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Robotic Laser Tag: A Capstone Design Experience 
 

Abstract 

This paper describes a senior design project in which teams of electrical and computer 
engineering students design and implement hardware and software modules that allow an off-
the-shelf RC vehicle to operate autonomously using only on-board sensors and computational 
resources, including a custom FPGA board. The technical details of the project in its current 
form are highlighted, including the custom laser tag modules deployed on-board each vehicle 
that make possible a wide variety of one-on-one and multiplayer competitions that increase both 
student motivation and spectator interest.  

The overall structure of the course is discussed, including a project management framework 
shared with other technical projects offered concurrently.  The paper details the course 
competencies – specific, measurable skills and knowledge connected to learning outcomes for 
our degree programs – associated with the senior project course, and it includes an assessment of 
how well the robotic laser tag project meets these expectations. The organization of the project 
and supporting infrastructure is described in detail, as are the experiences of the first year of the 
laser tag project.  

Our experience suggests that projects using autonomous robots are well suited as culminating 
design experiences in electrical and computer engineering because of the technical challenges of 
creating vision, control, and communication subsystems that meet desired performance metrics 
and that can be efficiently integrated into a working ensemble. To reduce the cost of adopting 
projects of this type and to encourage other schools to choose this approach, source code and 
hardware schematics required for the infrastructure of our project will be made available to 
interested parties upon request. Furthermore, the creation of an international tournament of 
small, vision-guided autonomous vehicles is proposed, patterned after high-profile contests using 
larger vehicles, but better suited for the participation of undergraduate student teams. 

Introduction 

Over the past several years, a number of graduate and undergraduate students in the Electrical 
and Computer Engineering Department at Brigham Young University have been involved in 
faculty-directed projects developing and enhancing small, autonomous vehicles. Given the 
popularity of robotics, the practical importance of communication, vision, and control 
subsystems in robotic systems, and the fact that these subsystems operate on principles that are 
core topics in electrical and computer engineering, it was only natural to create opportunities to 
expose more of our students to the technical challenges in this increasingly important area. The 
current Robotic Laser Tag project builds on a decade of experience with other robot-based senior 
projects1-4, the most recent of which focused on creating a base of hardware and software that 
makes it possible for an off-the-shelf RC vehicle to operate autonomously5-6. Once a functional 
and stable base was achieved, the project was enhanced by adding a laser-tag capability to the 
vehicles making it possible for them to play a wide variety of multiplayer games. The addition of 
this functionality to the project not only increases student interest, but it also helps achieve a 
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secondary goal of the robotic projects from the outset: attracting public attention and local media 
coverage to an engineering achievement that everyone can appreciate.  

The substantial technical challenges of the project, in turn, present problems for faculty members 
managing the project. The administrative challenge is to organize the overall project experience 
in such a way that student teams have enough structure and support to succeed while preserving 
open-ended design and implementation challenges. Moreover, the project must be scaled in such 
a way that the required effort is consistent with the credit hours of the project course they are 
enrolled in. 

In the next section, the technical aspects of the project are discussed, including the resources 
made available to the students, functional requirements of the resulting system, and some of the 
more challenging problems they must solve along the way. We then describe the overall senior 
project framework within which this design project is administered. That is followed by a 
discussion and assessment of our experiences to date, as well as a discussion of future plans 
related to this capstone design experience.  

Technical design  

The immediate predecessor to the Robotic Laser Tag project focused on the design and 
implementation of vision and control modules required for an off-the-shelf RC vehicle to drive 
itself through a visually distinctive course using only on-board vision processing. Teams in the 
current project use the same vehicular and computing platforms in their designs, so they must 
address the same set of design challenges encountered in prior projects.  Moreover, the current 
project retains many of the operational rules from prior projects using the same platform.  

One requirement for the competition is that all sensors and processing must be on-board the 
vehicle. Each team has a base-station (desktop) computer that communicates wirelessly with the 
team’s vehicle, but once play begins, only START and STOP commands can be transmitted from 
the base-station, since operation is otherwise required to be fully autonomous. There are no 
restrictions on transmissions from the vehicle to the base-station during play, and teams often 
stream vision and state information to provide visibility into the actions of the on-board control 
and vision systems. 

The computational demands of real-time vision processing are met through the use of a custom 
computational platform7 equipped with the reconfigurable logic resources of an FPGA, a 
PowerPC processor, and memory (32 MB SDRAM, 1 MB SRAM, 16 MB flash). The size (6.5 
cm × 9 cm), weight (37 g) and power consumption (<1.5 W typical) of the computing platform 
make it ideally suited for vision-based control of small, autonomous vehicles.  Because it offers 
support for both custom computational blocks in hardware and conventional software execution, 
this computing platform can support the high levels of performance required for real-time vision 
processing at 30 or more frames per second with 640×480 images. 

After the vehicle and computing platform were used for a few years, virtually all teams 
demonstrated considerable skill in identifying objects and driving through the environment. 
Knowing it was time to extend the project in some way, we first searched for an existing robotic 
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competition where our platform could be used – participation in a larger venue was desired to 
increase student interest, increase the visibility of our program, and attract additional project 
sponsors. When no suitable competition was found, we elected instead to create additional 
infrastructure for our platform making it possible to play a form of “capture the flag” based 
loosely on a popular open source game8.   In head-to-head versions of this competition, each of 
two competing teams has its “flag” placed initially at its own base. To win the game, a team must 
capture the “flag” of the opposing team and move it to its own base, all the while avoiding the 
capture or disabling of its players by members of the opposing team.  

Rather than build hardware manipulators to allow the use of physical objects as flags, we elected 
to employ laser tag hardware to obtain and pass the flag, as well as to tag opposing players. (We 
also thought it important that a wide variety of other competitions would be possible with the 
same laser tag units.) Cost constraints associated with our project and size and power constraints 
associated with our vehicles precluded the use of off-the-shelf laser tag hardware, so custom 
hardware and software units had to be designed and implemented to provide the desired 
functionality.  The creation of a custom “game system” became a big part of the Robotic Laser 
Tag project from the outset, and students have participated in the development of this 
infrastructure as part of their assigned work for the class. Each semester, students from opposing 
teams work together to build or modify common infrastructure, even as the same individuals are 
contributing to the design efforts of their own team. 

The laser tag “game system” requires the presence of a second computational system on each 
truck (separate and distinct from the first that runs the vehicle’s vision and control code) so that a 
desired rule set can be enforced during competition. Furthermore, the game systems on the 
vehicles communicate with each other via a dedicated wireless link so that there is a consistent 
global view regarding the state of each player and the location of each flag. For example, our 
game systems control the laser cannon, which, according to game rules, cannot be fired if the 
vehicle is in a state that does not permit that action. By using a separate embedded system to 
enforce the rules, it eliminates the possibility of a team benefiting from a malfunction in their 
own code that fails to enforce the game rules. Similarly, there is no possibility of a player 
reporting that it was missed by the shot of an opposing player when the shot was, in fact, a hit. 

Fig. 1 shows an initial concept drawing of the game system on each vehicle to support the 
competition. As can be seen, it includes a fixed forward-pointing laser, a 360-degree light 
detector, a ZigBee wireless modem, status lights that reflect team affiliation and vehicle state, 
and a microprocessor to control the game system.   Shots are made by orienting the truck to point 
at another game system (on a truck or a team’s base) and then sending a message using light 
pulses.   Messages are sent in the IRDA standard physical layer serial format9, but a low-power 
red (650 nm) laser was employed rather than infrared.  The message is one byte in length, 
including fields with message type (two bits), the team of the shooter (two bits), and the vehicle 
number of the shooter (four bits).  A shot is determined to be a “hit” only if a target truck or base 
receives a well-formed message. Message types include shots to disable an opponent, to revive a 
disabled teammate, to obtain a flag from a base, or to pass a flag to a teammate. (To support 
different game rules, new message types can be defined in a straightforward way.) P
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Fig. 1 Concept drawing for the game system 

If a vehicle receives a shot, its on-board game system relays that fact wirelessly to the game 
systems of all other vehicles so that all (including the shooter) will be apprised of the state 
change. The game system on each truck controls the status light displaying the player’s state. 
The light can be seen from all directions, and the color indicates whether the player is currently 
active or disabled and if it is in possession of a flag. Thus, reliable and consistent state 
information can be determined visually by the on-board vision systems of other players, as well 
as by human spectators watching the action. The team affiliation of each player is displayed in an 
identical fashion by a separate light. Note the importance of having a dedicated subsystem in 
tracking and displaying reliable state information: errors in team code cannot affect the accuracy 
of this information or the enforcement of game rules.  

 

Fig. 2 Game system controller board 

Three boards were designed to support the game system. The first board is the game system 
controller (Fig. 2) that includes: 

• an Atmel ATMega 328 microcontroller with 32K flash memory, 
• a sound effect system based on the Keterex KX1400, 
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• a 10 channel LED PWM controller based on the Maxim MAX 6966, 
• a header for a Digi Xigbee Wireless modem module, and 
• a connector for an Aptina sensor array headboard (video camera). 

The controller board has the same dimensions as the custom board with the FPGA and PowerPC 
that runs team-specific vision and control code on each vehicle. The controller board stacks on 
top of the FPGA board through a stacking header. 

The second board is a 3-inch diameter LED ring board with 8 RGB LEDs connected in parallel 
and arrayed in a circle.  Two stacking LED ring boards are used to display status information and 
team affiliation.   A PWM controller can modulate the three colors to display any desired color, 
and a diffuser is placed around the board to produce uniform color and brightness.  The third 
board is used for shooting and receiving shots; the laser mounts on the bottom of that board, and 
the top has 12 photodiodes in a ring for detecting shots. This board is the same size as the LED 
ring board and it is the bottom board on the tower.   These boards are shown assembled into a 
tower and attached to a truck in Fig. 3. 

In this second year of the project (2011), the initial design was revised. The most important 
change is using a powerful 2 W LED with a focusing lens in place of the 5 mW laser. In practice, 
ambient light made it very difficult to detect the low-power beam of the laser, and the new 
design results in more reliable operation of the laser-tag mechanism.  Also, the size of the ring 
boards on the tower was increased to a 3-inch diameter, putting more space between the LEDs 
and the diffuser resulting in a more even color.  Finally, we improved the way the game system 
attaches mechanically to the truck.  In most other aspects, the essential design features of the 
original design remain in place (e.g. the encoding of information in shots/messages, etc.). 

 

Fig. 3  Vehicles with light tower and game system installed (2011 design) 

The operational details of the new competition format require teams to address a variety of 
specific challenges that did not arise in driving a visually distinctive course.  First, each player 
must maintain some sort of internal map of the playing field that will allow it to navigate to 
specific destinations and perform the actions required to win. Our competition takes place in an 
open, rectangular space in which the opposing bases are placed about 40 feet apart. One or more 
navigation markers are placed in known positions relative to the bases. Each marker can be 
uniquely identified, and each is marked in such a way that the viewer’s angle to and relative 

P
age 22.1262.6



distance from the marker can be estimated, thus allowing each player to determine its own 
position in the playing space. (See Fig. 4.) Naturally, the objects that serve as navigational aids 
must themselves be avoided as obstacles when navigating the space. Additional obstacles can be 
added to increase playing complexity if desired. 

 

Fig. 4  Image from on-board camera of navigation markers 

A second challenge is determining the location and state of players on the opposing team. The 
only source of this information is through the processing of images captured by the on-board 
sensor. Once the player knows its position and that of opposing players in its vicinity, a third 
important challenge is to make an intelligent decision to act, whether that is to drive in a 
particular direction, to assist a teammate, or to try to foil the actions of an opposing player. In 
comparison, the decision space of driving a visually marked course is very small.  

To aid teams in the development of their algorithms for player localization, navigation, and 
intelligent play, a detailed simulator of the competition has been developed. The simulator 
allows teams to explore their high level strategies and playing algorithms in parallel with their 
efforts to make their hardware platform operational, and this can dramatically increase the 
competitiveness of their resulting code.  The simulator was designed and coded by students as 
part of the common infrastructure. It is written in C sharp and based on a client-server model, 
where each vehicle is associated with a separate client process that communicates via sockets 
with the single server. At each time step, the server takes as input the desired actions of each 
client, determines the resulting state, and communicates it to each client. The interface for each 
client shows the state of the playing field from the point of view of the simulated vehicle, while 
the server shows the state of the entire simulated playing field from above. The simulator allows 
each vehicle to express its intended actions at a level consistent with the hardware-control 
interface on each vehicle.  

In summary, there are a variety of open-ended technical problems that each student team must 
address to have an autonomous player that can operate effectively.  Particularly with respect to 
real-time vision processing and navigation strategies, the design space is very large, and 
innovative solutions that lend themselves to efficient implementations are often rewarded. 
Because our project is structured as a competition between teams, the participants are usually 
highly motivated to work hard to win, but they must also avoid being overly ambitious in their 
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design approaches. Thus, the project gives students valuable first-hand experience in scoping 
projects and estimating the difficulty of completing a sequence of tasks. 

Course structure 

Students at our university majoring in electrical or computer engineering are required to 
complete a one-semester, 4 credit hour senior project course.  Multiple sections of the class are 
offered each semester, and each is associated with a different technical project and directed by 
different faculty members. Within our degree programs, these senior projects satisfy the ABET 
requirement of a “major design experience based on the knowledge and skills acquired in earlier 
course work and incorporating appropriate engineering standards and multiple realistic 
constraints.”10 Project offerings vary over time, based on faculty interests.  Examples of other 
projects (past and present) include: autonomous quad-rotor helicopters, software-defined radios, 
mobile ad-hoc sensor networks, and network-enabled MP3/MPEG-II players on FPGAs. Some 
projects were defined in partnership with industrial sponsors and many were made possible by 
generous equipment donations and/or financial support.  All projects offered in the same 
semester share a project management track that meets twice each week and that focuses on a 
systematic design process, teamwork, and presentation and writing skills. Under the direction of 
faculty advisors, participants in each project meet for an additional two hours each week to 
address project-specific assignments, schedules, and technical issues.  

Each technical project requires the application and integration of knowledge from a particular set 
of sub-disciplines; a corresponding set of prerequisite junior- and senior-level courses is listed 
for each project. Students enrolling in a specific project are required to have completed at least 
one of the prerequisite courses; each team must have one or more members with background in 
each critical area. Prerequisite courses for the Robotic Laser Tag project include courses in real-
time embedded systems, control systems, C/C++ programming, and VHDL design. The project 
also requires knowledge not addressed in prerequisite courses – most notably in the areas of 
computer vision and system integration – so students have to come to grips with new technical 
material as is typical of real-world engineering projects. Essential background for these topics is 
provided through both lectures and online tutorials. 

Projects are much too ambitious in scope to be completed by any student working alone, so 
teamwork is essential in completing each project.  The senior project course is unique in our 
curriculum in its emphasis on teamwork and its team-based structure: assignments are completed 
by teams rather than individuals, and – with few exceptions – all members of each team receive 
the same grade for the class.  Teams are generally formed on the very first day of class, and 
team-based assignments follow quickly for both the technical and project management tracks. 
For the Robotic Laser Tag project, team sizes have ranged from five to seven students. Each 
team selects a leader to coordinate their work and to provide weekly progress reports to faculty 
advisors.  Once teams are formed, they organize themselves, choose a team name, and partition 
the work to be done among team members according to their interests and background.   

Team assignments associated with the project management track focus on the creation of formal 
documents that constitute a portfolio describing their design. Teams also have monthly design 
reviews attended by instructors, teaching assistants, and (occasionally) representatives of the 
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project sponsors. Teams do not attend design reviews of other teams, so design and strategy 
details can be freely divulged without fear of losing any competitive advantage. Robotic Laser 
Tag teams use the Trac open-source project management system11, a wiki and issue tracking 
system that also includes an interface to the Subversion file archiving and version control 
system12. Teams also create web pages as a repository for their design documents and software. 
These are password-protected to limit access to team members during the course, but they are 
made available to the general public (and hence future teams) at the end of the semester. Having 
access to the work of past teams makes it much easier for each new generation to improve on 
past performance, but this merely changes the focus to a different set of technical problems that 
must be addressed. In any event, no team can be competitive by simply using the VHDL and C 
code of past teams. Moreover, it is relatively simple for faculty advisors to change the nature of 
the tasks that the autonomous vehicles are required to perform, thereby changing the project’s 
technical challenges in substantive ways. 

The semester-long assignments associated with the Robotic Laser Tag project focus on preparing 
teams for a final competition near the end of the semester in a public setting.  The competition is 
generally held in conjunction with demonstrations and presentations from other senior projects, 
and the event often attracts a considerable audience of students, visitors, and representatives of 
local media.  Although most attendees do not fully understand the technical challenges involved, 
the concept of autonomous vehicles is intuitive and accessible, and the competition is intended to 
be entertaining to the general public. The desire to perform well before the anticipated crowd 
provides additional motivation to the students throughout the semester. Through their 
experiences in the senior project course, students learn a great deal about the challenges of 
managing an engineering design project with an aggressive schedule and a non-negotiable 
deadline for final completion. 

To ensure that teams make timely progress and are prepared for the final competition, a set of 
aggressive milestones with due dates are assigned, particularly for the first half of the semester.   
The details are subject to change each semester, depending on recent modifications to the 
project, if any, and the nature of the most challenging aspects of the design. Example milestones 
and timing are listed below.  

• Week 1: Form teams 
• Week 2: Show ability to reconfigure FPGA, download software to custom board   
• Week 3: Capture images with on-board camera 
• Week 4: Drive car wirelessly via human interface running on base station 
• Week 5: Navigate game environment in simulator 
• Week 6: Process images to find navigation markers, trucks, and bases 
• Week 7: Navigate actual playing field autonomously 

Once teams have established rudimentary operational skills – ideally about halfway through the 
semester – regular practice competitions are held so that teams can see what is working well and 
what needs to be improved.  
 
In addition to meeting the ABET requirement for a major design experience, senior projects are 
expected to satisfy a variety of observable and measurable outcomes defined by the department.  
These are stated in terms of competencies that students should demonstrate in the course of 
completing assignments associated with either the technical or the project management tracks, 
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and each course competency is associated with a specific learning outcome of our degree 
programs. Competencies defined for the senior project course are listed below. 
 
Technical Track Competencies: 

• Ability to take high-level customer requirements, identify specifications a solution must 
meet, and formulate those specifications as an engineering problem.  

• Ability to complete a significant culminating design that draws upon the knowledge 
gained in prerequisite courses. 

• Ability to maintain a team portfolio documenting the design process. 
• Ability to give a presentation describing team progress during a design review. 
• Ability to produce a written report describing a technical design. 
• Ability to give an oral presentation describing a technical design. 

 
Project Management Track Competencies: 

• Ability to establish and follow ground rules governing team behavior. 
• Ability to understand the expectations from other members on a team. 
• Ability to assign and accept leadership responsibilities on a team. 
• Ability to define, understand and participate in team decision-making processes. 
• Ability to understand the different skill sets each team member brings to a team.  
• Ability to understand expectations regarding participation of each team member. 
• Ability to produce and maintain required control documents on a design team. 
• Ability to apply principles of leadership and project management. 

Students are taught a structured process for capturing customer needs, and each team produces a 
formal Functional Specification Document that maps customer needs to product specifications. 
They are also taught an iterative process of generating and evaluating concepts to be employed in 
their design, and each team creates a Concept Generation and Evaluation Document that explains 
and supports their design decisions. Teams also produce a Project Schedule that requires them to 
define critical milestones, identify task dependencies, and assign people to tasks in an effective 
manner.  Together, these three documents constitute the portfolio that documents the ongoing 
design experience of each team.  Near the end of the semester, a final report is added to the 
portfolio that describes the completed design.  In many projects, including Robotic Laser Tag, 
teams are required to create web pages that include the documents from their portfolios and 
project-specific design artifacts (e.g., software, drawings, and photographs).  

Interim design reviews are scheduled for each team in or near the fifth and tenth weeks of the 
semester, and final design reviews are held at the end of the semester following the final 
competition.  Prior to the first design reviews, students receive instruction in the project 
management track on effective presentations.  In each design review, the team is expected to 
present the key features of their design, summarize their progress, identify unsolved problems, 
and outline their schedule for future work. Teams receive on-the-spot feedback from faculty 
advisors on their design plans and their presentations.  

Competencies associated with the project management track are assessed by performance on 
assignments associated with that portion of the course. Underlying principles of teamwork and 
leadership are presented and discussed early in the semester, and students have ample 
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opportunities to apply and explore these principles in their work together as a team over the 
semester.  Since all team members expect to receive the same grade, students are highly 
motivated to see their team succeed. 

One innovation was recently added to the senior project course to emphasize the leadership 
component noted as a competency above. In class, we discuss leadership qualities and principles, 
and we invite students to nominate individuals that exhibit examples of good leadership over the 
semester. Students receiving a leadership citation are recognized by the class and receive a small 
token of appreciation – a candy bar in our case.  Not surprisingly, leadership citations rarely if 
ever arise from someone telling others what to do; most frequently, individuals are recognized 
for seeing a need or a problem and fixing it or creating a solution for the benefit of all in the 
class, even for other teams. In our experience, the contributions of individual students over the 
course of a semester can greatly increase the likelihood of the overall project being a success, 
and we want students to be aware of how much difference an individual can make. 

Assessing our experiences  

The Robotic Laser Tag project is technically challenging, but, based on course evaluations and 
comments in exit interviews, students completing the project are uniformly positive about the 
overall experience. The vast majority of students do not mind working hard when they learn 
much that they consider useful and interesting, when they see their creative ideas come to 
fruition in a working system, and when the experience shows them that they can tackle 
demanding projects and succeed.  Several former students have pursued graduate study in areas 
of specialization that they were first exposed to in this project or its predecessors. Many students 
report that their participation in the project made a dramatic difference in their job interviews: 
they were able to discuss in detail how they addressed a variety of interesting technical 
challenges, and they had a variety of team-based experiences they could discuss.  

Our project is structured in such a way that almost all teams are successful. While some resulting 
designs have much better performance than others, with just one exception, every team 
participating in our robotics projects has been successful in meeting project requirements and 
producing a working result. (Individuals on the failing team simply did not consistently commit 
time to the project; missed milestones led to “interventions” with faculty, but the students were 
indifferent to the end.)  Moreover, our project is popular with students. The 86 students who 
opted for the Robotic Laser Tag project (or its predecessor) over the past four years represent 
approximately 25% of all students enrolled in the senior project course over that same period. 

We feel that there are several advantages of design projects involving robots. First and foremost, 
autonomous robots capture the attention of students and increase their motivation, helping them 
stay on task when things get challenging. Secondly, well-conceived competitions involving 
autonomous vehicles are effective as a form of outreach to the general public, sending a clear 
message that engineers get to do work that is both interesting and fulfilling. Our final 
competitions can attract large crowds, including representatives from the local print and TV 
media, potential engineering students, and potential project sponsors who wish to promote the 
public perception of engineering. Third, it is relatively easy to change the competition rules so 
that teams consistently face new design challenges while using essentially the same hardware 
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platform employed in previous years.  For faculty advisors, this reduces the overhead of 
managing the project and makes it much more feasible to sustain a multi-year project. 

A variety of significant challenges must be addressed to offer a project along the lines of Robotic 
Laser Tag. First and perhaps most obvious of these is obtaining the required equipment and 
hardware resources, including the vehicle itself and a suitable embedded computing platform. 
Other than the custom FPGA board we use, the hardware for our project is all relatively 
inexpensive. Nevertheless, financial support from industrial sponsors has been essential in 
helping us acquire and construct the infrastructure used in our current project. Our department 
has been generous in providing desktop computers (at least one per team) to serve as base-
stations and to run the FPGA CAD tools. A second problem is closely related to the first: teams 
need space to work together and to test their vehicles; in our experience finding space is a 
challenge that must be addressed each year. 

A third challenge is simply managing all the hardware and software elements required for the 
project once they are acquired. In practice, it is essential to have one or more knowledgeable 
teaching assistants to help with a myriad of details, ranging from checking out equipment, to 
training students in the proper handling of expensive PCBs, to wrestling with the seemingly 
endless changes in CAD tools for FPGA synthesis, to personally tackling tricky technical 
problems that come up. In the best case, the TA will have had experience in the project as a 
student during a previous semester. A fourth challenge is creating enough essential infrastructure 
that teams can be successful, even in the first year of a new project or after a major change to an 
existing project.  In some instances, students or faculty members can create the desired modules 
before the project course begins, but funding and time constraints make this difficult. An 
alternative that has been successful in the Robotic Laser Tag project is to have the students help 
build the shared infrastructure as part of the class. Each student is assigned both to a team (for 
the competition) and to a “group” (with representatives from every team) with specific 
responsibility for some portion of the shared infrastructure. For example, student “groups” have 
helped with the design and development of the on-board game systems, as well as the simulator 
used in the Robotic Laser Tag project. 

The evidence suggests that the overall senior project framework employed in our department is 
effective in accomplishing its intended objectives. The present framework effectively leverages 
department resources and strengths, provides opportunities for undergraduate mentoring, exposes 
students to cutting-edge technical problems, and gives them valuable experience with a 
structured design and development process.  Our department has undergone ABET accreditation 
reviews twice since adopting this senior project framework, and both times evaluators 
complimented us on the strength of our senior project program. 

Conclusions and future possibilities 

We have described a senior project framework that has been effective in providing students with 
an exposure to both interesting technical topics and a structured design and development process. 
This approach to senior projects is popular with students and industrial sponsors, and it has 
received strong approval from ABET evaluators.  We have also described the Robotic Laser Tag 
project, a technical project within that framework that focuses on real-time vision and control for 
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a small autonomous vehicle.  We believe this project achieves a good balance between the desire 
to expose students to cutting-edge problems and technology, and the desire to have students 
experience success in solving a difficult design problem. The project makes use of knowledge 
from multiple sub-disciplines and it provides a good team experience in which each student can 
play an important role as a team member.  

The project continues to evolve, and we anticipate that it will continue to play an important part 
in our curriculum for several years. The newly added game system will make possible a wide 
variety of non-trivial multiplayer games that will require related skill sets. In the future, we look 
forward to adopting competition formats that require a variety of innovations such as these: 

• More precise position and speed control of the vehicle. 
• More flexible communication to coordinate the actions of multiple agents per team. 
• Exploration and mapping of the playing field modified for each game.  
• More creative playing strategies for more elaborate multi-player games. 
• More capable navigation and vision systems to handle additional object types. 

Because this project has worked well as a culminating design experience for our students, we 
encourage faculty at other schools to pursue similar projects.  To lower the entry cost, we are 
willing to share the hardware and software materials we have developed, and we welcome 
inquiries from individuals or institutions wanting to use some or all of our platform. As noted 
above, we think that this robotics platform is ideally suited for senior projects, and we welcome 
partners in defining regional, national, or international inter-collegiate competitions that would 
showcase the best teams from each participating institution. 

 
 
 
References 
 
1. J. K. Archibald and R. W. Beard, "Competitive Robot Soccer: a Design Experience for Undergraduate 

Students", 32nd ASEE/IEEE Frontiers in Education Conference, Boston, MA, pp. F3D-14 to F3D-19, 
November 2002. 

2. J. K. Archibald and R. W. Beard, "Goal! Robot Soccer for Undergraduate Students", IEEE Robotics and 
Automation Magazine, Vol. 11, No. 1, pp. 70-75, March 2004. 

3. C. Archibald, E. Millar, J. D. Anderson, J. K. Archibald, and D. J. Lee, "A Simple Approach to a Vision-
Guided Unmanned Vehicle", SPIE Optics East, Intelligent Robots and Computer Vision XXIII: Algorithms, 
Techniques, and Active Vision, 60060J, Oct. 23-26, 2005. 

4. B. B. Edwards, W. S. Fife, J. K. Archibald, D. J. Lee, and D. K. Wilde, "A Design Approach for Small Vision-
based Autonomous Vehicles", SPIE Optics East, Intelligent Robots and Computer Vision XXIV: Algorithms, 
Techniques, and Active Vision, 63840L, Oct. 2006. 

5. D. Wilde and J. Archibald, "The Robot Racer capstone project", 2009 ASEE Annual Conference, June 14-17, 
2009. 

6. D. Wilde, J. Archibald, D.J. Lee, and S. Fowers, "Autonomous Vehicles: A Culminating Design Experience", 
Int. Conf. on Frontiers in Education: Computer Science and Computer Engineering, July 12-15, 2010 

7. W. S. Fife and J. K. Archibald, "Reconfigurable On-board Vision Processing for Small Autonomous Vehicles", 
EURASIP Journal on Embedded Systems, Vol. 2007, Article ID 80141, 14 pages, 2007. 

P
age 22.1262.13



8. "Battle Zone Capture the Flag", an open source multi-player cross-platform online game, homepage: 
http://bzflag.org, 8 March 2011 

9. Trade Association for Defining Infrared Standards, IrDA System Protocol consortium web site: 
http://www.irda.org, 8 March 2011 

10. ABET, Criteria for Accrediting Engineering Programs. Available: http://www.abet.org, 8 March 2011 

11. Edgewall Software, “Trac: Integrated SCM & Project Management”, http://trac.edgewall.org, 8 March 2011 

12. Apache Software Foundation, “Subversion, an open-source version control system”, 
http://subversion.apache.org, 8 March 2011 

P
age 22.1262.14


