case of a collision.  

4.7.3 Holder for the IMU (Inertia measurement unit) 

A holder has been created for an easier calibration of the IMU. The holder has a plate that allows 

360° rotation, and is detachable so it can be place d on another robot. Before adding this tool the 

calibration was done manually on a table, inducing manipulation errors. Now, the calibration is 

made by turning the rotating plate, avoiding calibration mistakes 

.  

Figure 11 - IMU holder 

 

 

 

 

 

 

 

 

                                                                                                                                                                   
1 http://en.wikipedia.org/wiki/Omni_wheel 
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5. ELECTRICAL DESIGN 

The electrical groups have the task to connect the artificial intelligence with the mechanical parts of 

the robot. The main task of this team is to create a system that controls the behavior of the robot 

according to the commands sent by the artificial intelligence. This year, the main goal was to make 

a robot as reliable as possible on the electrical side. We concentrated our efforts on the control 

system and on the GPS system. 

5.1  Computer 

The computer is used to make all the processing needed to control the robot autonomously. In 

other words, if this computer stops working during the competition, the robot will not go anywhere. 

We also need a computer that uses the smallest amount of energy possible without compromising 

the speed. For these reasons, we absolutely needed a solution that is durable, reliable and efficient. 

Last year, we installed the Kontron EXT-CD Computer-On-Module embedded computer in the robot 

and it proved to be a really good choice for our application. The reasons for this is that the computer 

is fast, reliable and stable, regardless of what it encounters (vibrations, movements, bumps, etc).  

This computer is powered by a Intel Core 2 Duo processor running at 1,66 GHz. This processing 

power is more than enough for our needs, and its power consumption is very reasonable. We chose 

a processor more powerful than what we needed for longevity purpose. We don’t want to have to 

change it every year because the AI is more complicated and takes more processing power. 

One of the interesting features of this computer is that it works with solid state hard drives. This 

technology is very well suited for our application because it doesn’t contain fragile mobile parts like 

a conventional hard drive. These solid state hard drives make the computer a lot more reliable in 

hostile environments. 

Finally, we have a LCD touch screen installed on the robot to control or debug it more easily.  This 

add-on is crucial when we want to do software changes on-the-go. 



 
 

CAPRA – HERBINATOR  ION Robotic Lawn Mower Competition 

 

18 / 26 

5.2  Actuators and control system 

The robot is moved by two 1/3 HP brushed DC motors (one on each side of the robot). These 

motors are usually used to move an electric wheelchair so they have a lot of usable power to 

deliver. We use a RoboteQ AX1500 drive to feed these motors with the right amount of power. This 

drive has a current output of 30A per motor, more than enough for our needs. 

To use these motors, we had to analyze its behavior very precisely to be able to create a reliable 

control system. To do this, we did a lot of tests on it to find all the constants we need to control it 

efficiently. Once we had these results, we took the old control system from last year and we 

modified it to react more accurately to the controls sent by the computer. This should improve the 

robot reaction to the AI commands and give us a better cutting precision. 

5.3  Electrical system 

There are two major sections in the electrical system, each connected to a battery: the electronic 

section (computer, sensors and controller) and the power section (motors and drive). This allows us 

to change the motor battery without having to shut down the computer. Each battery is made of two 

12V batteries connected in series to get 24V, connected to the power supply through a 10A fuse 

and an anti-spark relay on the battery door to keep accidental sparks from happening.  
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Figure 12- Power wiring 

Also, our homemade power supply is compact and energy-efficient, since it was made to fulfill our 

particular needs. In addition, for ease of debug, it will switch from battery power to AC power when 

it’s plugged in, without shutting down the electrical system, and will switch back to battery power 
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when the AC is removed. The power wiring uses an easy to understand color code, preventing 

misunderstanding and allowing anyone to work on the robot with a minimal risk to break parts.  

Finally, as requested, we installed a simple safety system to stop the robot as needed. There are 

two relays that have to be activated to give power to the drive and motor, allowing the robot to start. 

The first relay is toggled by a big red button at the top of the robot, and the second one by a 

wireless remote control. Those buttons are both visible and easy to activate, and the robot will stop 

moving immediately if one of them is pressed. Finally, if those relays are activated, the mower can 

be started and stopped with the second button of the wireless remote control. 

5.4  Electronics 

The controller board, powered by a CAN-capable Atmel AVR microcontroller, interacts with many of 

the robot’s peripherals. Here is an overview of those communications: 

 

Figure 13 - Communications with the controller board 

The controller and the computer communicate with each others with a Ixxat USB-to-CAN Compact 

interface, allowing the AI to send commands to the controller. It then processes the information, 

along with the feedback from the encoders processed by the quadrature counter chips (LS7366) 

and available on an SPI port. Finally, the appropriate commands are sent to the drive, a RoboteQ 

AX1500, via a RS-232 connection. 
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5.5  Sensors 

We are using exactly the same sensors in the robot as last year. Here is a list of the sensors used: 

·   Renco optical encoders  : Keeps track of the motor movement with 360 counts per turn to 

acquire the rotation feedback of our wheels.  

·  SICK LMS 291 laser scanner  : Used to detect obstacles in a 180 degrees radium in front of 

the robot.  

·  OEMV-3 GPS receiver coupled with a GPS-532-C L1/L2 aircraft antenna  : These are used 

to receive a GPS signal to pinpoint the location of the robot. An innovation in relation with the 

GPS this year is that we use the Omnistar HP differential GPS service (we will talk about it in 

the “electrical innovations” section).  

·  Microstrain 3DM-GX1 inertial measurement unit  : Used to feed our movement information 

back to the computer for more precision and to detect changes in the terrain angle. 

 

Figure 14 - Communications between the sensors and the computer 
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5.6  Electrical innovations 

·  For the GPS, our subscription with the Omnistar differential GPS service allows us to have 

an error of less than 10 cm with only one receiver. This gives us more flexibility and allows 

us to have an error of less than 1cm with 2 receivers connected in differential mode. This 

system is also a lot more reliable than the CDGPS (Canadian Differential GPS service) we 

tried to use last year. This innovation should increase our cutting precision by a lot. 

·  We installed an 8” touch screen LCD on the robot. This feature allows us to interact easily 

with the robot computer without having to access it via remote connection. This gives us a 

big advantage if we have to debug something or if we have to do some last minute setups 

on the robot. The other big advantage is that the robot becomes totally independent of any 

external peripherals. 

·  A new test and diagnostic program was created to help control the robot during tests and 

collect data by sending and receiving CAN-Bus messages directly from and to the controller, 

without interferences from the AI. We already had a basic tool that could send a few 

messages, but it couldn’t do everything that was needed to help setup the control system 

with the new wheels.  

The program is made of two parts:  a dynamic-link library (DLL) handling the sending and 

reception of the messages, and a Visual Basic GUI to select the messages to send and display 

and/or save the received messages. This design will allow anyone to reuse the DLL in other 

programs and scripts, without needing to know the implementation details about the CAN-Bus 

protocol and the Ixxat USB-to-CAN Compact interface. 
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6.  SOFTWARE DESIGN 

6.1  Positioning System 

The positioning system helps us stay on course. Our definition of position includes an orientation so 

we often talk about an oriented position, the implementation of any decent AI or behavior always 

use instances of « OrientedPosition » objects. For a given position, the cost of being there can differ 

enough to make a big difference depending on the orientation. 

To detect that information we need compute data coming from the IMU (used as a compass), GPS 

and encoders. Each one can be enabled or disabled from a configuration file, and we can combine 

them or even use none of them. When testing our AI indoors, we can rely on encoders to get the 

position and the orientation, but when we are moving on a field where the wheels are drifting then 

the IMU can really make a difference.  

All the information coming from sensors include a time stamp and is managed by a 

« PositionManager », which has the responsibility to maintain the most actual and accurate 

approximation of our oriented position. 

6.2  Software architecture 

Our robot is based on layer architecture that supply services from one layer to another in a 

unidirectional way. The lower layer is the IO layer and it has the responsibility to manage the 

access to data source like the range finder, GPS, camera and integrated measurement unit (IMU). 

The main advantage of this layer is to offer a first level of abstraction that gives us the possibility to 

change any device without loosing functionality under the condition that the new device fulfills the 

same tasks as the replaced device. The IO layer has no dependence on other layer but offers 

services to the Digitizer layer. Those services allow us to read and write data to the serial port, CAN 

bus and TCP/IP. 

The Digitizer layer uses the services of the IO layer, so it has a dependency on this layer. The 

Digitizer layer has the responsibility to convert the raw data from a device to a more generic format 

to be easier to process. This layer needs to be the least coupled with the devices to minimize the 

impact of changing one of them. We noted that in some cases if a device is removed, it can be 
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better and more efficient to develop a simulation of this device instead of modifying all of the above 

layers. 

The Purifier is the next layer that uses the services of the Digitizer. The Purifier use the sensor 

services implemented in the Digitizer layer to process the data even more and facilitate further 

manipulation. 

The AI layer is the most susceptible to change, so flexibility was our most important requirements. If 

the services fulfilled by the Purifier are well implemented and properly fined grained, the creation of 

an AI should be an easy task because the complexity is encapsulated in the lower layer. With this 

layer architecture with unidirectional dependency, our components have a higher adaptability and 

better responsibility attribution. 

The GUI layer is the most dependent layer, but an essential testing and simulation tool. The GUI 

layer can be plugged on any of the previously mentioned layers to inject data. This functionality 

allows us to simulate components and devices and deploy data from a layer level to another until it 

reaches the top AI layer. A graphical interface to monitor the robot behavior during testing is a part 

of GUI layer and a good example of what this layer is used for. Figure 15 shows the software 

architecture layers. 

 

Figure 15- Software architecture layers 

6.3  Obstacle detection 

The obstacle detection is being done using the range finder. This device uses a laser to detect the 

position of the obstacles in a 180 degrees range in front of the robot. The objective is to analyze the 

range finder's data to create a virtual grid which will be used by the artificial intelligence. The AI is 

then able to cycle a routine that says: “if there is no obstacle, go forward”.  

Our virtual grid is defined as an image of 320x320 pixels in which each pixel represents a distance 

of 1.95 inches (5 centimeters). The data received from the range finder is a vector that represents 
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an angle and a distance. The software then draws the obstacles on the image using the coordinates 

created with the data. On the image, our robot is localized in the center and as the robot is moving 

the image is rotating around this central point. This image is also shown in the GUI to compare the 

virtual representation to the real environment during tests. 

Also, we can configure a fading rate to define if we want the robot to keep the obstacles position in 

long or short term memory. This way, on a specific challenge we can set how long we want the 

robot to remember the position of the obstacles. If the robot comes back to an already navigated 

area, the new range finder's data will then overwrite the exiting obstacles, since they could have 

been generated from background noise. 

6.4  AI 

To make sure the robot accurately mows the field, we need to give it a representation of the 

environment. Let’s say we give it six coordinates to generate the bounds of the fields. With those 

coordinates, the program generates parallels lines representing the ideal path. But in reality, this 

ideal path can't be followed perfectly because obstacles will be in the way. 

Our approach is to stick to the ideal path as long as the way is clear. When an obstacle is on the 

way we simply chose another parallel line. The heuristics to choose the best parallels is based on 

the presence or the absence of obstacles and the distance from the ideal trajectory. 

The following diagram represents the decision of changing path to a parallel line that is clear and as 

close as possible to the ideal path. 

 

Figure 16 - Obtacle avoidance 

The obstacle avoidance is the riskiest part in the AI but respect of the safety zone is essential to 

perform well. As we said before, the program knows the bounds used to calculate the safety buffer. 
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The robot is allowed to get out of the mowing area but must never go out of the safety zone, so it 

always checks its position and stops the mower if it gets out of the mowing area. With these 

behaviors we can stay in the safety zone, mow most of the field and avoid obstacles. 

6.5  Software innovation 

In previous years, our robot used a relative positioning system to evaluate the bounds of the field. 

This means we input the starting orientation and position of the robot relatively to the field. This 

method had some evident flaws. First, a very small miss orientation would degenerate into a 3 feet 

(1 meter) derivation a few steps forward. A miss placement by few centimeters would also decrease 

the accuracy of the estimations and increase the risk of getting out of the mowable area. 

To diminish this error factor we implemented a mechanism that allows us to inform the robot of the 

real orientations of the field limits. We also included a way to feed the robot with the bounds as 

GPS coordinates. The old way is still available, but we hope we’ll be authorized to collect this 

information before our run. 
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7. CONCLUSION 

This year, the expectations are high for Capra and we believe that Herbinator is mature enough on 

all aspects (mechanical, electrical and software) to make a decent performance. After the deceiving 

results of last year, our team worked hard to bring innovative ideas for making Herbinator go to the 

next level. The incorporation of the new mechanical layout and the new GPS technology will 

increase Herbinator potential to have a brilliant competitive entry. Capra is proud to participate in 

this multidisciplinary project and its members always try to give the best of them to make the project 

evolve in the right way. 
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