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1. Abstract

Many thyroid complications are treated with radioactive lodine (I-131). Although
effective, the patient remains radioactive and poses a risk to others who remain in
frequent contact. Normally, the patient is hospitalized after the injection of 1-131 to
properly regulate human exposure to the radiation. However, mainly due to cost and
hassle, it would be preferable to allow the patient to be discharged immediately after
treatment. This would require a mechanism that ensures the safety of individuals at high
risk for continued exposure, such as the patient’s family and friends. Currently there is
one such device engineered from a previous semester’s project. Using a thermal and
proximity sensor in the front of a belt, the device alerts the patient when an individual is
within a one meter range of the patient. Although effective, some drawbacks include a
limited range, limited reliability, and inability to detect a summation of radiation
exposure. Thus our client, Dr. Sarah Hagi, a radiologist at King Abdulaziz University
Hospital, proposes a modification of the current device, or the creation of a new device,
that more accurately and reliably alerts patients of other individual’s proximity, and
continued radiation exposure. Three design ideas have been proposed, and a design
matrix was made to select the best design. This proposed design incorporates bluetooth
technology to calculate family member’s total radiation exposure as a function of
proximity to the patient and time.

2. Introduction
2.1 Thyroid Physiology

The thyroid gland is a hormone secreting organ located in the neck just below the
larynx. The two main hormones it produces, triiodothyronine (T3) and thyroxine (T4),
are synthesized from iodine and tyrosine and play a large role in metabolic regulation.
Specifically the functions that the thyroid Lugiae
controls include weight, blood pressure,
body temperature and metabolism.
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Figure 1. Structures of the Thyroid gland.*



to treat conditions like hyperthyroidism and thyroid cancer for a number of years. When
the thyroid uptakes this radioactive iodine, the beta radiation of this isotope targets the
DNA of the mutated cells in order to destroy them.

Hyperthyroidism is the most common type of thyroid disorder that is treated by
radioactive iodine therapy. This general diagnosis is characterized by an
overproduction of T3 and T4. There are various specific causes of hyperthyroidism
including toxic adenomas, Graves’ disease, and sub-acute thyroiditis. Hyperthyroidism
initially causes the body’s metabolism to be in an overactive state and causes
restlessness.? After a period of time, fatigue will begin to take over as the body is
overstimulated for too long. Common symptoms associated with hyperthyroidism
include weight loss, high blood pressure, nervousness, rapid heart rate and irregular
menstrual patterns in women.

Thyroid cancer is another thyroid complication that radioactive iodine is used to
treat. This cancer is diagnosed at a much lower age than other adult cancers with 2 out
of 3 cases are in people younger than 55 years old.® For reasons unknown, thyroid
cancers are about 3 times more likely to occur in women than men with an estimated
47,790 and 15,910 new cases in 2014, respectively. Some of the factors that may
increase the chance of getting thyroid cancer include low iodine within diet and radiation
exposure which puts countries with less strict radiation laws more at risk. Due to
advances in treatments, the 5 year survival rate for thyroid cancers is very high at
97.8%."

While radioactive iodine treatments are desirable for their effectiveness and low
cost, there are also some drawbacks to this treatment method. Even though 90% of the
radiation given from the iodine is beta radiation and is used to destroy mutated cells in
the thyroid, 10% of the radiation is given off in the form of gamma radiation. The
gamma radiation can act at a much greater distance than the local beta decay, and thus
can be dangerous to people within close proximity of the recipient of the radioactive
iodine dose. In patients treated with 1-131, the ambient gamma radiation given off is
significant within 3 meters of the patient and is at a relatively high rate within 1 meter of
the patient. A typical dose of 1-131, which corresponds with a 600MBq of radioactivity,
leads to an approximate 30uSv/hr gamma radiation for persons within 1 meter of the
patent. The ambient gamma radiation falls at an approximate inverse 1.5 power with
relationship to distance which would lead to a 10uSv/hr ambient dose at 2 meters and a
5uSv/hr ambient dose at 1 meter.® For these reasons it is recommended that the patient
doesn’t remain within these distances of other people for an extended amount of time.
Children and pregnant women are particularly warned about the risks of this gamma
radiation due to their increased risk of developing cancer from radiation exposure.



2.2. Project Motivation

Since the patient is being released from the hospital to their home very shortly
after they are treated with the radioactive dose of iodine, the family of the patient will be
responsible for caring for the patient during the six week period that the patient remains
radioactive. Our clients, Dr. Sarah Hagi and Professor John Webster, proposed a
device that would be able to keep track of the family members’ total radiation exposure
over the treatment period. An algorithm that relates distance between the patient and
the specific family member and the time that they remain within that distance from the
patient, to the total amount of ambient radiation that distance and time equates to would
be used to add up total radiation exposure over the treatment period. Using this an
algorithm structure like this, along with a feedback system that displays the total amount
of radiation exposure to the family member would allow the family member to keep
themselves at a safe amount of total radiation exposure while still being able to take
care of the patient.

2.3. Problem Statement

Radioactive iodine (I-131), used to treat multiple thyroid conditions, poses a
health risk to individuals who remain in close contact with the patient after treatment. To
protect other’s health, individuals at risk, such as family members, are advised to avoid
exceeding 5mSv of cumulative radiation exposure.® A device was created last year that
alerts patients of other’s close proximity. Our client, Dr. Sarah Hagi from King Abdulaziz
University, has requested improvement from last year’s device via either a modification,
or a new device proposal.

2.4. Previous Design

There is only one current design for detecting the proximity of individuals to
radioactive patients in a house setting. Designed in the fall of 2013, a previous group
engineered a wearable belt with a proximity Ping))) sensor and a D6T thermal sensor.
Together, both sensors help to recognize a person within a one-meter radius of the
patient. If a person is detected in dangerous proximity of the patient for too long, the
patient is alerted via a buzzer and LED light.

The belt was made of nylon and polyester, with the polyester cut to 8.5’ wide to
completely cover the microcontroller. Styrofoam is used to hold the LED and sensors in
place, and two grommets expose the thermal sensor and LED. All of the wiring is
threaded through the components of the belt and then stitched into place. The design
allows the patient access to the microcontroller, the belt, and the on/off switch. To allow
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the belt to be worn by patients of different waist sizes, two 12” nylon straps are secured
with D rings. The electronics are hooked up with an Arduino: The battery and switch
powers the Arduino which in turn powers all of the other components.

Some benefits of this design include comfort, and effectiveness at detecting a
human being directly in front of the patient, as well as accurately alerting the patient
when an individual comes within a one-meter range. One drawback is the limited range
of sight of the two sensors. Since there is only one proximity sensor and one thermal
sensor in the front of the belt, the belt only has a sight of 15.71 degrees. Anyone to
either side or behind the patient remains undetected. Additionally the belt only alerts
proximity and has no method of tabulating total exposure of each individual coming in
close-proximity of the patient or tracking which specific individual (out of the number of
individuals at risk) comes within range. In other words, the previous design can only
detect that a human is close, not which human, or how much radiatio. they have been
exposed to within the 4-6 weeks that the patient remains dangerously radioactive.

Figure 2. Previous design. Belt apparatus w/ sensors.®

2.5. Design specifications
Design requirements can be found in the Product Design Specifications section
located in the Appendix.

3. Designs
3.1. Design 1 — Multiple Sensors

The Multiple Sensors design was created as a very simple approach to solve the
client’s problem. The main function of a successful device is to accurately detect a
human within a one meter range, and provide feedback if and when that moment
occurs. This design idea is an extension of the previous (Fall 2013) year’s design where
a distance and thermal sensor were paired together in the front of the patient and
secured on a belt like apparatus. In this design, there would be the same sensors in the



front of the patient as well as a pair of sensors posteriorly and on the left and right sides
of the patient. This would increase the device’s total field of view by a factor of four.

A D6T-44L MEMS Thermal Sensor from Omron and a Ping))) Ultrasonic
Distance Sensor from Parallax were used together in the previous design with very high
timing, distance, and temperature accuracy. In the Multiple Sensors design, there would
simply be three more of the same thermal sensors, and three more of the same
distance sensors. Along with the sensors, there would be a primary visual feedback

system as well as a secondary vibratory feedback system to warn the patient of a

human within one or two meter proximity.

The flowchart on the right
gives a general walkthrough of how
the design would actually function.
First, all four of the distance
sensors will continuously be taking
distance measurements and storing
the most recent values in a matrix.
The average value would be stored
in a variable called Range. If Range
for all four sensors is greater than
one meter, the warning variable is
false and the feedback system will
not turn on. However, if any of the
four sensors have a Range value of
less than or equal to one meter, the
thermal sensors will take action.
These sensors will begin to take

Distance sensors take multiple

: ; Range > 1 meter
measurements. Average is stored in Warning variable
: ——X ¢
a variable Range. is False, turn LED
off
l Range < 1 meter
Temperature sensors take multiple
o
measurements. Average is stored in s S
variable Temp
\l/ Temp >23° C
Warning variable is
True, turnLEDon, | ———> Turn on flashingred LED

start timer

Timer elapses

Figure 3. Design One Software Flowchart

many temperature measurements of any thermal radiation in its field of view and store

the most recent values in a matrix. Just as before, the average value would be stored in
a variable called Temp. If Temp is less than 23°C which is the average ambient
temperature of the radiation given off by the body, then the warning variable will again
be false, the feedback system will remain off, and the distance sensors will start taking

measurements again. However, if Temp comes back as greater than 23°C, then a

human being is being detected inside of one meter proximity, and the feedback system

will turn on.

The initial feedback will consist of a green LED that will turn on once the sensors

detect someone within 1 meter of the patient and remain on until the sensors stop

detecting someone in the same range. There will also be a secondary feedback system




to give further warning of dangerous exposure. Once the LED first turns on, a timer will
turn and elapse while the human remains within a one meter distance. Once the
duration reaches 25 seconds, a flashing red LED warning will be given to the patient
and continues to be given until the distance between the patient and subject is greater
than one meter. A time of 25 seconds was chosen as an optimal time based on
estimations that take into account about how many interactions (within one meter) the
patient will have with family members in the six week period and how much exposure

should each interaction be limited to.

3.2. Design 2 — RFID Tags

In the second design alternative, the team decided to switch gears a little bit to
employ the use of radio communication between devices through RFID tags, where
RFID stands for Radio Frequency Identification. Just as RFID is used in industry to track
the whereabouts of an item through an assembly line, for example, it would track the
location of the patient’s family members with respect to the patient. Ideally, there would
be a receiver tag on the patient and beacon-like signaling tags on each of the family

members in the household.

Looking at the code, the tags that belong to each family member other than the
patient will first send out an RF signal to be read by the receiver tag on the patient.
When the signal finds the patient’s tag it would then be turned into a distance

measurement by analyzing both the
signal strength and the time the
signal took to get there. Just as in
design 1, the most recent distance
measurements would be stored in a
matrix and the average of these
would be stored in a variable
Range. If Range is greater than a 1
meter distance, then the feedback
system would remain turned off and
the beacon would begin to re-signal
for the receiver. If Range is less
than or equal to 1 meter, the
feedback system would turn on
since a family member is within the
proximity of exposure danger.

Beacon proximity sensors send out
RF signal to be read by receiving
device

l

Distances are measured and stored in
the receiver processor as variable
Range

IfRange<1m l

Warning variable is

vibratory feedback
turns on

IfRange>1m

N

Receiver continues to
process signals as
variable range,
feedback is off

Figure 4. Design Two Software Flowchart



The primary feedback would be a vibratory or auditory signal located on the
patient for initial warning, and it would remain on until the family member is greater than
a one meter distance away from the specific family member. The primary feedback
system has high variability in its design and could therefore be a lit LED too if that were
to hold a better chance of the patient recognizing the warning. The secondary system
would again start after a timer and give a second warning after the 25 second duration
elapses.

This design would ideally require only one microcontroller connected to the
receiving tag on the patient in order to analyze the radio signal from the family members
for its strength and speed in order to convert to a distance measurement. These signals
would also be omni-directional which would eliminate the concern for a limited field of
view which was seen in the previous device and in design one.

3.3. Design 3 — Bluetooth Beacon/Receiver w/ Tracking

The final design idea employs the use of Bluetooth technology which, like the
RFID, can accurately calculate distances.” With this design, the patient would have a
Bluetooth beacon sending out signals, with each family member having Bluetooth
receivers. This system would allow not only a feedback system alerting the patient when
a family member is too close (within one meter) but would also effectively measure total
accumulated radiation for each family member.

With this design, the code would work as follows: The patient’s chip sends out a
signal, which triggers timers to simultaneously start (one for each receiver). Next the
family members’ Bluetooth chips will receive the signal and react by sending a signal
back, with each receiver carrying a different identification tag being sent back. When
this signal returns back to the Bluetooth chip, one of the timers is stopped (the timer
being stopped identified based on what tag is received by the beacon) and the beacon
will record the time it took for the original signal to be accepted by the receiver and then
sent back to the beacon and will record this time in the variable “time 1, time 2, time 3”
etc. with each time representative for each receiver (therefore keeping track of the time
for each individual family member). To keep the rest of the code easier to understand,
the code will be examined for an individual receiver from here on out, with the
assumption that the same code will be applied for each receiver, with tags to keep track
of each individual receiver.

With the time recorded for the signal to pass back and forth between the
receivers and the beacon, the time variable can be inputted into an algorithm that
outputs the variable “distance”. Thus, the distance between the receiver and the beacon
is accurately determined. “Distance” will then be inputted into a new algorithm called



rad-distance that is by itself recording time that the beacon has been paired with the
receiver (thus total time since the patient became radioactive) and receives “distance”
and outputs “radiation”. Thus, current radiation exposure to the receiver is calculated.
This radiation calculation is then sent back to the receiver, which then will add this new
radiation variable to the receiver’'s own variable “totalrad” which is a measurement of the
total radiation exposure of the particular receiver, and thus the total radiation exposure
of a particular family member.

Each receiver will have a feedback system
consisting of 5 LED lights. Each LED light will be
correlated to five variables: “LED1, LED2...LED5”
with the values of LED1, LED2, and LED3
consisting of increasing incremental values
correlated to “low accumulated radiation” all the way
up to “dangerous radiation exposure” of .0238mSv.
If “totalrad” exceeds LED1’s threshold, then the first
LED light will flash. If “totalrad” exceeds LED2’s
threshold, then two LED lights will flash, and so on.
Each day, “totalrad” will be reset to 0. Thus, if the
family member hits .0238mSv (all 5 LED lights
flashing) everyday, they would be receiving just
below 1mSv within the six week period. Since the goal is for each family member to be
exposed to less than 1mSyv for the whole 6 week period, it would be highly advised to
avoid reaching to 5 LED lights flashing each day. Microcontrollers would be
implemented in each receiver to communicate the incoming “totalrad” value to the
feedback system.

Figure 5. Multi-LED feedback system
to be worn on each family member

In addition to this feedback in each receiver, “distance” will also be inputted into a
feedback system (mediated by another microcontroller) in the beacon. Should “distance
(measured in meters) be greater than 1, a feedback loop will cause a light on the
beacon to turn on, and vibrate, thus alerting the patient and family member that they are
within one meter of the patient and should distance themselves as soon as possible.



3.4. Design Matrix

Multiple RFID Tags Beacon/receiver
Criteria Sensors w/ tracking
(Weight) (belt)
Functionality 2/5 10 3/5 15 5/5 25
(25)
Comfort (20) 2/5 8 4/5 16 4/5 16
Safety (15) 3/5 9 3/5 9 3/5 9
Reliability 3/5 9 4/5 12 4/5 12
(15)
Ease of 5/5 15 3/5 9 2/5 6
Fabrication
(15)
Cost (10) 3/5 6 4/5 8 3/5 6
Total (100) 57 69

Table 1. Design Matrix of three evaluated designs

When comparing the three separate designs to determine which best fits the
client’s expectations outlined in the product design specifications, each design was
evaluated by six separate criteria. The design choice was ultimately determined from
these six weighted-criteria. The main categories were functionality and comfort followed
by safety, reliability, ease of fabrication and cost as seen in Table 1.

Effectively ensuring that family members and those near the patient remain
below safe levels of radiation is the largest priority, and wrapped into the functionality
category. The device needs to function in a way that allows the user to know they are
receiving harmful radioactive emissions. The functionality scale in this context can
range from a simple warning to a complex radiation exposure calculation. The multiple
sensors design did not score well in this category because although a proximity warning
is given, there is no way to track exposure radiation. It also has a very limited field of
view for detection. The Bluetooth beacon with tracking scored very well in this category,
incorporating the ability to dynamically give feedback on the amount of radiation each
user is taking in. RFID tags scored in between the first and third designs as they only
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detect distance and do not track exposure; however it has a much greater field of view
than the Multiple Sensors design.

The devices, being physically worn by the users for a six week period, need to be
comfortable as well as aesthetically pleasing.? The patient will likely already be feeling
emotionally drained and tired of hospitals and medical equipment, so the device was
designed to have as mundane an appearance as possible. With the intent of not forcing
the patients to deal with another piece of medical hardware, all three designs are
geared around looking like every day accessories. The multiple sensors device,
fashioned as a belt, takes last place in this category because it can be seen from all
sides and cannot be covered up due to sensor limitations. Despite this visibility, it will
look similar to anything normally worn about the waist, and not be visually distracting.
Both the RFID and the Bluetooth designs scored evenly because they both utilize the
same basic template, a wristwatch-like item. It was assessed that users will not be
inconvenienced by the device’s presence, as wearing a wristwatch is already common
practice.

Safety is a large factor in most products made today, and for all electronics there
is an inherent possibility of electrical shock. However small the chance of shock may be,
there needs to be a consideration for it. The multiple sensors device, being worn around
the waist, has a higher chance of electrical shock due to the possible exposure of
electrical components. However, this device is only worn on the patient and therefore
only the patient is at risk. The second and third designs were scored the same because,
though they may have a smaller chance of shock, they are both worn by each of the
family members in the household, not just the patient.

Treatment lasts six weeks, so the device has to be designed to operate correctly
and reliably for a long period of time. The device also has to reliably sense others and
give feedback, from all angles. Modern RFID and Bluetooth technologies operate very
efficiently and consume little energy, allowing them to stay on a single battery charge
much longer than 8 individual sensors and a microcontroller could. This added points to
the second and third design scores over the first. The multiple sensors design is also
limited by its ability to detect persons from odd angles. The proposed sensors will offer
a 15 degree field of view evenly spaced in four azimuths from the patient, realistically
allowing for blind spots that pose a chance for the device to allow someone to go
unnoticed. The RFID and Bluetooth designs are not limited by FOV and therefore can
reliably perform their intended tasks without interruption.

Ease of fabrication plays a significant role in the design project with limited
resources, skills, and a condensed semester long schedule. Multiple sensors is an
expansion on previous work, and thus could be produced fairly easily. Code will need to
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be modified and replicated to allow for the added sensors; however, they will operate in
the same capacity. RFID is a common medium used in the industrial world, and many
devices exist to act as a learning point for the RaDistance Safety Meter system. Despite
the commonplace of the RFID technology, a new device would still need to be created
from the ground up, lowering its fabrication score relative to the first design.
Implementing Bluetooth in the sense of connecting devices should be relatively easy
since there are already a plethora of consumer proximity sensor products already
available.’****? However, the software portion of this design would be much more
intense since exposure would be tracked for each individual family member as well as
accurately measuring distance which led to the final design having the lowest ease of
fabrication score.

Cost is always a concern when working with a limited budget. The multiple
sensors design was cost analyzed based off of the previous semesters design report.
The single sensor from last year had a pre-determined price, and that price was just
estimated to be roughly four times larger for design one. RFID is used on a giant scale
in the industrial world, thus making it commercially cheap to purchase. Bluetooth is also
relatively cheap in itself and uses very little power, however this design also requires
several microcontrollers which brings the overall cost grade down.®

3.5. Programming

One critical component of the design chosen is the development of a program to
accurately measure the distance between two Bluetooth devices. This program will be
developed on the java platform, implementing the Java Application Programming
Interfaces for Bluetooth Wireless Technology (JABWT). This Java interface handles the
low level interaction between the Bluetooth protocol stack and the firmware of the
Bluetooth controller. The first part of the program utilizes a unique set of discovery
interfaces to allow both Bluetooth devices to recognize one another when they are in
range. After device discovery is initiated, a connection is automatically established
between the devices. This connection is to be maintained as long as the devices are
within the maximum communication range. Once a connection is established between
devices, the device acting as the beacon sends a single, a unique data packet to the
receiving device. The receiving device immediately returns the data packet back to the
beacon. During the transmission of this signal, the sending device measures the time
between sending and receiving the data. This signal time measurement is repeated in
order to obtain multiple time samples that can then be averaged.

This measurement of signal time is then stored for the remainder of the program,
and will be input in an algorithm to extrapolate a distance measurement from this data.
The algorithm utilized will be a modification of a design by Samuel King Opoku, outlined

12



in his paper An Indoor Tracking System Based On Bluetooth Technology. This
algorithm takes advantage of the principle of motion and the least squares statistical
method, giving the equation

ds
V= E . integrated to S=Vt+C

where S equals distance, V equals signal speed, and C accounts for transmission error.
Because the Bluetooth devices can only measure a signal time, the variables C and V
must be predetermined constants. These constants are calculated by gathering data on
the correlation between time and distance. This correlation can be established by
creating a database of distance compared to time. Two Bluetooth devices are to be set
a specific distance apart, and the time is measured. After measuring this time at many
set distances, a mean time and mean distance is calculated.

Z?’:]_Ti
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4. Future Work

The most pressing work that must be accomplished in the near future is the
implementation of the distance calculation and radiation exposure determination
algorithms. The initial programming work must be done to implement the java Bluetooth
application interface and configure the devices to automatically establish a connection
when within the maximum range. The algorithm to calculate distance must be
transferred from the pseudo code design into java code, which must then be thoroughly
tested. After constructing a usable program, the parts for the prototypes will be ordered
and we will begin fabrication. The parts needed for each beacon and receiver is an
Arduino microcontroller and Bluetooth chip. The database to calculate mean time and
mean distance must also be constructed and coded. With the prototypes constructed
and the database built, we can gather measurements on the relationship between time
and distance in order to calculate an average signal speed, V. Once a reliable signal
speed constant is established, this can be input into the distance calculation algorithm.
We can then begin testing the prototypes for the accuracy of the distance
measurements. Finally, we will construct the algorithm to determine radiation exposure
from the distance measurements. This will involve analyzing the relationship between
distance, time, and radiation exposure to track an overall exposure rating. We then
must implement this algorithm as a program that utilizes distance data to update
exposure and provide real time feedback to the user.
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7. Appendix
7.1. Product Design Specifications
Radiation Distance Safety Meter

Product Design Specifications
Nick Gilling (Leader), Alex Mccunn (Communicator), Michael Wolff (BSAC),
Joe Benthein (BWIG), Keith Dodd (BPAG)

Problem Statement: Patients treated with therapeutic doses of radioactive iodine (1-131) can be
potentially harmful to those in close proximity when discharged. The radiation from the doses
can be a threat to those less than one meter away from the patient, especially family members
and healthcare providers who are in frequent contact. Our client, Dr. Sarah Hagi, from the
radiology department at King Abdulaziz University Hospital, requested a device that alerts the
patient if individuals are within one meter. We would like to create a device that will provide
feedback to alert patients of their proximity around others, and also to alert the patient’s family
members of overall radiation exposure.

Client Requirements:
Must be able to sense a human within a one-meter range.
Must provide a feedback to alert the patient.
Must be comfortable enough to wear on a day-to-day basis.

1. Physical and Operational Characteristics

a. Performance requirements: Must detect human presence, and possibly pets, within one
meter for at least 6 weeks. Must provide feedback to alert user of human presence. Must function
under mild radioactive conditions. Device to be used on 20 patients per year.

b. Safety: The device must have sufficient feedback mechanism to warn user of unsafe
distances with minimal discomfort to the user. The materials must not become radioactive in the
period of use. Electrical components must be concealed.

c. Accuracy and Reliability: The device must be battery powered and function accurately for
at least 6 weeks. The device must detect distances within a 0.1 meter tolerance.

d. Lifein Service: When the patient is discharged from the hospital after therapeutic
radioactive iodine treatment it is recommended they avoid coming within one meter of another
person for 4-6 weeks. The device would have to be constantly active for this period of time. Itis
possible it could be recharged at night while the patient is sleeping. The device should hold a
charge for at least 17 hours/day, 7 days a week for 6 weeks.
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e. Shelf Life: The device should be able to be stored for 10 years without using any of its
functionality.

f. Operating Environment: The device will be operated in various interior and exterior
environments throughout the world. For this reason it should ideally be operational at extreme
temperature (-25-50 degrees Celsius) and humidity (5-95%) ranges. It should also be water
resistant in the event of rain or spilling.

g. Ergonomics: The device must be comfortable to wear throughout the day for up to six
weeks.

h. Size: The device must be small enough not to intrude on the patient’s daily activities.

i.  Weight: The device must be light enough to be worn comfortably on the patient. The device
should weigh no more than one kilogram.

J.  Materials: The materials must not be affected by radiation from [-131. The device should
not be made out of a common allergen, such as latex. Electrical components should maintain

their electrical properties in the presence of radiation.

k. Aesthetics, Appearance, and Finish: The device should be aesthetically appealing so that
the patient feels comfortable wearing the device.

2. Production Characteristics

a. Quantity: One Prototype.

b. Target Product Cost: Around $100.
3. Miscellaneous

a. Standards and Specifications: The device must meet the requirements of the National
Institute of Standards and Technology.

b. Customer: Therapeutic iodine radiation clinics and hospitals and the patients they treat.
c. Patient-related concerns: The device needs to be durable and comfortable.

d. Competition: There are no devices currently on the market targeted towards therapeutic
radioactive iodine patients.
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7.2. Projected Timeline

Task

September

October

November

Dec.

7

14| 21

28

12 1 19

26

9

16

23

Project R&D

Background Research

X

Design Brainstorm

X | X

Final Design Selection

XX

Fabrication

Testing

Deliverables

Progress Reports

PDS

Midsemester Presentation

Midsemester Paper

XX XX

XX XX

Final Poster

Final Paper

Meetings

Team

Advisor

XX

XX

Client

X|X|X

X|X|X

Website

Updates
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