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Abstract
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Students following the Mechatronics Program
stream at the University of Waikato often
continue to a MSc degree that can involve the
design of, or modification to, an Autonomous
Guided Vehicle (AGV). Our challenge is to
inspire and extend the capabilities of these
students, a success that can perhaps be measured
by the sophistication of the AGVs currently being
produced by our graduates.

2.1 Micromouse-Type Designs

1 Introduction
The Mechatronics Group hosted within the Department of
Physics and Electronic Engineering was established at the
University of Waikato in 1992. From inception, the
motivation of this Group has been the design of
Autonomous Guided Vehicles (AGVs). There has been a
steady evolution in the AGVs constructed by our Group,
from the initial small robots designed to compete in
micromouse competitions, to our recent multi-terrain,
Celeron GHz powered devices.
A significant problem discovered early in our history,
was that our traditional approach to engineering education
proved to be inadequate, in that students undertaking a
mechatronic-based MSc thesis were finding it increasingly
difficult to improve on the work of their predecessors. To
compensate for this, dedicated mechatronics courses were
offered in the students’ third and fourth years. The results
have been extremely encouraging, with the output of the
Mechatronics Group increasing in terms of both the
number of students enrolled, and the quality of the thesis
projects now being produced.
This paper will not discuss all aspects of our
university’s approach to mechatronics education, but
rather will focus on undergraduate and graduate AGV
designs (and modifications) as an exceptionally powerful
technique to provide mechatronics instruction.
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Mechatronic “Kits”
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In order for undergraduate students to fully appreciate the
interdependence of a mechatronic system, the
Mechatronics Group at the University of Waikato
endeavoured to create a mobile mechatron that could be
controlled in real-time by a person with only a limited
grasp of control system fundamentals. Our first attempts
were based upon our successful micromouse designs,
where we took a competition device, down-powered it,
simplified the transmission, and added a series of status
LEDs and control switches (Figure 1) [Donnelly, 1996].
Such a kit was limitedly successful, but could really only
be used to perform line- or light-following tasks, or
perhaps, for the more able student, straight line control
through a corridor. However, the students were not able to
modify the mechanical system in any way, and thus the
device was not a satisfactory teaching tool.

Figure 1: Trial Mechatronic Teaching Device

2.2 Lego DACTA
The Lego DACTA system based around the RCX brick
provided a far more satisfactory solution. At the core of
the RCX is a Hitachi H8 microcontroller with 32 K of
external RAM. The RCX possesses three inputs and three

outputs per brick, as well as an infrared serial
communications port. An on-chip, 16 K ROM contains a
driver that is run when the RCX is first powered up. The
RCX brick is illustrated in Figure 2. The black area is
where the output devices (i.e. motors) are attached; the
sensors are attached to the grey area. The buttons provide
for on-off, run, program or view modes. The infrared
communicator is to the left. Six AA batteries power the
brick, so there is a significant weight consideration to
consider when these bricks are used to construct a mobile
mechatron.

Figure 2: The Lego RCX Brick

A variety of sensors are sold with the brick, including
touch, light, temperature and rotary encoders. The light
sensors are active devices and can be used as proximity
detectors as well as (to a limited extent) to sense colour.
Actuators can be constructed from a variety of different
DC motors and transmission systems, and the plethora of
Lego components yields an almost infinite possibility of
mechanical designs.

2.2 RoboLab
The Lego DACTA system is complemented by an
extremely intuitive programming environment, RoboLab.
It is based on the LabVIEW system by National
Instruments, and uses icons to represent program
elements. The code (an example of which is illustrated in
Figure 3), permits multi-tasking and is structured so that at
the simplest level an eight year old can successfully code
a program, and at the more advanced level even university
students are challenged.

3.1 Motivation
Competitions are a widely acknowledged technique to
bring out the best efforts of students, especially if course
marks are related to competition performance. They can
also act as great publicity events. The final assessment of
one of the mechatronics courses at our university is to
compete in the specified competition. Typically the
students have three weeks to learn the RoboLab software,
construct their mechatron, and program it to complete the
assigned tasks.

3.2 The 2002 Competition
To encourage originality of designs (and also to prevent
copying of previous year’s work), the competition
changes each year. The 2002 event was staged on a
playing arena 3.2 m × 3.2 m where four mechatrons would
compete head-to-head.
Each mechatron must first
navigate through two right-hand turns in order to enter the
main playing area. Once there, the mechatron must detect
and pick up a round puck, and take it to the 35 cm wide
goal in the middle of the field. This goal can be accessed
on two sides, and is indicated by a continuous white light
to facilitate location by the mechatrons. The pucks are
worth 5, 10, or 30 points depending upon where they were
placed, and hence the difficulty required to obtain them
(Figure 4). Points for disabling an opponent were also
awarded to encourage aggressive designs.
In summary, points for the competition were awarded
as follows:
Getting a disk into the goal
5, 10, or 30
Fastest device into main playing area 5
Touching your mechatron
-1
Returning mechatron to start
-5
Pushing out a wall in the maze
-10
Pushing an opponent out of the maze 50
Disabling an opponent
50
RED

YELLOW
10 PTS

30 PTS

RED
30 PTS

WHITE
5 PTS

WHITE
5 PTS

30 PTS

30 PTS

Figure 3: A Segment of RoboLab Code
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Figure 4: The Playing Environment for the Lego Hockey
Competition

3 Robotic Competitions
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3.2 Contestants
The real success with the Lego robots has been the
freedom of the designers to be able to create radically
different mechatrons, and to give full reign to their
creativity. This is a significant improvement over our
earlier attempts that were centred upon a fixed
micromouse-type layout, that really only allowed us to do
simple wall, line or light following.
Historically, all the Lego devices constructed for these
competitions used two RCX bricks in order to provide six
input and six output ports. An example of such a design is
illustrated in Figure 5 “Mean Killing Machine”, a runnerup in the 2000 competition.

This was not the case, and the students proved to be far
more ingenious than their instructor.
Two devices
successfully produced multi-tasking software that in
parallel with obtaining pucks and scoring goals, would
produce a jamming signal that was picked up by the IR
receptors of their competitor’s bricks, completely
disabling them. If anything, this detracted from the
production of an exciting competition, and so will be
discontinued. However, the interest generated by this
competition was large, and it doubled as an excellent
publicity vehicle for our Department.

4 Larger Scale AGV’s
The more skilled and motivated of our undergraduates
often continue into a two-year MSc program, that includes
a large thesis project.
MARVIN (Mobile Autonomous Robotic Vehicle for
Indoor Navigation) was the first of our larger AGVs
(Figure 7). Locomotion is via two independently driven
DC motors in a wheelchair configuration, with castors
front and rear to provide stability. One student developed
the chassis and motor drivers [Loughnane, 2001], whilst
another developed a low-cost laser range finder using a
linear CCD and triangulation to provide centimetre
accuracy over an almost 10 m range [Hurd and Carnegie,
2000].

Figure 5: “Mean Killing Machine”

An exciting development this year, came from a pair of
students who decided that this format was not necessary,
and instead created two independent robots. These robots
were nominally connected at the beginning of the
competition, but divided as soon as the event began.
Essentially one device went about scoring goals, the other
was dedicated to disrupting the performance of the three
other mechatrons in the playing arena (Figure 6).

Figure 7. (a) The bare MARVIN (b) MARVIN “clothed”

Figure 6: “Scorpio-Block”

3.2 Evaluation
Each year the mechatrons become more successful in
completing the competition tasks, and certainly the
students benefit immensely from the practical AGV
experience. In future however, the points for disabling an
opponent will be removed. This feature was inserted to
give the competition more spectator interest, as it was
thought that the mechatrons would be crashing into each
other in a scaled down version of the “robo-wars”.
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Currently three MSc students are working on
MARVIN.
One is designing and implementing a
navigation, task planning and localisation system based on
odometry, beacons and a built-in map of the (static)
operating environment. Another student is improving
MARVIN’s control system and implementing the
commands from the task planning routines. Unfortunately
MARVIN looks very much like a Dalek from Dr Who,
and so the final student is giving MARVIN a “makeover”
in association with RoboTechnology (Wellington).
Although in reality, MARVIN is a shameless publicity
vehicle, we are claiming he is a security robot. As such,
an idea we are exploring is for MARVIN to alter his shape
depending upon his “mood”. In its simplest form this

means providing a human with feedback when they are
speaking to him, i.e. a raised eyebrow or a tilt of the head.
A more complex extension of this is for MARVIN to
actually alter his size if he wants to be more threatening.
Eventually MARVIN will have an actuator so as to be able
to operate elevator controls, and will be able to recharge
himself from a specially designed mains socket. We hope
to implement these features in the next two years.
The Mechatronics Group, through a generous grant
from the Automation Systems division of Industrial
Research Ltd. (IRL), has been able to expand its fleet of
AGVs, the design and construction of which have formed
a number of MSc theses.
We particularly wanted to explore different forms of
locomotion and operation in different environments. One
of the first IRL supported mechatrons was a submersible
Remote Operating Vehicle (ROV) [King and Carnegie,
2001]. The craft, illustrated in Figure 8, was obtained in a
non-functioning form from Oceaneering in Singapore, and
an MSc project was devoted to rebuilding the motors,
completely replacing the electronics and camera system,
and providing a manual control interface on a laptop
computer connected to the ROV by a tether. Subsequent
projects have improved the electronics, added more
sensors, and made the system more reliable. Eventually
we want to equip the ROV with sufficient sensors that it
will be able to autonomously complete some assigned task
– though the localisation issues are not trivial.

Figure 8: The Submersible ROV

Another IRL supported mechatron is the track-laying,
multi-terrain device (Figure 9).
This MSc project
involved the student designing and constructing this
mechatron from “scratch” [Cordes and Carnegie, 2002].
Over 600 mechanical pieces needed to be individually
machined and assembled, even before the electronics and
control could be implemented. This mechatron is now
functioning, but only via a manual remote control.
A current MSc thesis is the construction of a pair of
robots to investigate cooperative robot behaviour. These
robots will be equipped with a front mounted actuator (so
as to perform some cooperative task – perhaps lifting a
plank of wood) and so will be based on a tricycle
arrangement (rather than the wheelchair of MARVIN) in
order to increase stability when under load.
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Figure 9: Track Laying – Multi Terrain Mechatron

5 Mechatron Control
Constructing a fleet of AGVs at almost the same time, has
given us the opportunity to develop a semi-generic control
strategy for these mechatrons. As mentioned, all the
larger AGVs have an on-board computer, and to this is
attached a Data Acquisition (DAQ) Card. At the moment,
Virtual Instruments (VIs) are written in LabVIEW to
interface the sensors and actuators with the processor.
This selection was based on historical reasons, our Group
having prior experience with LabVIEW (which proved
useful when we were faced with severe time constraints in
having MARVIN operational in time for a tour of 88
secondary schools). However, our higher-level task
planning and navigation is coded in MATLAB, and
presently we have to interface the two programming
environments together to drive the AGVs.
In the longer term this is not a satisfactory solution, and
we are investigating the complete replacement of the
LabVIEW system. A further complication is the difficulty
in producing any real time signals under a Microsoft
Windows operating system. An obvious solution is to
investigate LINUX, but as yet, we have not made that
leap, and instead have utilised either microcontrollers or
FPGAs to produce real-time signals (such as Pulse Width
Modulated (PWM) signals to drive the mechatron’s
motors).
Wireless LAN cards are fitted to all the mechatrons
except the ROV, permitting us to remotely monitor the
devices’ performance, and also to provide a manual
override if necessary.

6 Summary
5.1 Future Projects
We now possess, or soon will, working mechatrons based
on a wheel-chair arrangement, a tricycle arrangement,
self-laying tracks and propellers for submersible action.
We have built a prototype hexapod, and wish to scale this
up in the near future to obtain a mechatron capable of
traversing very uneven terrains, based perhaps along the
lines of the Hamlet hexapod of the University of
Canterbury, New Zealand [Fielding et al., 2001].
Several years ago the Mechatronics Group purchased a
model helicopter to investigate autonomous flight. With
an embedded microcontroller, we were able to achieve a

limited amount of success in terms of being able to
perturb the helicopter on a training stand, and having the
control system bring it back to equilibrium. In the future,
we want to explore training a neural network using data
from a human flying the helicopter in order to develop an
adaptive control system that would achieve full autonomy.

5.2 Conclusion
Our efforts to improve the mechatronics education at the
University of Waikato have been extremely successful as
measured by the increasing complexity of the mechatrons
being produced by our graduate students. Not only does
the design, construction or modification of these
mechatrons attract and challenge the students, but it also
provides us with research platforms at a fraction of the
price of purchasing them commercially. Additionally, the
skills that our students are obtaining are extremely valued
by industry, and currently our Group is running a thriving
export business given the high percentage of our graduates
who are employed internationally. We expect continued
successes and our fleet of AGVs to rapidly evolve in terms
of functionality and robustness.

Acknowledgements
The author, and the Mechatronics Group of the University
of Waikato are indebted to the generosity of Dr Richard
Templer and his colleagues at the Automation Systems
Division of Industrial Research Limited, and Neville
Fenwick of Oceaneering in Singapore.

G6

References
[Cordes and Carnegie, 2002] Jason C. Cordes & Dale A.
Carnegie. The Design and Development of an
Autonomous Multi-Terrain Mechatron. In Proceedings
of the Ninth New Zealand Electronics Conference,
Dunedin, November 2002.
[Donnelly 1996] S. Donnelly. A Mechatronic Teaching
Kit. Honours Project Report, University of Waikato,
Hamilton, New Zealand.
[Fielding et al. 2001] M. Fielding, C. Damaren and R.
Dunlop. Hamlet: Force/Position Controlled Hexapod
Walker – Design and System. Proceedings of the IEEE
Conference on Control Applications, 2001.
[Hurd and Carnegie, 2000] Shaun A. Hurd & Dale A.
Carnegie. Laser Range Finding for an Autonomous
Mechatronic Device. Proceedings of the Eighth New
Zealand Electronics Conference, pages 107–110, Lower
Hutt, August 2000.
[King and Carnegie, 2001] Jennifer C. King & Dale A.
Carnegie. Towards an Autonomous Submersible
Remote Operating Vehicle. Proceedings of the Eighth
New Zealand Electronics Conference, 9(2):171–216,
New Plymouth, September 2001.
[Loughnane, 2001] Daniel J. Loughnane. Design and
Construction of an Autonomous Mobile Security
Device. MSc Thesis, University of Waikato, submitted
February 2001.

