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ABSTRACT

Technologies were researched to

determine which, if any, were suitable
for measuring blood perfusion on the
plantar surface of the foot. Of the
technologies explored, three were
identified as promising candidates for
approximating blood perfusion. Doppler
Ultrasound which uses ultrasound to
measure blood velocity in vessels,
infrared (IR) oximetry which uses
infrared light to measure concentrations
of haemoglobin to determine specific
oxygen content (SPO,), and experi-
mental microwave sensing which uses
microwave antennas to measure
changes in permittivity that correlate to
changes in water content associated
with decreased blood flow. Of the three,
microwave and IR sensing were
determined to be the most promising
solutions to produce proofs of concept
based on early testing, research, and
input from advisors and sponsor. A
prototype design for an IR system on a
PCB was produced as well as a proof of
concept demonstrating technical
feasibility of the microwave sensing
option.
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INTRODUCTION

Peripheral neuropathy is a complication of
diabetes that can cause lack of sensation in
the extremities and particularly the feet.
Without this sensation, individuals with
peripheral neuropathy are at risk of devel-
oping foot ulcers without the ability to feel
that they are there. Being able to measure
perfusion in the feet is a critical indicator
for predicting and preventing diabetic foot
ulceration. The focus of this project was to
research different technologies that are
suited to solving this problem, and provide
a proof of concept for how the technology
might be implemented to measure blood
perfusion in the feet.

PROCESS

Research into available technologies began

with exploration into clinical procedures for
measuring blood perfusion such as doppler
ultrasound and pulse oximetry. We then
explored experimental methods that could
be leveraged to approximate blood perfu-
sion and discovered Dr. Zahra Abbasi’s
research on chip-less microwave sensing.
These were the three technologies that
were evaluated in the next phase of the
project which was initial feasibility testing.
Representatives of the technology were
procured to get a feel for how the technolo-
gy could be implemented, risks and pitfalls
associated with the technology, and suita-
bility of the technology for solving the
problem. A fetal ultrasound was purchased
to evaluate doppler signals, this was used
to listen to arteries and get explore the
process of acquisition and processing; an
infrared oximetry development kit that
used the MAX30101 Heart Rate and Pulse
oximetry module was purchased to test
acquisition of oximetry data on the foot;
and a microwave sensor was manufactured
in Dr. Abbasi’s lab to evaluate the micro-
wave sensing. These tests informed the
next stages of the project which involved a
proof of concept for the microwave sensor
design and a PCB prototype for the infrared
oximetry technology. Based on results from
initial testing, Ultrasound doppler was
removed as an option in favour of pursing
IR oximetry and microwave more diligently.
A PCB implementation of an IR oximetry
prototype was designed in Altium based
around the MAX30101 SPO, and Heart Rate
Sensor, and the MAX32664 Biometric
Sensor Hub. Microwave proof of concept
was developed through design and testing
of various tissue phantoms and accompany-
ing data collection.

RESULTS

Initial testing of the ultrasonic doppler
showed potential difficulties associated
with implementing it. Placement and angle
of the probe is crucial in order to acquire
blood velocity measurement. In addition to
that, the smaller the vessel size, the lower
the flow and the more difficult it is to
measure. For these reasons, it was decided
not to go forward with ultrasonic doppler.
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Figure 1. Ultrasound recording from radial artery.
Infrared Oximetry
Feasibility testing of IR oximetry was done
using the MAX86140 which was selected
because of its ease of use out of the box.
This testing showed potential for measuring
signals on the plantar surface but did not
have the capability to measure SPO,.
Testing with the SEN15219 development
board from SparkFun allowed measure-
ment of SPO, values with modifications to
the settings. The components on the
SEN15219 were eventually incorporated
into a final PCB prototype design done in
Altium and printed at PCBWay.

Figure 2. Finished IR PCB design.

Testing of the microwave sensors began

with manufacturing a sensor based on an
existing design of Dr. Abbasi’s. This sensor
was able to detect small changes in water
applied to a paper towel. This proved that

the sensor could be a valid solution to the
problem. Testing using tissue mimicking
phantoms, and then ground beef and
chicken skin showed that the microwave
sensors were capable of detecting small

changes in water volume inside tissues.
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DISCUSSION

The solution to this problem is non trivial and
has not been effectively solved before. This
meant that a substantial amount of literature
research and expert consultation was re-
quired at the outset of the project. Consider-
able effort was put into defining the project
and determining potential avenues long be-
fore any desigh work was conducted. The
original plan was to evaluate a collection of
technologies and then narrow that list down
to one technology that would be used to de-
sign a proof of concept prototype. There was
a shift from this plan once it became appar-
ent that there was merit in both the IR oxi-
metry and microwave sensing options. IR rep-
resented the more documented solution with
clinical uses on other parts of the body, while
microwave represented a more “blue sky” so-
lution. The microwave sensors are not com-
mercially available and represent an area
with considerable further research oppor-
tunity.

CONCLUSIONS

Preventing diabetic foot ulcers is an enor-

mous motivation for preventing amputations.
Throughout this project we researched many
different technologies both experimental and

with clinical precedent. We conducted effec-
tive tests to determine how well the technol-
ogies performed for our specific application.
We made educated decisions about feasibility
based on our test results to create a plan for
moving forward. We executed that plan using
knowledge that we have gained throughout
our engineering education and with support
and guidance from our sponsor and academic
advisors. We have proven the potential for
these technologies to be adapted into a sys-
tem to monitor and help prevent diabetic
foot ulcers. Completion of the project has
provided the sponsor with valuable insight
towards the further development of solutions
that leverage these technologies.
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