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Teaching Medical Instrumentation

at the University of Washington

By Dr. Ceon Ramon, University of Washington

Students at the University of Washington (UW) use MATLAB®
and other MathVWorks products in one of our most popular
courses—EE436: Medical Instrumentation. EE436 has been

offered at UW in one form or another for almost 15 years.

The growing demand for this course among upper-division

undergraduates and firskyear graduate students reflects the

growth of bioengineering as a discipline.

lectures and weekly three-hour laboratory sessions infroduce

fopics including EEG and ECG amplifier design, biosensors,

bicelectrodes, cell physiology and nerve conduction models,

blood flow and cardiac electrophysiology, brain anatomy,

EEG, and magnetic resonance imaging.

Lab Work Challenges

and Solutions

There are several challenges in teach-
ing a medical instrumentation course
with a lab. First, there is the diversity of
the subject material. Lab modules span
electronic amplifier design, simulation of
the electrical excitability of neuron mem-
branes, and the analysis of electrocardio-
gram (ECG) and electroencephalogram
(EEG) signals. The course also includes
a medical imaging component in which
students learn how magnetic resonance
(MR) imaging works, how the MR sig-
nal is analyzed, and how the images are
formed in the Fourier space.

A second challenge is incorporating work
being done at other institutions. The neu-
ronal membrane lab, for example, relies
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on a Hodgkin-Huxley simulator de-
veloped at Carnegie Mellon University
(www.cs.cmu.edu/~dst/HHsim). A third
challenge is selecting computational tools
that are familiar to our students and can
provide an environment that encourages
exploration and experimentation.

For the eight years that I have been in-
volved with EE436, students have used
MATLAB?® and companion toolboxes to
complete lab activities. MATLAB capa-
bilities cover all the relevant disciplines,
including electronics and filter design,
image processing, and signal processing.
UW students entering the course have
been exposed to MATLAB throughout
their academic careers and can rapidly
learn and apply new functionality needed
to complete the labs. The Hodgkin-Hux-

ley simulator we use was also written in
MATLAB. Reading and writing MAT-
LAB code helps students gain insight into
the principles that underpin the course
material, while running the completed
MATLAB applications illustrates the
practical value of the medical instrumen-
tation in action.

Signal Amplification and
Neuron Simulation

In the first lab, students design amplifiers
for ECG and EEG signals. This work is a
first step into bioengineering for many
of the students with an electrical engi-
neering background. MATLAB is not re-
quired for this lab, but some students use
it to simulate the signal amplification.

Dr. Ceon Ramon is a senior research
scientist in the Department of Elec-
trical Engineering at University of
Washington. He is also affiliated with
the Regional Epilepsy Center and the
integrated Brain Imaging Center at
the University of Washington. His
research interests include biomagnet-
ics, MR image segmentation, and
computer modeling of the electrical
electrical (EEG) and magnetic (MEG,
magnetoencephalogram) activity of

the human brain.
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In the second lab, students study how ac-
tion potentials (electrical impulses) are
initiated and propagated in nerve cells.
Using a MATLAB based implementa-
tion of the nonlinear ordinary differen-
tial equations in the Hodgkin-Huxley
model, students change the concentra-
tion of the sodium, potassium, and cal-
cium channels in the neuron. They then
run simulations to examine the effect of
these changes on the propagation of the
electrical impulse along the nerve fiber
and to see how the neuron fires.

Analyzing EEGs

An EEG measures electrical activity in
the brain, typically by recording signals
from electrodes placed on the scalp. In
the third lab, students use MATLAB,
Signal Processing Toolbox, and Filter
Design Toolbox to analyze these signals
by filtering in different bands, comput-
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ing the power spectral densities of the
EEG signals (Figure 1).

In a typical experiment, students analyze
128- or 256-channel EEG data captured
while a test subject silently names objects.
The test starts with a one-second baseline
measurement before the object is shown.
The students then observe how this power

spectral density changes as the test subject’s
visual cortex (located in the back of the
head) becomes more active. Increased vi-
sual cortex activity is immediately followed
by increased activity in the language cortex
located in the top-left region of the brain.
The students visualize the data in contour
plots that reference the location of the elec-
trodes on the head (Figure 2).
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Figure 2. A typical spatial plot of power speciral density (PSD] changes during an object-naming task. The subject’s nose is at

the top of the plofs.
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The top row of plots is for baseline val-
ues, and the bottom row is for the PSD
during the task. In each band, the PSD is
higher during the task. In the essential
language and visual cortex areas, the
PSD values gradually increase from the
lower band (25-30 Hz) to the higher
band (35-40 Hz) and then decreases
again in the 40-45 Hz band.

This lab is a favorite, as it brings students
very close to the real-world application of
medical electronics. Using MATLAB,
students can visualize brain activity just
as a doctor would in presurgical planning
for epilepsy patients.

Building on Earlier Labs

The later labs in EE436 do not depend on
work done in earlier labs, but the students
do acquire more and more skills in filter-
ing, signal processing, and power spectral
computation throughout the semester.

The fourth lab involves analyzing the
electrical activity of the heart using
multichannel ECG data that covers the
surface of the torso. As with the EEG
lab, students use MATLAB to analyze
the wave form of the ECG, calculate
power spectral densities, and make con-
toured plots on the torso surface to see
how the electrical activity vector of the
heart changes from millisecond to mil-
lisecond. Students study the entire ECG
tracing of a normal cardiac cycle, which
consists of a P wave, a QRS complex, and
a T wave. Analysis of the QRS complex
lets them see how the electrical activity
vector is rotating while the heart beats.
Students write MATLAB code to com-
pute the heart rate, variations in R-R
interval, P-R interval, and the S-T inter-
val. These interval values have clinical
significance. In the ECG lab, students
compute the power spectral densities of
the normal and abnormal ECG signal
(Figures 3 and 4).
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Preparing for Further
Research

By using MATLAB to analyze EEG and
ECG signals, compute spatial profiles,
simulate electrical impulses in neurons,
and process MR signals and images, stu-
dents in EE436 gain practical experience
they canapply in real-world environments.
Many students who have completed the
course have gone on to receive advanced
degrees before working for—or starting
their own—medical device or medical im-
aging companies.

MATLAB enables engineering students
to explore medical instrumentation in a
familiar environment. Many students al-
ready have experience with MathWorks
tools. The widespread use of these tools at

other universities and companies makes
it easy for us to take advantage of work
being done elsewhere. MATLAB encour-
ages experimentation and investigation
of what-if scenarios while covering the
wide range of disciplines needed for a
career in bioengineering. M
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Resources

VISIT
www.mathworks.com,/academia
TECHNICAL SUPPORT
www.mathworks.com/support
ONLINE USER COMMUNITY
www.mathworks.com/matlabeentral
DEMOS

www. mathworks.com,/demos
TRAINING SERVICES
www.mathworks.com/fraining
THIRD-PARTY PRODUCTS AND SERVICES
www.mathworks.com,/connections
WORLDWIDE CONTACTS
www.mathworks.com/contact
E-MAIL
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