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The way a group works with each other is one of the prime factors in how much success they will achieve.  This is especially true in senior design groups which are so small that every member must have a great deal of interaction with each other.  The relative inexperience of senior design groups compounds a lot of the problems encountered.  Many of the difficulties that arise during the course of senior design will be a result of inexperience trying to tackle large projects, not from lack of technical skills.  This paper will examine the formation of my senior design group and what we have learned from our experiences so far.


Our group originally formed in the spring of 2004.  Josh Machacek and Larry Wendt worked together in the physics department.  They were brainstorming senior design projects they could do together starting in the fall.  They wanted to do something a lot bigger than the ordinary senior design project because they were unimpressed with some of the projects that were being done that semester.  Eventually they started talking about the DARPA Grand Challenge which they had seen on a couple of TV shows and websites.


The DARPA Grand Challenge is a contest that is being sponsored by DARPA with the blessings of Congress in order to build an autonomous vehicle.  This vehicle has to be able to traverse rugged terrain without any input from a human operator and can only use commercially available guidance signals, i.e. WAAS and GPS.  The contest had already been run once by the time Larry and Josh happened across it.  The best team had only completed 7.5 miles out of the 142 mile course.  This was obviously a good engineering challenge to take on.


Once Josh and Larry had selected a project, they set out recruiting people for the group.  They took the logical step of thinking about their weaknesses and trying to find people who could fill in these spots.  To determine what kind of person they needed Josh and Larry looked at the project requirements and what had gone wrong the first time the race had been run.  They then decided since they were both electrical engineers, with Josh being experience with EM fields and Larry control systems, that they would need someone to program the brains of the system.


This is where I joined the team.  I am double majoring in computer and electrical engineering, so they knew I could take senior design with them but still had a lot more programming experience than the average electrical engineer.  They first talked to me towards the end of the spring semester.


Our first item of business was getting approval for our project.  After talking about what we would have to accomplish, we decided it would be easier to pitch the project as a multi-year endeavor that future senior design groups could work on.  The mini-Baja project that the mechanical engineers work on served as our inspiration for this.  The group would also have to be a cross-disciplinary group.  The Grand Challenge competition encompasses aspects of mechanical, electrical, and computer engineering, as well as computer science.


With our first goals decided upon we began talking to the electrical engineering department about getting initial approval for the project.  This happened mostly during the summer of 2004.  In the middle of the summer it began to look like we would get approval to do the project.  At this point we began to talk with some of the computer engineering professors as well.


In order to get this far it was necessary to have a group leader.  Larry volunteered for this role.  Larry has quite a bit of passion for this project, so he was a great spokesman.  He was the point of contact for all of the professors we talked to.  Towards the end of the summer we made a presentation for Dr. Hudgins, who is the chairman of the electrical engineering department, and Dr. Patterson, another electrical engineering professor.  They gave us the go ahead to start on the project.


At this point I was talking quite a bit with Dr. Riedesel and Dr. Seth.  The group decided since I was the one with the most programming experience I would be the best person to do this.  I could comfortably talk with them about the programming aspects of the project.  I have also worked with Dr. Riedesel quite a bit with the ACM, so my personal contact helped there.


The entire group set out recruiting people.  We had a set limit of nine to ten people in the group.  We decided to target two mechanical engineers, and then try to split the remaining people between electrical and computer engineers.  This is where personal contact proved invaluable.  The criterion for being in the group was primarily based on how hard people worked.  Having a group member start slacking is about the worst thing to happen in senior design.  The people asked also had to have good personal skills.  This is necessary for a group to work well together.  Based on this, Tyson Stewart, Nic Heath, and Travis Rutjens joined the group.  They are all computer engineers with a strong interest in electrical engineering, so they could work on both ends of the electrical equipment.  Tyson Stewart convinced Dennis Nelson to join the group.  Dennis is a mechanical engineer who was very excited to work on the project.  Dennis was also an excellent addition because of his contacts within the mechanical engineering department.  Our final team member is Rob Rudebusch who joined partway through the semester since he was serving in Iraq for the last year.


After selecting the group roles had to be decided upon.  Since Josh, Larry, and I had been working on the project the longest we are informally the head of the group.  Larry is the official team leader, both for the university and on the DARPA paperwork.  Officially I am the alternate team leader.  My leadership role is mostly interfacing between the electrical engineers and computer engineers.  In reality, almost all final decisions are made collectively by the group.


We further divided the responsibility between group members.  While an ordinary senior design group of three to four people could probably get along with just an official team leader, we had to further delegate roles.  This is where the mini-project model from the electrical engineering senior design came in useful.  In the electrical engineering senior design all groups must submit a list of three to seven mini-projects they will work on in the first semester that will contribute to the overall project.  In our group we took the list of mini-projects and assigned them to people who had strengths in the required area.  For example, Josh and Rob are working on a sonic sensing system since they are good with sensors.  Larry and I working on controls, and the remaining computer engineers are focused are writing a GPS driver and pathfinding algorithms.  


Now that our group has been working on this project for almost a year, we have faced many problems and have learned much about group work.  The first thing we have found to be essential is clear communication.  Just because our teammates are our friends does not mean we can leave anything up in the air.  Some of the biggest problems we had once the entire group was assembled was communication.  People did not know what they were supposed to get done before the next meeting, or did it incorrectly.  We started using a web forum hosted on Nic Heath’s computer to aid in discussions.  This allows for various topics to be discussed and materials uploaded.  Being able to upload papers, links to valuable web sites, and documentation has proven very useful.  We are also utilizing email quite a bit.  


Clearly defining goals is highly important.  The group goals can be roughly divided into two areas.  The first is long term goals.  These should be stuff like what the project should do when finished, when critical subsystems should be built, and major paper submissions due for class.  These goals are usually pretty light on details.  Having them be vague on details may sound counterintuitive to some but I have found it to be better this way.  In all reality, a group will not be able to determine the specific functionality of the final project.  An example of a good long term goal in my mind is saying “The vehicle should be able to traverse up to 100 miles without the need for human intervention and following the DARPA Grand Challenge guidelines.”  A bad goal goes into unnecessary specifics, such as “The vehicle will need to go 100 miles at an average speed of 20 mph with an internal combustion engine utilizing radar, ultrasonics transceivers, and GPS.  All software will be coded with C++ and will use all open source software.”  


The second goal is just too specific and will end up tying the group down to unrealistic and unrealizable expectations.  As Dr. Hoffman told our senior design class, the point of senior design projects are to do things that are initially beyond your capabilities and knowledge.  This means the group members will have to do research and learn new skills during the course of the project.  This will probably mean some of the initial ideas the group has for accomplishing their project will be impractical.  However, by determining this, the group will hopefully find new approaches to the problem that will lead to a more attainable solution.


One tool that is useful for dealing with long term goals is a timeline.  More specifically, GANT and PERT charts are very effective.  These are tools developed to aid in project management.  We did not use these at first, contrary to what Dr. Hoffman advised us to do.  Looking back, our group feels that they would have been very useful.  We regret not making use of them in the beginning, where they would have helped us foresee future problems, and given us a solid framework for evaluating our progress.


Short term goals are also very necessary.  For us, these goals have been research and subsystems of the project.  These usually take anywhere from a week to a month to accomplish.    Some of our short term goals have been to research sensor systems, contact sponsors for potential donations, and build simple test circuits.  Josh Machacek and I created some simple guidelines for these that we expect to be fulfilled.  The guidelines are such things as what the project will cost, how much time it will take, when it will be finished, and what will be learned from it.  This helps to assure us that progress is being made on it.


A necessary component of creating goals is prioritizing them.  Many criteria can be used to prioritize them.  Money, time, difficulty, and usefulness all contribute to deciding what goals need to be accomplished first.  In our project money has been a huge issue.  Even though we have secured outside funding, we could easily blow our entire budget on one subsystem.  We had to focus our attention and resources on the absolutely necessary systems to get any type of working vehicle first.  This meant going with one sensor system, one GPS receiver, one computer, etc. at first.  To have a truly great project more would be needed, but the resources just are not there.  Any successful group will have to decide what hardware and software will be needed to provide basic functionality, and work their way off of that.


The final thing our group has learned to do well is keep documentation.  The electrical engineers of the group are required to keep notebooks that detail all of our efforts.  We keep notes on what happens at every group meeting, what we do on our own, and general thoughts on the project.  We have found these to be invaluable at meetings when we try and recall specific details about the project or what we have done.  We are also careful to print out any datasheets concerning components we are considering using.  Anything too long too print out, like certain standards documentation, is saved and either emailed to the group or uploaded to the forum.


In retrospect, our group could have done many things better.  We would be farther ahead by now if we were working at the level we are now.  However, some things must be learned by experience.  Hopefully the ideas presented in this paper will prove useful to future groups.

