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Integration of Capstone Experience and Externally Funded Faculty Research

Abstract

Capstone projects are important components in undergraduate educational experience. At Texas
A&M University, students are required to go through a two-semester design process to develop
new products. The capstone projects are typically sponsored by industrial partners. The industry-
sponsored projects allow students to work on real-world projects with inputs from engineers and
customers and have brought critically important benefits to the Electronics Engineering

Technology and Telecommunication Engineering Technology (EET/TET) programs at Texas
A&M University.

Recently, several capstone projects were sponsored by faculty members instead of industrial
partners. These projects played an important role of supporting some larger scale externally
funded faculty research projects. Undergraduate students involved in these projects as a capstone
team had to work with graduate students, faculty members, and potential customers. Software,
hardware, interface, system integration, and testing all involved other researchers instead of just
the capstone team. In some sense, these kinds of projects resemble larger scale projects in
industry. In addition to the student learning during their capstone experience, the faculty
members were more motivated and more actively involved. In this article, a capstone project
sponsored by faculty members is discussed.
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Introduction

Capstone projects are important components in undergraduate educational experience. They have
existed in engineering schools for many years. The benefits of capstone projects have been
extensively studied in the literature. Surveys on this subject were provided by Todd et al.”® and
Howe™. The majority of the capstone projects involved industrial partners as sponsors and
stakeholders®'!. Familiarizing students with product development process and system
engineering is one of the approaches to better prepare students for real-world engineering
tasks™> 712 Improving the professional skills of students’, using capstone project as a part of
curriculum vertical integration effort®, service learning and community outreach®?’, providing
multidisciplinary training'?*?®, cultivating creative problem solving skills'’, and preparing
students for globalization***® are just some of the practices and potential benefits for capstone
projects.

At Texas A&M University, students are required to go through a two-semester design process to
develop new products. The capstone projects are typically sponsored by industrial partners. The
industry-sponsored projects allow students to work on real-world projects with inputs from
engineers and customers and have brought critically important benefits to the Electronics
Engineering Technology and Telecommunication Engineering Technology (EET/TET) programs
at Texas A&M University.

Recently, several capstone projects were sponsored by faculty members instead of industrial
partners. These projects played an important role of supporting some larger scale externally
funded faculty research projects. Undergraduate students involved in these projects as a capstone
team had to work with graduate students, faculty members, and potential customers to meet their
deadline for capstone projects and deadline for the externally funded research. Software,
hardware, interface, system integration, and testing all involved other researchers instead of just
the capstone team. This created new challenges in terms of team work, communication,
documentation, scheduling, and many other aspects of project management. In a sense, these
kinds of projects resemble larger scale projects in industry.

The importance of undergraduate research has been studied by many scholars over the past two
decades®131618.25293032 - The henefits of undergraduate research include its impact on a
students’ decision to pursue a graduate degree and a career in the science, technology,
engineering, and mathematics (STEM) workforce, research skills learned by students, and
learning other skills such as teamwork, communication, and presentation. While there is
overwhelming evidence provided in literature for the value of undergraduate research and
capstone projects, more research is needed in analyzing the benefits and drawbacks of making
undergraduate student capstone stone projects as a part of a faculty led externally funded
research projects.
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In addition to the student learning during their capstone experience, the faculty members were
more motivated and more actively involved in the capstone projects if they are parts of funded
research projects.

In this article, a capstone project sponsored by faculty members will be discussed. Two faculty
members in EET/TET program received external funding from American Public Power
Association to develop a low cost intelligent transformer monitoring device. The externally
funded research was divided into two smaller projects, one of which was a capstone design
projects conducted by two students.

The rest of the paper is organized as follows: Section 2 contains the details of the research and
capstone projects; the details of the capstone design are discussed in Section 3; Section 4
contains the results. Section 5 contains the conclusions.

1. Research project and capstone project

The power distribution industry is responsible for delivering power to millions of homes and
offices. An important stage in the delivery process is stepping down voltage from the high
transmission voltages, up to 100kV, to the lower 120V that one uses every day through wall
sockets. The process of stepping down voltages is performed by transformers.

A major problem with current transformers is that there is no effective, inexpensive way for
power distribution companies to gather the necessary performance statistics of a transformer
while it is deployed and in use within the power grid. Current solutions on the market are priced
outside of range for small utility companies. This results in too many unexpected transformer
failures which dramatically increase the cost of replacement units and, ultimately, the cost of
power to the end users. These factors give rise to the need for a low-cost solution that will
provide a means for reduced preventative maintenance as well as increased warning before a
failure.

Two faculty members from EET/TET program at Texas A&M University received funding from
American Public Power Association to develop a remote monitoring device for transformers that
can predict the remaining life of the transformers. It is expected that the information will be
wirelessly transmitted to a desktop computer or a cellular phone. The device would also have
data logging capability and be configurable by a technician using a laptop and direct serial
communication.

The research project was divided into two smaller projects. One led by the faculty members with
the support of two graduate students focusing on theoretical analysis and feasibility study of the
estimation algorithm. The second one was a capstone project carried out by two undergraduate
students. The undergraduate capstone team was tasked to design a prototype that has the
capabilities of collecting sensor data, processing the raw data including conversions and filtering,
sending alarms and text message to control center and designated users via cellular
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communication, and saving data to a USB device. The capstone team was also required to
implement the algorithm, which was developed and validated in MATLAB# by the graduate
students and faculty members, in a microcontroller. One of the faculty members served as the
sponsor and the other served as the advisor for the capstone team.

As a potential customer, a local utility company provided user requirements to the faculty team
and the capstone team. The requirements were first studied by the faculty and graduate students
team and the capstone team. The requirements were then divided between the research team and
capstone team.

2. Capstone design

The capstone team, working as a start-up company named “Outlier Engineering”, did extensive
work to understand the exact requirements for their product named “TransAlert™. This was the
first step of their product development process. The major requirements are listed below:

e Low cost (<$500);

e Small form factor (8°'x8’’x5”");

e Wireless capability for sending alarms, data, and text messages;

e Modbus TCP/IP communication with a host SCADA system;

e Wired communication with laptop for configuration;

e Monitor the load, ambient temperature, humidity, and vibration;

e Five additional 1/0O channel for future use;

e Data logging to USB for up to a year;

e Implementing MATLAB code for remaining life prediction and place holder for further

algorithm development;

e Self diagnostic capability;

e Nonintrusive to the transformer;

e AC voltage power source with battery backup;

e Two operational modes: research and production;

e Environment requirements: temperature (-40C to 80C operational, -40C-100C storage),

humidity (0-100%), EMC noise (in substations);

e User manual;

e Training for graduate students;

e Project documentation.
After some research, a conceptual diagram, as illustrated in Fig. 1, was created as a potential
product that meets the design requirements. A test matrix and a test plan were created, a part of
which is shown in Fig. 2. The tests are specified in the rows and the requirements are in the
columns. An “x” in a cell implies that the test in the row will be used to validate the requirement
in the column. The test plan provides specific information about how the tests are set up and
conducted; what equipments are to be used; and the pass and fail criteria.
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Figure 1: TransAlert Conceptual Diagram
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The capstone design team used Multisim and Ultiboard® to design the electronic circuit for
TransAlert. A part of the sensor board circuitry is shown in Fig. 4. The design was simulated
extensively in Multisim first followed by breadboard implementation for certain parts of the
design before the PCB layout was finalized. The copper top of the PCB is shown in Fig. 5.
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Figure 4: TransAlert sensor board circuitry
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Figure 5: TransAlert PCB Copper Top

A PIC24FJ256GB210 made by Microchip was selected as the microcontroller for TransAlert.
The firmware was designed by the capstone team. The top level state machine is shown in Fig. 6.
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Figure 6: TransAlert firmware state machine
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Two LabVIEW® VIs were created, one for configuration and the other for wireless data
collection. Fig. 7 illustrates the state machine for the LabVIEW VI for wireless data collection. A

part of the block diagram for the LabVIEW VI is shown in Fig. 8. Fig. 9 shows a GUI for
configuration of the TransAlert device.

The graphical user interface provided by the LabVIEW VIs greatly simplifies the configuration
and operation process of TransAlert. The capstone team also took pains to carefully document
their design. Details of hardware design were captured. Firmware and LabVIEW VIs were
modularized so that it is easy for further expansion of their functionalities. This is important
because after the capstone project was finished, the faculty led research project will go through
many revisions before the final delivery of their project. The transition from the capstone team to
the faculty and graduate students team provides a unique opportunity for the two teams to work
together, which is a real-world scenario for large scale engineering projects.
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During the entire capstone project, the students used project management tools®* to make sure
they could deliver the prototype and all the supporting documents in time and under budget. Cost
Performance Indicator (CPI) and Schedule Performance Indicator (SPI) were used by the
students. The CPI value indicates the efficiency in utilizing the resources allocated to the project.
The SPI value indicates the project team’s efficiency in utilizing the time allocated to the project.
More detailed discussion on CIP and SPI can be found in reference®’. Fig. 10 shows that they
were over the budget and behind schedule in the 5™ week. One of the challenges for this
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capstone project was to meet the larger research project timeline requirement while constrained
by the two semester capstone project timeline. This is one of the reasons that not all the faculty
research projects can be used for a capstone project.

CPlvs SPI

CH
Figure 10: Project status in 5" week

3. Results

The faculty and graduate students team developed an innovative algorithm, which is submitted
for publication®®. The alorithm was implemented in one of the place holders in the TransAlert
firmware. The TransAlert design was finalized, fully tested according to the test plan, and

deployed to a transformer in a substation. Fig. 11 shows the TransAlert device in operation. Fig.
12 shows the test result for battery backup requirement.
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Figure 12: Test result for battery backup time

Fig. 13 shows a deployed TransAlert device in a substation. Fig. 14 shows the real time wireless

data collection using a LabVIEW GUIL.
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Figure 14: Real time wireless data collection

Within two semesters, the undergraduate capstone team finished their project a head of the
deadline. All design requirements were met. The device has been tested in the laboratory and in
the field. The device deployed in a substation is has been monitoring a transformer since

November 2011.

4. Conclusions
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Combining a capstone project and externally funded research probably will not become a
majority in capstone design. However, if done properly as shown in this paper, it can provide
unique benefits to the undergraduate students, the graduate students, and the faculty members
involved in the projects. Compared to the industry sponsored capstone project teams, the Outlier
Engineering team had to work with the graduate students and faculty members during the entire
project in addition to the normal interaction with potential customers. The interactions between
the two teams and effects on each other’s timeline requirement provided the students with
additional opportunities in developing their project management skill and other soft skills. It has
been a great learning experience for all parties. In some sense, these kinds of projects resemble
larger scale projects in industry. In addition to the student learning during their capstone
experience, the faculty members were more motivated and more actively involved. Due to
limited number of such capstone design project, not sufficient data are available to conduct a
comparative analysis between this kind of faculty sponsored projects and the industry sponsored
projects. Educational research in this subject is worth further investigation.
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