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Enhancing Engineering Education with Web-based
Instrumentation Design Projects
Abstract
An engineering instrumentation design project assignment has been enhanced and improved
using distributed internet-based data acquisition systems and web-based data dissemination.
Students design, develop, and install an instrumentation system to collect data on an aspect of the
operation of an on-campus building. Past instrumentation systems have included measurements
of airflow through ducts, power consumed by vending machines, and energy waste in an
overheated room. Measurement data is collected by National Instruments FieldPoint® data
acquisition systems, analyzed by National Instruments LabVIEW® software, and published to
the World Wide Web by a customized publishing system. LabVIEW® software provides student
design flexibility for public presentation of their system data. Raw and reduced data are saved,
once per minute, by LabVIEW® as jpeg snapshots of the project’s Virtual Instrument front
panel. Students construct a website for their project using a customized weblog authoring
system. The dynamic jpeg images are automatically uploaded to the weblog, thereby providing
real-time readouts of building data. A design proposal, complete with schedule and costs, is
submitted and reviewed by the professor. Periodic progress reviews and a final review are
conducted. Because students interact with their immediate environment, because data are
publicly available on the internet, and because they are involved with cutting-edge technology,
students display increased levels of personal investment and self-motivation in the projects.
Individualized project assessment by the professor provides opportunities to discuss the design
process, the differences between as-designed and as-built systems, the importance of meeting
cost and schedule constraints, and the challenges of developing continuously-operating, realworld systems.
1

Introduction

Calvin College’s Engineering Building was designed in the mid-1990s with the goal that the
building itself should be a learning tool for students. One way that the Calvin College
Enginereing Department achieves that goal is by assigning groups of students in the Engineering
Instrumentation class (ENGR 382) to design and implement systems that provide real-time
output of building data. In recent years, National Instruments LabVIEW® software1 and
FieldPoint® data acquisition hardware2 have provided the data acquisition and analysis
infrastructure for the student projects, making it possible to display real-time data on the internet.
This paper describes (a) the design project assignment given to the ENGR 382 students, (b) the
web-based authoring system developed to support the design projects, (c) past student projects,
including one in detail, (d) the educational outcomes from the design projects, and (e) challenges
to installing and maintaining the students’ instrumentation systems.
2

Design project assignment
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The objective of the design project assignment is for students to gain experience with design of
an instrumentation system, selection of sensors, installation of sensors, and integration of the

sensors into a larger data collection and reporting system. Students work in groups of 4–5, each
group having a small budget ($150) with which they can purchase sensors.
2.1

Project requirements

Requirements of the design project are
(1) The instrumentation system must be aesthetically pleasing.
(2) The instrumentation system must use a permanent power source. (Batteries that will
eventually require replacement are not acceptable.)
(3) The data must be collected via the existing LabVIEW® and FieldPoint®
instrumentation infrastructure.
(4) The data must be presented graphically on a web page with a link from
http://www.calvin.edu/weblogs/engr382.
(5) The web page must include a time history of the data.
2.2

Project schedule

Each design team follows the following steps through the semester.
2.2.1 Project selection
During the first two weeks of the semester, teams conduct project selection activities. The first
step is to review two pre-existing instrumentation projects. Doing so provides an opportunity for
students to assess existing designs and to learn design elements that work well. In the following
week, students select their design project topic. They may choose to enhance an existing
instrumentation project to improve its appearance, increase its educational value, or centralize
data collection. Or, they can develop an altogether new project. Project choice is left entirely to
the students.
2.2.2 Design proposal
Project design proposals are submitted and reviewed by the professor. The proposals are
formatted as technical memos and include the following items: a statement of project objective, a
discussion of the project’s educational value, an assessment of design tradeoffs and justification
of design decisions, engineering drawings, details of the mounting system, and a site map for the
project’s website. Students attach a bill of materials for the project that includes itemized costs
and delivery times. Purchase forms for each item on the bill of materials are required.
Project proposals are refined in response to professor feedback. The final proposal is due prior to
Spring Break, and equipment is ordered during the vacation week.
2.2.3 Installation and documentation
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Students begin testing and installing their systems after materials have been received and
inspected by the lab manager. Each project installation includes a laminated and mounted 1-page
writeup that describes the objective of the installation, provides operating instructions, and
provides the URL where real-time data can be observed.

2.2.4 Final review and grading
The final class session includes a walking tour of the project installation. All students participate
in the tour, and each team makes a short oral presentation and gives a demonstration of their
installation. Prior to the tour, a final checklist is provided so that the chances of student success
are maximized. During the tour, the professor compares the installation with the final checklist.
3

Web page authoring system

To assist students to meet the design project requirements regarding web publishing of real-time
data, the Teaching and Learning Digital Studio3 (within Calvin College’s Information
Technology department) developed a website authoring system for the ENGR 382 class. This
authoring system has the advantages of automating the display of real-time data, automatic
creation of navigation links for each project’s website, requiring minimal ongoing maintenance,
and standardizing the appearance of design team websites.
The website authoring system is based on a weblog authoring interface (ExpressionEngine4). The
following figure shows the organization of a typical ExpressionEngine weblog.

Figure 1. Typical ExpressionEngine Weblog Structure.
The next figure shows how the ENGR 382 website fits within the weblog website structure.

Figure 2. Instrumentation Laboratory Website Structure.
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Students use a browser-based interface to create, edit, and publish their website. Images showing
real-time data from instrumentation systems are saved by LabVIEW® to an upload folder
attached to a “production” computer that runs student Virtual Instruments (VIs) created with

LabVIEW® software. The production computer uploads the images to the ENGR 382 weblog
where they are incorporated into the student project websites. The following figure shows the
data flow from remote sensors to the internet.

Figure 3. Website Authoring System.
4

Example student instrumentation projects

During the Spring 2006 semester, 6 teams of 4–5 students each developed instrumentation
system projects. The following table summarizes the projects and illustrates the range of project
concepts developed by the students.
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Table 1. Spring 2006 Instrumentation Projects.
Project Name

Objective

Measurements

Drinking
Fountain

Estimate the
coefficient of
performance
(COP) of the
drinking fountain.

Water flow rate,
power
consumption,
temperatures

Window Waste

Estimate heat loss
through the
windows in the
engineering
building.

Internal and
external window
temperatures

Refrigerator

Analyze the
steady state
performance of
the refrigerator in
the Engineering
Building.

Internal and
external
refrigerator
temperatures,
power
consumption

Internal
Combustion
Engine

Assist
Intake and exhaust
thermodynamic
temperatures
analysis of engine.

Tensile Tester

Update a tensiletest machine to
use modern data
acquisition system

Transient
applied load and
sample stain

Heat Loss in
DeVries Hall
Airlock

Estimate the cost
of heating the
airlock

Air temperatures
and door status

Installation
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5

Heat loss from the DeVries Hall airlock

This section provides a detailed description of one of the instrumentation projects from the
Spring 2006 semester.
One of the design teams in the Spring 2006 instrumentation class chose to develop an
instrumentation system that estimates the heat loss rate from the airlock at the entrance to
DeVries Hall. The airlock is usually far warmer than both the outside air and the ambient air in
the building, and the students realized that a few temperature measurements would enable realtime heat loss rate estimates. The following figure shows an exterior view of the airlock.

Figure 4. Exterior View of DeVries Hall Airlock. (The airlock faces South.)
The instrumentation system measures temperatures of (a) airlock radiator surface, (b) airlock
ambient air, (c) DeVries Hall ambient air, and (d) outdoor air. The installed thermocouples are
unobtrusive and barely noticeable, as the following figures show.

Figure 5. Installed Thermocouples.
Left: radiator surface, Center: airlock air, Right: DeVries Hall air.
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Note that the airlock air temperature sensor (Figure 5, center) has been coated with white paint to
minimize solar energy input to the thermocouple. And, it has been insulated from the anodized
aluminum frame to minimize convective and infra-red radiative heat input to the sensor.
The next figure shows sensors that detect door openings and closings.

Figure 6. Door Sensors.
Left: closed, Right: open.
The instrumentation system also includes a heat transfer model of the airlock that estimates the
rates of heat transfer among the outdoor air, the airlock, and the interior atrium. From the heat
loss rates, an energy cost estimate is made.
The LabVIEW virtual instrument developed by the students displays the measured temperatures,
door status, and heat transfer rate estimates on a single screen. The following figure shows the VI
output as visible on the internet.
6

Educational Results

Comments on student evaluations indicate that they appreciate their introduction to LabVIEW®
instrumentation software and believe their experience may be beneficial for their future careers.
Most students indicate that they enjoy the group project because it is perceived to be a “real
world” experience, meaning that the end product is something visible and tangible.
While the student evaluation comments are beneficial in understanding the impact of the design
project assignment on students, narrative accounts of student experiences are also helpful. The
following story is, perhaps, the best example of student involvement to date.
Students developing an earlier incarnation of the drinking fountain project blew out a water flow
meter (electrically) in the process of installing their instrumentation system. They were
devastated and asked their professor what they should do. After hearing what went wrong, the
professor turned the tables on them and asked a simple question: “What would you like to do?”
The students said that they didn’t care about their grade. They just wanted to see their system
work. Their response was surprising, because the professor assumed the students would request
grading leniency. Instead, the students desired a successful (working) project. In the end, the
professor worked with the students to obtain additional college resources to complete the project.
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Figure 7. Example LabVIEW® Output.
What was happening there? Four 3rd year male students were in their professor’s office, nearly in
tears, because their project didn’t work. But, they weren’t upset because they feared a poor
grade. They simply had to make their system work. Their instrumentation design project was no
longer an assignment: it had become a responsibility.
In subsequent meetings with the students, the professor had the opportunity for meta-discussions
with the students about engineering design and the engineering profession. Their instrumentation
design project illustrated how engineers pour themselves into their designs, how part of the
engineer ends up “in” the things they create, and how, as a result, engineers take significant
responsibility for their creations. In this case, the students stopped caring about their grade;
instead caring more about their instrumentation system and what its operational condition
ultimately said about them.
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I believe this transformation from assignment to responsibility occurred because of several
factors. (1) The instrumentation design project was challenging enough that the students had to,

literally, “pour” themselves into it. (2) The instrumentation design project was relevant enough
to the students’ lives so that they began to care about it. (In this example, the students were
curious about the performance of the drinking fountain and wanted to learn about its energy
efficiency.) And (3) LabVIEW® software and FieldPoint® hardware provided a platform from
which the students could envision a system that could measure and report the performance
parameters that interested them.
7

Challenges to implementation

There have been several practical challenges and barriers to implementing the student-designed
systems described above.
•

•
•

•
•

8

The architecture of the Calvin College Engineering Department subnet was significantly
changed between the first and second years of the instrumentation project assignment.
The first year’s projects have yet to be updated due to the significant time commitment
necessary for reprogramming student VIs.
A significant computer virus problem made the production computer ineffective for
running LabVIEW®. Thus, the entire upload system and weblog structure needed to be
re-built.
Students struggle to make their LabVIEW® VIs work on the production computer,
because the FieldPoint® configurations are computer-specific. If a student develops a
Virtual Instrument (VI) on a laboratory computer, some elements of the VI need to be reprogrammed on the production computer.
The usual range of student work quality means that some projects are extremely
successful while others are minimally acceptable. This is all part of the learning process,
but higher quality across the board is desired.
There is a long-term maintenance issue, because institutional memory is short. Secondsemester, third-year students develop the VIs and instrumentation systems, but they
quickly exit the class and move on to summer internships. Furthermore, they remain on
campus for only two additional semesters. Long-term, there is no one available who has
intimate knowledge of each instrumentation installation.

Conclusions

Despite the challenges to installing and maintaining the students’ instrumentation systems, the
sheer quantity of experiential learning taking place with these projects makes them worthwhile.
Students become heavily invested in the outcome of their design activities because they interact
with their immediate environment, because data are publicly available on the internet, and
because they are involved with cutting-edge technology.
9

Future work
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We will continue the instrumentation design projects in coming years. In Spring 2007, ENGR
382 classes will use LabVIEW® software and FieldPoint® hardware to design and implement
the instrumentation system for a 1.8 kW demonstration wind turbine to be installed at Calvin
College.
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