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Abstract — In order to address the growing importance of virtual instrumentation, our institution began offering a
course entitled “LabView Applications in Biomedical Engineering”. The goal of this one credit course was to better
prepare students for their engineering practice by developing skills in virtual instrumentation and the creation of
biomedical device prototypes that involve real time physiological signal acquisition and processing. A hands-on
methodology that fosters creativity and self-driven learning was developed for this course. Students are taught using
a combination of traditional lectures interspersed with interactive examples, guided assignments, and self-driven
problems. Cloud computing is used to afford students with 24/7 access to the software, and homework is assigned
to help reinforce lessons outside of the classroom. The course culminates in a final project which tasks students
with developing biomedical monitoring device (ECG, EEG or EMG) including all the functionalities of like devices.
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INTRODUCTION

The Biomedical Engineering (BME) Department at the University of Miami has 14 primary faculty and
approximately 200 undergraduates spread out among three concentrations: premedical, electrical and mechanical.
The industrial advisory board of the BME department (after reviewing information gathered on recent graduates and
the state of the industry) determined that our graduates would be better able to compete in the labor market if they
given more exposure using modern computer tools for: 1) develop prototypes for real-time processing of
physiological signals and 2) perform mechanical design and modeling. They advised the BME department to teach
Pro-Engineer (or SolidWorks) to students in the mechanical concentration, and to teach LabVIEW, to the students in
electrical concentration..Since BME industry is fertile ground for BME graduates and this dynamic industry requires
more entrepreneurs generating new jobs [1], the craftsmanship and design skills will enable the BME graduates to
capitalize on this opportunity and create a high and lasting impact in society.

Because of the nature of the Biomedical Engineering field, undergraduate studies in BME are necessarily broad.
Yet, in order to impart the fundamental principles of engineering upon students, BME undergraduate curricula must
also provide depth. During their studies, students are required to learn biology and physiology in addition to basic
engineering science, which itself requires strong fundamentals in calculus, physics and chemistry [2]. As a result
the curriculum is overcrowded (135 credits in four years, compared to 126/127 credits in Mechanical/Electrical
Engineering). As new tools and concepts become important in the industries which students will enter, they must be
incorporated into the curricula in such a way that they have a minimum credit impact.
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Following the advice from the industrial advisory board, BME began offering a single credit course entitled “BME
507: LabView Applications in Biomedical Engineering” as a requirement for electrical concentration students.
Additionally, the course was also open as a technical elective to students in the other concentrations, or to students
in the graduate program.

In recent years, LabVIEW has become a prevalent tool in many engineering curriculums [3]. Initially the course was
taught as a conventional lecture, where the different language tools and structures of the software were introduced in
a systematic fashion, closely following the text book by Bishop [4]. While an excellent source book and teaching
tool, the systematic method utilizing Bishop's book was not conducive given the limited credit allocation of the
course and the varied background of the students enrolled. By the end of the initial semester, most students, while
expressing an interest in the software had not reached a level of depth with the program to feel comfortable using it
outside of the confines of structured exercises. It was necessary to efficiently teach a broad spectrum of concepts
and foster confidence in the use of the program, all while maintaining a limited course credit impact and still
meeting the expectations of a diverse student population. The proposed solution shifted the emphasis from a tool
oriented discipline (like conventional engineering programs) to a more problem oriented discipline (like medicine)
without compromising its engineering character (design and craftsmanship). This strategy has helped to grasp the
attention and harness the motivation of both the pre-medical students, more sensitive to the clinical considerations,
and the electrical and mechanical concentration students whom are more open to the technical details.

COURSE DESCRIPTION
Course Objectives

The overall objective of the BMES507 course is to introduce and familiarize BMEs with virtual instrumentation and
the LabVIEW software. The end goal is to provide students with the ability to develop a fully formed virtual
instrument (VI), capable of acquiring, processing, displaying and storing real time bio-signals, by the end of the
semester. The major challenge in teaching this course is to reach the level of sophistication set out in the goal in a
1-credit hour course, where students typically have zero familiarity with the LabVIEW software prior to enrolling in
the course. Additionally, while the course is only a requirement for students in the electrical concentration, students
from other concentrations, or from the graduate level often exhibit interest in learning the software and enroll.

These students have varying familiarity with general programming concepts.

Course Strategy

The strategy adopted to teach BMES07 involves three phases. Each class session is focused upon teaching a number
of programming concepts or features of LabVIEW. Initially, the concept of the lecture is presented to the class via
the white board or projector, similar to a “traditional” class lecture. Students are expected to take notes and are
encouraged to ask questions during this phase. After the concepts have been introduced, the class moves into the
second phase, which consists of a guided example. Here, students are exposed to the new material "in situ" so to
speak, within a concrete application. During this phase, a predefined problem is developed and solved in the
LabVIEW environment that illustrates the concepts and or LabVIEW features that have just been presented during
the first phase of the class. The instructor’s terminal is projected on screen for the whole class to see, as he moves
through each step in solving the example. During this time, students follow along on their own terminals,
developing the example simultaneously. Questions from students are encouraged, and if and when they arise,
immediately expounded upon, so that the class as a whole might benefit from the addition insight. Upon completing
the guided example (or examples), students are presented with a self-guided exercise which is also designed to
reinforce the day’s topics (a sample assignment is provided in Appendix 1). Typically, these self-guided exercises
are posed in the form of a problem, which can be solved utilizing the tools the students have been exposed to during
the day's session. During the self-guided phase, students work independently at their own terminals to develop a
solution to the problem in the LabVIEW environment. Students are encouraged to come up with unique solutions to
the problems, and the instructor is available for on demand, one-on-one help. While the instructors always have a
particular solution in mind, a concerted effort is made to not stifle unique approaches to the problems that might be
taken by the students. In providing guidance to the students, the instructor(s) will try and point out the flaws or
faults in the students particular solution, rather than trying to steer the student back towards the “prescribed” method
of solving the problem. In this way, the self-driven assignments provide the added benefit of helping to bolster the
students problem solving and debugging skills. At the end of each class session, students are given a homework
assignment to complete before the next class session in order to further reinforce the week’s topics. Each student is
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provided with access to the LabVIEW software via the University’s Cloud (ViAComp) computing system so that
they can complete the homework at their convenience.

Over the course of the semester, exercises and examples are designed in such a way that they build on each other
from class to class, ever increasing in complexity. Students are taught to incorporate old exercises into new VIs as
sub-VlIs in later exercises and projects (the course material is designed to lend itself to this outward expansion). For
instance, in an early exercise, students develop a VI which implements the conversion of Celsius to Fahrenheit.
Later they incorporate this into a more complex VI which allows the user to select from a number of temperature
scale conversions. These VIs ultimately are incorporated into a larger program with acquires real temperature
values from the environment using a thermistor and allows the user to select from a number of different temperature
scales to display that information.

COURSE CONTENT
Course Materials and Structure

Currently, the BME 507 class room is equipped with 8 student workstations and 1 instructor workstation. For any
given semester, the enrollment is capped at 16 students (2 per workstation), but typical enrollment ranges between 5
and 12 students. Each workstation consists of a computer with the LabVIEW software and installed PCI 6024
acquisition board, a function generator, a PowerLab bio-amplifier, and a LabVIEW BNC-2120 interface box.
Additionally, over the course students will utilize a number of hardware elements which will either send information
to be processed by LabVIEW or be operated by signals coming from LabVIEW. Hardware includes:

e  Thermistor and Thermocouple

e Photodiodes

e RED/GREEN/BLUE Light Emitting Diodes (RGB LEDs)
e Servo and stepper motors (See Appendix 1)

Creating VIs which can interact with a number of different types of hardware shows students the versatility and real
world impact which virtual instrumentation can have, and lay the foundations for potential applications of the
software in their academic or industrial futures.

The general topics covered in the course are as follows:

L Labview Basis — The dual workspace, palettes, VIs, basic structures and data types, getting help and
editing and debugging programs.
II. SubVIs - How to design VIs so that they can easily be adapted to be used within larger VIs.
I11. Loops and Structures — (For Loops, While Loops Case structures, and Timed Loops)
IVv. Arrays,clusters, Charts and Graphs

V. Data acquisition
VL Strings and File Input/Output
VIL Plots, Data analysis and signal processing
The Final Project

Towards the end of the semester, the assignments culminate in a final project, the design and implementation of a
Virtual Bio-signal Monitoring system. Students are given three weeks to plan, develop and test the VI. The
ultimate litmus of the project is when students acquire their own real-time bio-signals using their creation.

During the fall 2010 course, the students developed a Virtual Electrocardiogram (ECG) capable of acquiring,
analyzing and storing ECG data. The problem statement included the following specifications for the device:

e Sampling Rate: 240 samples/sec
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e Acquire TWO real-time ECG signals from a subject: The standard Lead I and Lead II configurations.

e Data Processing: Notch filter.

e Using these signals, derive the other 4 standard Lead configurations: Lead III, augmented vector left (aVL),
augmented vector right (aVR) and augmented vector foot ( aVF).

e Provide an indicator that displays the instantaneous heart rate derived from the Lead I signal.
e Display all 6 ECG Lead configuration signals simultaneously.

e Provide user controls that allow for the adjustment of the time and voltage scales of the virtual display, as
well as the ability to save a segment of ECG data to file.

Despite the complexity of the project, students are aided by the fact that assignments and lectures over the course of
the semester have been specifically tailored to provide them with the basic concepts and skills they require for this
project: Real-time acquisition and display of data, user defined controls on the virtual instrument, processing and
filtering of real-time signals, etc. Over the course of the three weeks, students are afforded additional time in the
classroom outside of the normal scheduled lecture times, and the instructors provide any additional support the
students might require.
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Figure 1. Student Front Panel and Block Diagram for the final project extracted from two different student
projects.

COURSE ASSESSMENT

In addition to the standardized assessment forms utilized by the University, course specific assessment material has
been developed by the instructors of BMES07 to help improve further iterations of the course. These assessment
materials involve a pre and post semester interviews with the students, as well as a post semester questionnaire with
specific questions about the course content and implementation.

Standardized Class Surveys

At the end the semester the students are invited to fill out a three part, anonymous evaluation of the course. The first
part asks for a quantitative evaluation of the instructor, the second deals with an evaluation of the fairness of the
course grades, and in the third part, the students write candid comments about the course content, the instructor, and
a general advice to new students. These candid responses provide valuable feedback for continuous improvement.

Additional Assessment

Beginning in the fall of 2011, instructors in this course expanded the assessment process by including a course
specific questionnaire. This form includes seven free answer questions designed to extract more course specific
feedback from students. Questions primarily focus on the structure of the course, and the teaching methods
employed. Not only are students asked if the course was effective in meeting the objectives set out at the outset of
the semester, but urges students to provide their thoughts on how the teaching approach used might be improved.
Five students were enrolled in the fall 2011 semester and provided below are the questions posed and responses
collected from students:
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Tablel. BMES07 Student Assessment Questions and Answers

2012 ASEE Southeast Section Conference




2012 ASEE Southeast Section Conference




DISCUSSION AND IMPROVEMENT OPPORTUNITIES

Assessment has shown that the objectives set out for this course have been achieved to a satisfactory level. The
problem oriented methodology adopted similar to the one described by See [5] and Meyer [6] is effective at
familiarizing and motivating students to use advanced tools in virtual instrumentation. Many students have gone on
to use LabVIEW in their senior design projects and other applications. Despite this, there is always room for
improvement.

Access to the software through the universities cloud enabled students to have exposure and access to the software at
all times. However, there were limitations due to the inability to test acquisition hardware while using the cloud.
One potential improvement would be to ensure that the cloud and lab computers were both running the same version
on LabVIEW. Also, by using serial communication acquisition devices in the future, the students will be able to
interact with hardware while using the cloud.
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Students have also indicated that they would like more exposure to the software, more than is allowable in its
current 1 credit form. One potential solution would be to follow the example set out in [6], and incorporate
LabVIEW into a core instrumentation or measurements course.
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Apendix 1
Example of a Laboratory Guideline

University of Miami

BME 507 — Labview applications to BME - Fall 2011
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The Servo Motor

Image from www.ermirco.com/blog

Objective

Create a VI that drives a servo motor. Servo operation is based on pulse width modulation. The standard servo has 3 control
lines. One (black or brown) is the ground line, connected to a DC ground source. The second (red) is the source, a DC value
typically between 4 and 6 V. The third line (white or orange) is the control line. The control line receives a signal as shown
below. Depending on the condition of the signal on the control line, the servo arm will move to the particular position and
stay there.

4 Standard/Continues Servo
1.7-2.0ms
5 Volt — -+
Period: 20 ms
A
Standard/Continues Servo
0.7-1.0ms
5 Volt — -—
A
Standard Servo
5 Volt 1.5ms
J—— s

Servo Motor PWM Timing Diagram
Image from www.ermirco.com/blog
Specifications

1. The servo will be configured via software to be moved between the two extremes that the servo arm can move (you
can think of it as an “OPEN” and “CLOSED” state).
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2. Your VI must generate and output the control line signal, and must switch between the “OPEN” and “CLOSED”
state signals. Your VI must include 3 separate modes of operation, which will dictate the condition for changes on
the control line.

a. Software: A user controlled switch on the Front Panel causes the servo to open and close.
b. Timed control: The servo opens and closes on its own based on a user defined time schedule (i.e. — 3
seconds open, 3 seconds closed.

c.  External control: The servo opens and closes based upon the signal received from an external sensor
(photodiode).
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