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1. Executive Summary
An overview of the project. Marketing background, the need, and its social impact. Also clearly specify
what the project will deliver as a tangible output.
Patients with Parkinson’s have trouble balancing due to degenerative motor function from lack of
dopamine resulting in an increased risk of falling and difficulty walking. Currently, patients do not
have access to treatments such as vibration therapy outside of clinical settings. Studies have shown at
least 540,000 people in the US affected by Parkinson’s Disease will fall each year with a large
proportion (50–86%) falling recurrently. Therefore our target population is patients with Parkinson’s
disease who experience difficulty walking and balancing. We are designing a medical device that uses
technology that will conduct the vibrations synchronized to music, stimulating the proprioceptors on
the lower leg and releasing neurotransmitters to alleviate the symptoms for patients with Parkinson’s
resulting in enhanced balance when walking. Our device will be a vibration system enclosed in a small
oval casing that can be inserted into a pocket on the side of a sock. The device will have a Bluetooth
connection to a smartphone to play music and vibrate in sync with the beat. This will help alleviate
symptoms in the increasing number of patients with Parkinson's, as well as, being able to treat patients
without the need to visit a physical therapist making therapy more readily available and user-friendly
so they can alleviate symptoms without professional assistance anywhere they are.
1a. Recognition of Need/Opportunity
What clinical problem is being addressed? Is anything currently being used to address this problem?
What opportunities exist to improve clinical outcomes, cost management, or ease of use? What are the
particular needs of the customer?  How have these needs been identified and defined?
There is a clinical need for patients with Parkinson’s disease who experience difficulty walking or
standing. There are nearly one million people in the US that are affected by Parkinson’s Disease with
at least 540,000 people in the US that will fall each year, with a large proportion (50–86%) falling
recurrently. There are no portable vibration therapy devices currently that are simple enough for users
to use at home that can also produce music to aid in the release of dopamine which would improve
clinical outcomes. The device would be designed to accommodate patients with tremors by using a
simple design with no buckles or heavy metal pieces. The device would not need any adjustments
since the material used will be stretchable so one size fits all. Therefore, it will not be any more
difficult than their daily task of putting on their socks. The current treatments available for motor
symptoms are whole-body vibration therapy, lifestyle changes, physical therapy, and deep brain
stimulation. General Vibration Therapy or whole-body vibration apparatus, provides low-frequency
stimulation that helps with alleviating abnormal or involuntary motor symptoms, it does not include
music synchronization which enhances relief and minimizes tremor symptoms. Lifestyle Changes use
exercise and nutrition to promote increased overall health and muscle strength to slow the progression
of symptoms. Physical Therapy helps treat the loss of movement and aid patients gain control over
motor abilities. Deep Brain Stimulation is an invasive surgical procedure that treats advanced
Parkinson's Disease and movement disorders which can only be done in a hospital setting.

The business need exists because the Parkinson’s Disease Therapeutics Market is valued at around
USD 5.18 billion in 2020 and is projected to grow at more than 6.5% CAGR between 2021 and 2027.
This device would be low-cost to produce, estimated at $86 in materials, labor estimated at $50, and
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overhead at $32, totaling $168. This total can be lowered further when mass-produced, making it an
affordable option for the public. This device would be oriented towards hospitals, clinics, rehabilitation
centers, and mainly at-home therapy. To invest in this market would be a great benefit since there is
ongoing growth in demand for devices like these, that can be used from the comfort of home. With the
increase in the population of Parkinson’s patients also comes an increase in the funding available.
There are some similar modalities that currently exist that may address Parkinson’s Disease motor
symptoms. VibePlate offers devices that provide whole-body vibration stimulation, being able to reach
proprioceptors simultaneously, however, their products are expensive and heavy which doesn’t allow
for patient mobility. Neurobeats was the first attempt to develop this project trying to provide electrical
and vibrational stimulation synchronized to music with Bluetooth, however, the prototype was heavy
and bulky without successful stimulation.

The current needs of the customer are that the device must be lightweight, water-resistant, and
flexible.The device should be a lightweight device that does not interfere with the normal range of
motion when walking for elderly patients.The device must operate for an adequate number of sessions
in one week on a single charge without external cords or wires connecting to a stationary power source
and be able to pair wirelessly to a smartphone to play music on the therapy device. The device should
be able to resist moisture, such as small splashes and sweat to allow for incidental water contact and
sweat. The device should be adjustable to a range of foot sizes to make it one size fits most. The
device should be worn and removed by a stage 3 Parksinon’s patient. and material will not cause
irritation to skin when worn for the duration of treatment. The device should have targeted vibration
stimulation to receptors on the lower leg at a beneficial frequency to treat balance and walking
problems. These needs have been identified from speaking to Dr. Ben Weinstock from Physical
Therapy and research in what Parkinson's Disease is and current treatments of Parkinson’s Disease. Dr.
Weinstock described his needs for the product since he wanted a device that can be used while he
performs other treatments at the same time. He also wanted the device to be available for at-home
treatment without the need for assistance. The research was done on the symptoms, treatments, music
therapy, and vibration therapy.
2. Problem Formulation
Includes the conversion of customer requirements to functional, performance, and interface design
specifications, and all engineering standards that must be met and other design constraints (should be
multiple).
a.  Project Objectives:
Is the objective a device, system, component, or process? What can be specifically accomplished in the
allotted time and with the allotted resources?

This will be a device. It will be a wireless device that can be placed into a lightweight sock. The sock
will allow the vibration device to sit above the ankle. The device will connect to a person’s device
(smartphone) to play music synchronized with vibration patterns to stimulate proprioceptors for
patients with Parkinson's Disease. The project will have a budget of $300 and be completed by April of
2022. By this date, we would have been able to complete market and clinical research on the problem
and assessments such as regulatory, cost, hazard, and technology. The design would have also been
completed along with virtual simulations done on SolidWorks. After which the prototype has been
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built and will end with design verification to make sure that the outputs meet the initial input
specifications.
b.  Design Specifications:
How were the customer needs converted into specific design specifications? What are the criteria for
success in meeting those specifications?  How will they be measured?

The customer needs were represented by measurable and verifiable features, also known as design
specifications or design inputs. The device must be less than 1 kg and the dimensions should be equal
to or under 100 mm by 60 mm. The device’s electrical components should function for 1 hour on a
rechargeable battery and be enclosed in a water-resistant casing to withstand a minimum of 50 liters of
water sprayed at a pressure of 50-150 kPa continuously for 5 minutes at any direction. The device must
have to synchronize with a smartphone and play music in the form of vibrational rhythm. The device
will be made of a flexible material allowing for a stage 3 Parkinson’s patient to wear and remove it
without assistance in 5 minutes or less. The device must be biocompatible and can stretch between
22cm to 31cm in length. The device must have a battery capacity that depends on power consumption
to allow the device to operate for at least 1 hour on a single charge. The low-frequency sound will be
delivered to the patient in the form of 20-300 Hz to the lower ankle. The final iteration of the design
inputs was created by speaking to Dr.Christie and revising the Market Requirements and Design Inputs
with Rationale to fit the guidelines of each thing.

There are a few different tests that will be done next semester to determine if the specifications listed
were met. The Ingress Protection test will determine the level that a device is able to withstand
moisture, which will allow the team to verify if the device circuitry is enclosed in a case that can
withstand conditions under an IPX4 Rating. The Oscilloscope Meter will measure the vibrational
frequency output from the device to ensure the correct low-frequency vibration is being outputted. The
ruler and scale will verify if the device dimensions and weight are within those defined in the design
inputs. The Battery Discharge and Consumption test will test if the battery is able to meet the life cycle
requirements and operate for at least 1 hour on a single charge.

Below is a table that includes the market requirements that specify the market need and the design
inputs that specify how the market requirement would be accomplished. Each design input was defined
with the verification tests that will be used to test certain design inputs to ensure that the basic needs of
the device are met to consider the device successful.
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Table 1: Market Requirements, Design Inputs, and Verification Tests

Market
Requirements
(What & Why)

Design Input (How)
Rationale Below

Method of Verification
(Verification Test)

Lightweight
device that does
not interfere with
the normal range
of motion when
walking for
elderly patients.

Device dimensions will be equal to or be
under 100mm x 60 mm and the device
should weigh less than 1 kg.

Rationale
The use of a cuff weight (1.1kg) does not
seem to reduce the limb circumduction[1]

No significant differences were found in
cadence and stride length.

Therefore, the side of the ankle is
approximately 3-3.5inches, which is about
90 mm.

We will use a ruler to measure the
dimensions and ensure it's within the
constraints.

We will use the scale to ensure that the
device is less than 1 kilogram.

The device is able
to resist moisture,
such as small
splashes and
sweat.

The device should be able to withstand a
minimum of 50 liters of water sprayed at a
pressure of 50-150 kPa continuously for 5
minutes at any direction*- see 3

Rationale

Due to the selection of an elastic fabric
material for the device carrier, two
scenarios benefit directly from the device
being water-resistant.

1) Walking sessions will be
performed regularly as a
complementary treatment for
Parkinson’s, sweat and moisture
penetrating the device carrier can
be inhibited by the encasing. [2]

2) Excessive sweating can be a
consequence of damage to the
autonomic nervous system as
Parkinson’s progresses or a side
effect of anti parkinson's
medications. To battle this
possibility, having the circuitry
enclosed and covered is critical.

"Wallace advises: 'Any IP rating which

Standard IPX4 using the Ingress
Protection Test.

IEC 60529 IP Rating (Water Resistance)
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ends with a number greater than (e.g. IPX1
or IP51) should be sweat-proof. However,
many regard the standard as IPX4 for
water resistance and we’d recommend this
as the minimum for real durability.' [3]

Further up the scale, an IPX4 water rating
can handle water splashes, whilst IPX5 is
certified for protection against
low-pressure jets of water from any angle
for three minutes. In terms of working out,
these ratings can handle a medium sweaty
session such as a run.”[4]

The device must
operate for an
adequate number
of sessions in one
week on a single
charge without
external cords or
wires connecting
to a stationary
power source.

Use a rechargeable battery as a wireless
power source with battery power to
operate for 1 hour.

Rationale
The use of a rechargeable power source to
operate the device will reduce the risk of
electric shock due to wire damage, and it
will cause less noise and interference to
surroundings, making it more convenient
for the patient to move freely. One hour of
use on a single charge allows the patient to
use the device 5 sessions a day for 7 days a
week with each session lasting about 90
seconds each. [5]

We can test the battery power capacity
and if it is rechargeable by using a
multimeter.
Devices with rechargeable batteries –
including products certified to IEC
60601-1 – must comply with IEC 62133
IEC 60601-1-11:2010 -Ed 1.0
Medical electrical equipment – Part 1-11:
General requirements for basic safety and
essential performance – Collateral
Standard: Requirements for medical
electrical equipment and medical
electrical systems used in the home
healthcare environment[6]

Can be worn and
removed by a
stage 3
Parkinson's
patient.

The device carrier is made of a flexible
material allowing for a stage 3 Parkinson’s
patient to wear and remove it without
assistance in 5 minutes or less.

Rationale
Considered mid-stage, loss of balance and
slowness of movements are hallmarks.
The person is still fully independent, but
symptoms significantly impair activities.
Current tools to aid in putting on socks for
patients with mobility problems. After
stage 3, the patient is usually unable to
care for themselves. [6]

Generally, patients give up after

We would use a stopwatch to time how
long it would take for the wearing and
removal of the device carrier.

IEC 62366 is the international standard
that covers the application of usability
engineering to medical devices. This
standard helps medical device
manufacturers consider human factors by
offering a standardized process for
analyzing, specifying, developing, and
evaluating the usability of their medical
device.[8]
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2-5mintunes after not being able to achieve
a task on their own. Independence is the
vision that drives our concept, hence, the
device carrier will take less than 5 minutes
to be worn.

Material will not
cause irritation to
the skin when
worn for the
duration of
treatment.

The device carrier must be biocompatible.

Rationale
Biocompatibility testing is part of an
overall risk management process to protect
humans from potential biological risks
stemming from the use of medical devices.

The evaluation of biocompatibility testing
data for a particular device is used as
evidence in establishing the device's
biological safety.

Use and find materials that are already
biocompatible. Find reference and
evidence that supports biocompatibility.

ISO 10993-10:2010 describes the
procedure for the assessment of medical
devices and their constituent materials
with regard to their potential to produce
irritation and skin sensitization.[7]

The device should
operate for an
adequate number
of sessions in one
week on a single
charge.*Combined
with #3*

Battery capacity depends on power
consumption to allow the device to operate
for at least 1 hour on a single charge.

Rationale
This is operating on a single charge for 5
days with 2 sessions per day, so a normal
workweek. “ Each treatment includes five
sessions and each session is composed of
one-minute whole-body vibration and one
minute rest…. Each session is 10 minutes
in both groups and all participants will
receive one and twelve treatment sessions
for short-term and long-term effects
respectively. ” [10]

A stopwatch would be used to measure
how long the device will function with
the battery fully charged until it runs out
of charge.

Devices with rechargeable batteries –
including products certified to IEC
60601-1 – must comply with IEC 62133

Adjustable to a
range of foot sizes
to make it one size
fits most.

Can stretch between 22cm to 31cm in
length.

Rationale
In the US, the average shoe size is 11 for
men and 8.5 for women. Globally, the
average shoe size for men is between 9 and
12 with an average of 10.5, and women’s
average shoe size is between 7 and 9 with
an average of 8. With our population being
Parksion’s patients who are elderly, our
size range was slightly larger due to the
change in foot size the elderly undergo.
Elderly people often have their foot size
and shape shrink or swell.

will use a ruler to measure the
dimensions and ensure its within the
constraints.

ISO 7250 consists of the following parts,
under the general title Basic human body
measurements for technological design:

 — Part 1: Body measurement
definitions and landmarks

 — Part 2: Statistical summaries
of body measurements from
national populations

— Part 3: Worldwide and regional
design values for use in ISO equipment
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The average range for men’s foot size
internationally is between 26.3 cm to
29.2cm. The average range for women’s
foot size internationally is between 24.1
cm to 25.7 cm.
To accommodate for the varying foot sizes
and the possible changes, the range will be
22cm to 31cm.
https://www.loveatfirstfit.com/guides/what
-is-the-most-popular-sneaker-size-for-men-
and-women/
https://www.footankleinstitute.com/blog/ar
e-your-shoes-the-right-size/

standards

[12]

Targeted vibration
stimulation to
receptors on the
lower leg at a
beneficial
frequency to treat
balance and
walking problems.

Use 20-300 Hz frequency vibration that
will be delivered to the patient's lower leg
such as the Achilles tendon and the long
flexor muscle.

Rationale
VAT delivers passive low-frequency sound
vibrations (20–100 Hz) in contrast to RAS,
the latter, an active form of acoustic
therapy. In clinical settings, VAT supports
the idea that patients should not only listen
to music in isolation but sense vibrations
as well (Warth et al., 2015). The VAT
involves transducers embedded into chairs
or mattresses, which send vibrations to and
through the body.
[10]

Piezoelectric Meter: Measure the
vibrational frequency output from the
device.

ISO 5349-1:2001
Mechanical vibration — Measurement
and evaluation of human exposure to
hand-transmitted vibration — Part 1:
General requirements
[11]

Able to pair
wirelessly to a
smartphone to
play music on the
therapy device.

Using Bluetooth technology to
synchronize with a smartphone and play
music in the form of vibrational rhythm.

Rationale
Bluetooth consumes low power.

Use a stopwatch to measure the lag
between the music playing and the
vibrational rhythm to determine if the
lag is within an appropriate and not
noticeable range.

ISO 5725-1:1994(en) Accuracy
(trueness and precision) of
measurement methods and result

9
Senior Design Project Report- Team 6



c.  Constraints and other considerations
What economic, environmental, social, political, ethical, safety, manufacturability, or sustainability
constraints exist?

One constraint was for it to be washable, vibrating motors and electronics cannot be integrated into the
sock which should be removable to allow for reusability. The device carrier must be able to hold the
device in place securely, due to sock material being soft the device may have a lessened effect from the
vibrations. A big constraint is finding the right design to fit the targeted locations due to focusing on
the lower leg, there is a limited number of areas that can be targeted to create the desired effect.
3. Solution Formulation: Conceptualization and Creativity (Alternative Solutions)
What are all the possible ways the objectives could have been accomplished? What methods were used
to foster and optimize creativity? What engineering solutions were formulated or adapted to meet the
customer needs?
All the possible ways the objectives could be accomplished resulted in the evaluation of multiple
concepts. Fabric shin guard with electrical vibration components embedded around the ankle and
bottom of shin, including a rechargeable battery. The first design concept, figure 1, was having the
circuitry and vibration motors placed inside a fabric ankle band. Wires and vibrators positions are not
constrained and spread throughout the band to target multiple areas. This device is not fully
water-resistant and is made as a one size fits all product.

Thin adjustable band with vibration motors along band length and rechargeable battery integrated. The
second design concept, shown in figure 2, is where the circuitry and vibration motor is placed within a
silicon band. Vibration motors are spread throughout the band allowing for spatial vibration patterns.
The device is rechargeable and adjustable to many sizes. There is a latch that adjusts sizes and secures
the device to the patient which may be difficult for Parkinson's patients to wear and remove.

The last design concept, shown in figures 3 and 4, is a fabric sock with an outside pocket on the ankle
which fits a portable vibration device. The device is enclosed in a silicone casing with an integrated
rechargeable battery. The last design concept, shown in figure 3, is where device circuitry is placed
into a 100mm x 60mm plastic container coated with silicone, making it water-resistant. The device is
slid into a pocket stitched onto the side of a sock. The pocket sits close to the ankle. The device is
rechargeable and is made as one size fits most which fits a wide range of sizes.

To foster and optimize creativity, many carriers have been searched and continuous discussion among
team members was encouraged. The team looked at different ways to address the problem and
discussed together how these different solutions can be incorporated when creating the design concept.

The formulation of the engineering solution is that the device will be encased in plastic to protect the
circuitry from the outside environment and to keep components in place. The case will be coated in
silicone for water resistance. The sock should be made from a biocompatible material so it does not
cause irritation or allergic reactions. The battery will be rechargeable to increase mobility. Bluetooth
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connectivity from the smartphone to the device for wireless music-based vibrations allows patients to
move during sessions.

This design concept is suitable for the solution to address the need. The utilization of small vibration
motors will allow our system to transmit low-frequency sound vibrations (20-300 Hz) through the
patient's skin reaching the proprioceptors located in tendons around articulations. This sends signals to
muscles and their motor units to help improve balance when walking. The device encasing will allow
the device to be water-resistant for multiple uses and protection from electric shock. The sock will
allow for a wide range of foot sizes to practically use it, as well as patients being able to wash and
reuse the device. The rechargeable battery will allow for the music-synced vibration to play for at least
1 hour. Bluetooth connectivity will allow the device to operate wirelessly and allow for greater
mobility.

Below are figures of sketches in Solidworks based on the design concepts that the team envisioned to
address the problem

Figure 1: The First Design Concept
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Figure 2: The Second Design Concept (Image on the Right includes dimensions)

Figure 3: The Final Design Concept Vibrating Device (Image on the Right includes dimensions)

Figure 4: The Final Design Concept Device Carrier (Image on the Left includes dimensions of the
pocket placement)

12
Senior Design Project Report- Team 6



4. Feasibility Assessment (Proposed Solution)
What criteria did you use to choose the solution method that you did? Is this solution the most feasible
based on technical, operational, schedule, and economic considerations? What impact might each
possible solution have on society in a global and contemporary context?
The solution method that we proposed was primarily based on current modalities for Parkinson’s
disease treatments. As for now, techniques commonly used to tackle PD include in-clinic physical
therapy and whole-body vibration, as well as deep brain stimulation. These techniques are not all the
time suitable for patients, and sometimes may cause discomfort and the equipment is often too noisy,
too heavy, and bulky. Our proposed solution involves a quiet lightweight vibrating device that can be
used at home at the patient’s convenience. This will certainly have a positive impact on the Parkinson’s
disease community, as the patients will not be required to go to a clinical setting all the time for
treatment or therapy sessions. They will have a rechargeable lightweight apparatus handy at home that
will be able to be used 2  times a day for a period of 5 days on a single charge.

The project will create a device that improves an already existing method of treatment to make the
process more effective and targeted to improving patient balance and mobility. There were various
assessment methods and criteria chosen to assess the solution and the solution’s viability. The
feasibility assessments performed for the proposed solution include budget analysis, hazard analysis,
regulatory assessment, technology assessment, critical success factors, and determination of standards.

Budget Analysis
The electronic components and the different materials selected to allow us to produce a device at a
relatively low cost ($136 worth of materials). Each component was compared based on the pros and
cons of available components using the technology assessment.

Table 2: A table of the actual cost assessment for this project as of 4/10/2022 is included below:

Materials, Devices, and Components Purchased

Materials/
Components

Quantity Cost Total

Linear Vibration Motor 1 unit $3.21 $3.21

Lithium Battery 1 unit $13 $13

Arduino Nano 33IoT 1 unit $23.30 $23.30

Fabric Device Holder 1 unit $16 $16

PLA Filament 1 spool $23 $23

Screw 4 units $0.90 $3.60
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Velcro Strap 1 Unit $8.49 $8.49

Project Display 1 unit $15 $15

Mini PCB 1 unit $9.99 $9.99

Charging board 1 unit $4.99 $4.99

Converter 1 unit $9.88 $9.88

Coin Vibration Motor
(10 pack)

1 unit
$10.99 $10.99

Coin Vibration Motor(4
pack)

1 unit
$5.99 $5.99

Headphones 1 unit $14.85 $14.85

5mm Vertical Slide
Switch

1 unit
$5.99 $5.99

Total Material Cost = $182.24

Table 3: A table of the actual product cost assessment as of  4/10/2022 is included below:

Product Cost Assessment

Lithium Battery 1 unit $13 $13

Fabric Device Holder 1 unit $16 $16

PLA Filament 1 spool $23 $23

Screw 4 units $0.90 $3.60

Project Display 1 unit $15 $15

Mini PCB 1 unit $9.99 $9.99

Charging board 1 unit $4.99 $4.99

Converter 1 unit $9.88 $9.88

Coin Vibration Motor(4
pack)

1 unit
$5.99 $5.99

14
Senior Design Project Report- Team 6



Headphones 1 unit $14.85 $14.85

5mm Vertical Slide
Switch

1 unit
$5.99 $5.99

Total Material Cost = $136.26

Labor 2 Hours $50 $50

Overhead (40% of Labor + 14% of
Material)

$39.08 $39.08

Total Product Cost= 225.37

Risk Assessment

We have identified 4 potential hazards associated with the use of our device. First, there could be an
allergic reaction to the device carrier material which is cotton. Some patients may have an allergy to
cotton and this may trigger some skin rash or irritation. However, this is likely to happen remotely, and
the severity is low. To mitigate that risk, we carefully investigated the biocompatibility rate of cotton,
and a tag will be displayed to list the materials of the device. Next, we identified an electric shock
hazard, due to the circuit components of the device. Since the device will be securely encased in a
polycarbonate box covered with a silicone sleeve, this risk is mitigated to happen only remotely, with
low severity. The following hazard identified for our device use is related to electrical injury due to
water penetration inside the device hardware. This may cause circuitry corrosion and provoke eventual
injury to the patient. This is also less likely to happen as the device carrier will be separated from the
circuit box, and the severity is marginal. Lastly, we considered exposure to vibration as a potential
hazard to elderly patients due to the use of vibration therapy. The risk will be mitigated by limiting
therapy sessions up to 2 mins and allowing low frequency ranges from 20 Hz to 300 Hz only.

Regulatory Assessment

The device would be considered a Class I Medical Device by the FDA classification, posing low to
moderate risk to the patient. Further analysis of the system leads it to fall under the category of
physical medicine therapeutic device: § 890.5975 - Therapeutic vibrator, making it subject to the
limitations in § 890.9 and is required to follow general controls, which are the baseline requirements of
the Food, Drug, and Cosmetic (FD&C) Act. This FDA class allows the device to be exempt from
510(k), Pre-Market Approvals (PMA), and the Investigational Device Exemption (IDE).
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Table 4: Engineering Standards

Standard Name

IEC 61010-1 Safety Requirements for Electrical Equipment

ISO 62304 Software used in Medical Devices

ISO 10993 Biological evaluation of medical devices —

Part 1: Evaluation and Testing within a risk

management process

IEC 62353 Medical electrical equipment

IEC 60529 IP Rating (Water Resistance)

ISO 5725-1:1994 Accuracy (trueness and precision) of

measurement methods and results

IEC 62366 International standard that covers the

application of usability engineering to medical

devices

IEC 60601-1 Medical electrical equipment – Part 1-11:

General requirements for basic safety and

essential performance

ISO 7250 Basic human body measurements for

technological design:

— Part 1: Body measurement definitions and

landmarks

— Part 2: Statistical summaries of body

measurements from national populations
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— Part 3: Worldwide and regional design

values for use in ISO equipment standards

ISO 5349-1 Mechanical vibration — Measurement and

evaluation of human exposure to

hand-transmitted vibration — Part 1: General

requirements

Technology Assessment
The investigation of available technologies to produce the device was based on electronic components
as well as on the available materials suitable for the device carrier. The most adaptive components to
our system were selected such as a DC vibration motor for efficiency and size, a 3.7 V lithium
rechargeable battery for better power capability, a Bluetooth audio receiver board, and a microchip for
an efficient interface connection. The circuit encasing will be made of Polycarbonate which is highly
biocompatible and resistant to heat and tear, and will be enclosed in a silicone sleeve to prevent contact
with the patient’s skin.

For the device carrier, Cotton was preferred to Polyester and Nylon for higher biocompatibility and
lower allergic reaction rate, as well as stretchability and flexibility.

Table 5: Vibration Device Technology Assessment

Concept (Materials) Pros Cons

HiLetgo Single USB Charging
Converter Board

● Wireless power source. ● USB-A Port is larger.

Adafruit Mini Lipo w/Mini-B
USB Jack

● The Micro USB port is
smaller.

● Possible Short Circuit

Adafruit Industries
Lithium-Ion Battery

● Thin (29.0mm x
36.0mm x 4.8mm)

● Brand dependent (can
destroy battery)

3.7 V Lithium-Ion Battery
Rechargeable

● Dimensions (37.0mm x
16.5mm x 2.8mm)

● High capability

● Length is larger.
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Linear vibration motors ● Low power
consumption

● Require AC power
● Larger

Vibration motor
BMV0803
H2.7

● Small
Round - 0.315" Dia
(8.00mm)

● DC motor ( More
energy efficient)

Bluetooth Audio Receiver
Board

● Universal Micro USB
5V power supply

● 3.7-5V lithium battery
power conversion

Microchip
ATtiny85

● Low power
● Small

● Challenging to debug
for errors

TL494 Chip ● PWM signal control
● AC to DC converter
● 5 V internal regulator
● No delay in

synchronization

● Requires another
OP-Amp

Table 6: Device Carrier Technology Assessment

Concept (Materials) Pros Cons

Cotton ● Soft and Stretch
● Lightweight
● Biocompatible

● Wrinkle

Polyester ● Flexible
● Lightweight
● Wrinkle resistant

● May cause allergic
reaction

Polycarbonate ● Biocompatible
● Strong and lasting

● Tear/scratch
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● High heat resistance

Silicone ● Biocompatible
● High thermal stability
● Can act as a waterproof

seal

Success Factors
In order for the project to be successful, the vibrations frequencies have to be the ones required. The
circuitry has to be connected correctly and with enough power in order to function properly. The
materials used for the device casing and the device carrier have to be biocompatible in order to be safe
for extended patient wear during therapy. The device must also establish a connection to a smartphone
in order to play music through Bluetooth.

Impact on society
Due to a growth in the population of Parkinson's patients and demand for therapeutics, the market is
currently valued at USD 5.18 billion in 2020. Due to the pandemic, people were told to stay at home
and many feared going out and receiving therapy. For Parkinson’s patients, this device would provide
therapy from the comfort of home and at a low cost. It will provide short-term relief to Parkinson's
patients having difficulty walking and maintaining balance. It would also give patients a sense of
motivation through dopamine release through music-based therapy. If it is used in clinics it will allow
therapists to provide multiple therapies at a time since this device will not need handling while it is
providing therapy.

5. Project Management: Organization/Work Breakdown Structure
What activities were done to accomplish the project? Who performed what tasks? What was the time
frame for the completion of each task, and then the entire project? What project management software
was utilized?  Did the teamwork together in a professional and ethical manner?
To begin the project, the team leader divided the tasks of researching the different key areas of the
problem being addressed to gain a clear understanding of the problem and the market requirements
needed for the device. After obtaining the market requirements, the group worked collectively to create
the design inputs and perform the house of quality analysis to formulate design concepts. After
selecting the best-suited design concept based on the market requirements and design inputs, the
feasibility assessment was divided amongst the team members and the team went over each section
together, while the verification tests were done together as a team. The team used Microsoft Project as
the primary project management software and Google Suites were used to collaborate virtually and
create calendar events. The team was able to work together in a professional and ethical manner. The
team worked together to think in the best interest of the patient and mediated any problems that arose
through discussion.
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The following table includes key components of the Microsoft Project, it includes the task name, how
long the task took, how was primarily in charge of completing the task, the start and end date of the
task.

Table 7: Updated Project Plan

Name Duration Assigned Person Start Finish
Name Duration Assigned Person Start Finish

Project Selection 30 days N/a 9/20/2021 10/29/2021

Received Project Opportunity 25 days Yency 9/20/2021 10/22/2021

Received Project Approval 5 days Yency & Bianca 10/22/2021 10/28/2021

Project Selected 1 day Everyone 10/29/2021 10/29/2021

Scope: To Deliver or to Provide …. 10 days N/a 11/5/2021 11/18/2021

Determination of need 2 days Maria 11/5/2021 11/8/2021

Determine Design Inputs 1 day Yency 11/8/2021 11/8/2021

Develop Design Concepts 5 days Maria & Bianca 11/8/2021 11/12/2021

Quality Function Development 1 day Everyone 11/8/2021 11/8/2021

Completion of Design 5 days Mario, Jacob, Yency 11/12/2021 11/18/2021

Feasibility Analysis 6 days N/a 11/12/2021 11/19/2021

Technology Assessment 3 days Mario & Bianca 11/12/2021 11/16/2021

Risk Assessment 1 day Yency 11/15/2021 11/15/2021

Cost Assessment 6 days Bianca 11/12/2021 11/19/2021

Regulatory Assessment 1 day Yency 11/17/2021 11/17/2021

Standards 1 day Yency 11/12/2021 11/12/2021

Project Success Factors 1 day Maria 11/12/2021 11/12/2021

Preliminary Design History File 22 days Jacob 11/5/2021 12/6/2021

Project Proposal Presentation 1 day Everyone 11/5/2021 11/5/2021

Receive Proposal Approval 0 days Everyone 12/9/2021 12/9/2021

Design 58 days N/a 1/10/2022 3/9/2022

Research circuit materials 4 days Bianca 1/10/2022 1/14/2022

Research software for coding 9 days Maria 1/10/2022 1/19/2022

Research app connection and program 11 days Bianca 1/17/2022 1/28/2022

Research lab resources for printing 11 days Jacob 1/17/2022 1/28/2022

Finish the first version of solidworks

prototype 5 days Jacob 1/26/2022 1/31/2022

Make simple circuit with bluetooth

connection 2 days Bianca, Jacob, Yency 2/7/2022 2/9/2022

Verify app works with arduino connection 2 days Bianca, Jacob, Yency 2/9/2022 2/11/2022

Schedule appointment with 7 days Mario & Maria 2/4/2022 2/11/2022
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zicarell@fiu.edu

Make kicad diagram for complete circuit 4 days Bianca, Jacob, Yency 2/9/2022 2/13/2022

Order materials for device hard case and

encasing 5 days Maria & Mario 2/11/2022 2/16/2022

Print first version hard case 2 days Maria & Mario 2/16/2022 2/18/2022

Test silicone encasing on solidworks case 1 day Maria & Mario 2/18/2022 2/18/2022

Finalize solidworks case design 2 days Maria & Mario 2/18/2022 2/20/2022

Code app with music vibration

synchronization 16 days Bianca, Jacob, Yency 2/7/2022 2/23/2022

Revise and Improve electrical

components 10 days Bianca 2/13/2022 2/23/2022

Printing the final version of solidworks

prototype 2 days Maria & Mario 2/21/2022 2/23/2022

Order materials for carrier 5 days Maria & Mario 2/20/2022 2/25/2022

Assemble case with circuity 2 days Bianca, Jacob, Yency 2/23/2022 2/25/2022

Sponsor Mid-Term Assement 13 days N/a 2/21/2022 3/6/2022

Draft Project Report 13 days Mario 2/21/2022 3/6/2022

Draft DHF and DMR 13 days Yency 2/21/2022 3/6/2022

Design Freeze 13 days N/a 2/21/2022 3/6/2022

Spring Break 8 days Everyone 2/26/2022 3/6/2022

Creating the device carrier 13 days Maria & Mario 2/23/2022 3/8/2022

Complete working prototype 16 days Everyone 2/21/2022 3/9/2022

Design Verification 21 days N/a 3/9/2022 3/30/2022

Preliminary Verification Test 2 days Maria & Mario 3/9/2022 3/11/2022

Review and Revise Design Specifics 2 days Bianca & Jacob 3/11/2022 3/13/2022

Ship to Weinstock Therapy 3 days Bianca 3/13/2022 3/16/2022

Weinstock Therapy Review on Device 4 days N/a 3/17/2022 3/21/2022

Secondary Verification Test 2 days Maria & Mario 3/22/2022 3/24/2022

Review and Revise Design Again 1 days Bianca & Jacob 3/24/2022 3/26/2022

Third Verification Test 2 days Maria & Yency 3/26/2022 3/28/2022

Performing Final Revisions on the Device 2 days Bianca & Jacob 3/28/2022 3/30/2022

Completion of Device Verification 1 day Everyone 3/30/2022 3/31/2022

Final Project Presentation Materials 21 days N/a 4/1/2022 4/22/2022

Project Abstract 2 days Yency 4/1/2022 4/3/2022

File Submission 9 days Bianca 4/1/2022 4/10/2022

Project Poster 7 days Jacob 4/7/2022 4/14/2022

Project Presentation 7 days Everyone 4/10/2022 4/17/2022

Final Project Report 7 days Mario & Maria 4/10/2022 4/17/2022

Final DHF and DMR 7 days Yency 4/10/2022 4/17/2022
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Senior Design Showcase Presentation 1 day Everyone 4/21/2022 4/21/2022

Sponsor's Final Assessment 4 days Everyone 4/17/2022 4/22/2022

6. Engineering Analysis and Decision-Making
What kind of engineering analysis was required to make the design decisions? How was the analysis
performed, and what was the result? What application of mathematical, physical, and life sciences
was used in the engineering analysis? What modern engineering tools (including, for example,
modeling software) were used for the analysis? On what basis were design decisions made? For
example, what criteria were used for materials choices? If experiments were performed, how was data
measured, analyzed, and interpreted to assist in design decisions?
To make the design decisions we used the established market requirements as a basis allowing us to
come up with measurable and verifiable design inputs. An extensive evaluation was done to justify the
decisions behind the product’s design, as well as the important characteristics for meeting the market
needs of the device. Biomaterial analysis was used to determine the efficiency and safety of all
possible materials (mechanical properties, elastic modulus, biocompatibility, etc) as well as extensive
research on circuits analysis for all electronic components to prevent any risk of electrical injury and
ensure functionality. Engineering analysis of biological systems allowed the team to identify the
targeted motor receptors (proprioceptors) in the lower leg, specifically the long flexor muscle,
posterior tibial tendon, Achilles tendon. These receptors were tested by the sponsor and proven to
increase balance in many research studies and clinical trials of whole-body vibration devices already in
the market. The circuit analysis and electronic components were critical aspects that were used in the
engineering analysis to choose the correct electrical components, which include the creation of a
simple circuit, electronic device skeleton, and the design of the device’s circuitry. The electrical
components were decided based on the efficiency of using the device while being safe and being able
to meet the design specifications.

The three proposed design concepts were determined utilizing Solidworks to visually represent the
concepts that were being considered based on the constraints found after cross-analyzing the design
inputs. For this reason, the house of quality was performed to decide which design is most feasible.
SolidWorks was the main engineering tool used to assist in the design concepts with the ability to
create 3-dimensional models of the design concepts and perform stress analysis of a drop test on the
case to ensure the final version would be working. Engineering analysis was also done to determine
what is required to modulate and operate the device. It was determined that software development and
coding were required to interpret the audio file and send the signal to the vibration device to play in the
form of vibration.

The device carrier needs to be a flexible non-allergenic material since it will be in contact with the skin
of the patient. Cotton was found to cause a minimal reaction when interfacing the skin. The device will
be encapsulated in a strong case using a 3D printer with PLA filaments, a strong and stiff thermoplastic
material (means they soften above a specific temperature and become solid again once cooled down),
as seen in Figure 5 stress analysis of the case in Solidworks using a similar mechanical property
filament to PLA, PETG. This enclosure will be further secured by a silicone covering, which will offer
low toxicity and the ability to repel water. For the vibration analysis, the low-frequency vibration range
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that will be utilized, 20-300 Hz was agreed upon after reading many previous experiments
implementing whole-body vibration with frequencies toward the lower end of the specified range.

Figure 5: Drop Test Stress Analysis Simulation of the Case Using PETG Material

7. Detail Design
Should include all production specifications, such as machine drawings, assembly drawings, material
and process specification, work instructions, etc.
Below is the Solidworks design of the case assembly with the cover attachment and the main body
connected, as displayed in Figure 6. Depicted is the curved surface that corresponds to the curvature of
the ankle and serves to hug the area, the screws to secure the main body to the cover attachment, All
the electrical components will be connected and assembled to be contained within the assembled case.
The case with the electrical components will be assembled and covered in a thin layer of silicone to
further close off and protect the circuitry inside. The device will sit on the ankle and produce
low-frequency signals by transmitting these stimulations produced from the vibration motors inside the
case. The device will be placed in a device carrier sock with a side pocket located exactly where the
targeted area is to hold in place the vibrations and be able to efficiently stimulate proprioceptors in the
tendons and muscles.
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Figure 6: Assembled Case Solidworks

Figure 7: Device Carrier with a Device pocket

The case assembly is divided into two components which are the main body and the cover of the case,
as mentioned above and displayed in Figures 8 and 9. The main body includes the area where all the
electrical components are housed and it includes all the entry points to the assembled circuit for the
device to work. The cover of the case includes a slit so that it is possible to put a strap through it that
makes the device independently functional without the need for a sock. There will also be 4 screws to
connect the cover to the main body of the case. This case was 3D printed in the Maker’s Space at the
Engineering Center using the Ender 3 printer available for students. We decided to utilize silver PLA
to reproduce the top portion of the case, and green PETG for the main body of the case as a first demo
prototype. The purpose of this double material approach was to determine the wire filament that would
support stress the most in comparison with each other, this verification was obtained from a stress
simulation on Solidworks to demonstrate that PLA was a better candidate for our purposes since the
difference between was relatively minimal, but PLA is more affordable. Ultimaker Cura was the
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software employed to slice the drawing of the case and print it, a procedure that took 4 hours for the
top and 6 hours for the body to be finished. Additional cleaning up was needed to eliminate extra
filament residue from certain parts of the case, such as the strap opening, the interior of the main body,
and all smaller holes of the buttons. Rubbing alcohol was used to dissolve the porous surface of the
device for a better application of silicone to increase the water-resistance capabilities of the device
once the circuitry is assembled.

Figure 8: Main Body of the Case

Figure 9: Cover for the Case
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This device incorporates all the functions required in the construction of a pulse-width-modulation
(PWM) control circuit on a single chip. Designed primarily for power-supply control, this device offers
the flexibility to tailor the power-supply control circuitry to a specific application. The TL494 chip
contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC) comparator,
a pulse-steering control flip-flop, a 5V, 5% precision regulator, and output-control. The oscillation
provides a positive sawtooth waveform to the dead-time and PWM comparators for comparison to the
various control signals. The frequency of the oscillator is programmed by selecting timing components
RT and CT (resistor and capacitor). This chip sends out two out-of-phase signals creating DC from the
AC music signal, acting as a comparator or operational amplifier.
The frequency of the oscillator becomes:

fOSC = 1/RT x CT

For the push-pull application:

f = ½(RT x CT)

An auxiliary cable was utilized to transmit the music signal waveform into the chip to analyze it and
transform it into a stable vibration. The cable was cut to expose the internal wires: white and red for
out-putting music signal, to which a 1k Ohm resistor was soldered and connected to jump wired to
facilitate and secure connection to board. The copper wire was simply soldered to a jump wire. This
allowed for the manipulation of the average music signal using an oscillator machine to observe the
waveforms produced and control the frequency of the vibration. Headphones with bluetooth
components integrated to each earbud were obtained to satisfy the market requirement of a wireless
device, to which the same soldering work was performed and the smartphone was utilized as a signal
provider to the headphones. A B10K potentiometer was determined to be the perfect component to
manually establish the frequency range the device outputs and the function for this was decided to be a
voltage divider. A second potentiometer was utilized, B20K with the purpose of obtaining a variable
resistance with a range of 0K Ohm to 20K Ohm. This allows the circuitry to control the DTC
(dead-time control) or PWM duty-cycle. Diodes were added as flyback diodes to loop the current back
to the motor, since the current would resonate otherwise and would not allow the motor to turn off
when the music signal is off. The capacitor used was a 300Hz low pass filter that allowed only the bass
of the signal to be input for the motor, acting as an imaginary impedance. The vibration motor was
soldered to jump wires to improve board connections. After testing the vibration with the music signal,
we were able to synchronize them without delay with a maximum frequency range of 0-300Hz, which
concors with the low-frequency vibration therapy as indicated in literature. The music rhythm was able
to be transmitted into the vibration, as well as, heard by the user using the other earbud.

While this design worked fine, the filtering of the peaks needed to be more precise. The executive
decision of interveting the order of the chips used (TL494 and LM358) was made with the intention of
using the latter mentioned as a peak detector, low-pass filter, and amplifier. The former chip mentioned
was kept simply as the wave comparator. This fixed the precision of the filter and allowed the song
“Eye of the Tiger” to vibrate accurately throughout the motor.
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Figure 10: Schematic of the TL494 Chip

Figure 11: Schematic of the LM358

Figure 12: Simulation Diagram of Device’s electrical components

27
Senior Design Project Report- Team 6



8. Construction
How was it constructed? By whom? Using what manufacturing techniques, tools, and processes?
What problems were overcome?
The initial prototype was manufactured by the team utilizing the Marker’s Space at the Engineering
Center, where the Ender 3 printers are available to Biomedical Engineer students all day without an
appointment. The team first had to slice the design sketch in the Ultimaker Cura software to confirm
the parts did not interfere with one another and to avoid any complications while printing. The
materials available were two filaments, PLA (polylactic acid) and PETG (polyethylene terephthalate
glycol), which based on our project PLA seem to work efficiently, it is more affordable, and it offers an
aesthetic end-product. Their characteristics were compared using Figure 13 below and it is observed
that PLA has good part quality, strength, and stiffness, whereas PETG only offers strength capabilities,
increased durability, and chemical resistance. Nonetheless, we decided to construct our first prototype
with both materials, with the goal of obtaining a physical feeling of their properties. Thus, the cover of
the case was printed using PETG and the main body of the device case was printed using PLA, a
process that took place on two different days. On the first day, the top portion was executed and lasted
4 hours, the second day the bottom portion took 6 hours to be completed.
Maria Chiang was responsible for the further modifications done to both pieces, such as removing high
points and deformities present in the material. The Aluminum Oxide 120J sanding paper was utilized
to perfect the orifices on each side of the main body of the device to allow buttons and LEDs to be
inserted without difficulty, and rubbing alcohol was used to smooth out the surfaces of both pieces to
avoid significant friction when the device is placed inside the sock (device carrier).

Figure 13: Characteristic Comparison Between PLA and PETG Filaments for 3D Printing
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The circuitry was assembled by Yency and Maria at the EPSi Laboratory Group of Dr. Arif Sarwat in
the Electrical Engineering Department (Room 3920) where many of the components needed were
provided, an oscilloscope, a function generator, a DC Power supply machines were borrowed for
testing and measuring critical values, such as frequency and voltage. A soldering iron, tin wire, a
dremel, and a voltmeter were also utilized in the process of manufacturing. The team agreed to not
split the music signal to the device and a speaker to save power. Wireless headphones were
implemented because one of them was added to the circuit as a music signal transmitter and the other
one left for the user to listen to the songs simultaneously. The Peak Detector diagram was referenced to
build a precise system that filters peaks depending on the potentiometers added and their calibration.
The two chips exchange location, first one that acquires the music signal is the LM358 to amplify the
signal, allowing low frequencies to be trans mitted to the motor by creating a low-pass filter, as well as
acting as a peak detector. The TL494 captures the signal and acts as a comparator to convert the AC
signals into the DC signals the vibration motor understands. There are 3 different potentiometers, the
first one is a B10K and it acts as a voltage divider chan ging the ratio between two resistors, allowing
intensity to be controlled. The second and third potentiometers are both B20K act as variable resistors
to control precision of the peaks felt by the motor. This allowed for minimum delay between the music
heard and the rhythm felt by the device.
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Figure 14: All Components for the device

Figure 15: Assembled Circuit

Figure 16: Assembled Case and Device.
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Figure 17: Final Product with Device Carrier and Device

9. Testing
How was verification testing designed and conducted? How was validation testing designed and
conducted? What application of mathematical (including statistics), physical, and life sciences was
used in the analysis? What modern engineering tools (including, for example, sophisticated testing
and analytical equipment) were used for the testing and analysis? What were the results?
Verification tests were selected and designed to ensure the project was completed within the
boundaries of our expected market requirements and design inputs. The first Design Input (DI) was
that the “dimensions should be equal to or under 100mm x 60 mm and it should be made of
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low-density material less than 1 kg per cubic meter”, thus a simple and accurate test protocol was
created where the scope is to measure the length, height and width of the vibration device, sock, and
the sock pocket, as well as to measure the weight of the vibration device. This will be accomplished by
using a ruler with a centimeters measurement and a scale in kilograms and grams. The second DI
required the battery capacity to operate for at least 1 hour on a single charge and the way the team
found most efficient was to utilize a Discharge Battery Test and a Power Calculation of the circuit
where the goal is to accelerate the cycle life of batteries by conducting an extended session where the
device is on and vibrating with music until the battery dies. This test assesses whether a battery will
meet the requirement to operate for 5 days with 2 sessions per day and last the entire duration of the
treatment session. The third DI demands the device’s circuitry to be enclosed inside a case able to
withstand a minimum of 50 liters of water sprayed at a pressure of 50-150 kPa continuously for 5
minutes in any direction. It is critical to test the moisture resistance of the device and ensure that it is
properly protected against small splashes and sweat that may occur with normal use. Excessive
sweating can be a consequence of damage to the autonomic nervous system as Parkinson’s progresses
or a side effect of anti-Parkinson’s medications. This will be tested by utilizing a water pressure system
and a visual moisture detection test while exposing the device to the standard specifications of IPX4
for water resistance. The last DI states that low-frequency vibration will be delivered to the patient
using a range of 20 - 300Hz and to confirm these are the outputs of the device we will implement an
Oscilloscope machine to acquire the average frequencies being outputted by the waveforms.

10. Evaluation
What application of mathematical (including statistics), physical, and life sciences was used to analyze
and interpret the results? Was a statistical software package, or other modern engineering tool, used
to assist in data interpretation?  What were the specific evaluation criteria?  Were they met?
In order to develop our music vibration device we’ve applied many mathematical, physical and life
sciences. We used our knowledge of statistics to evaluate the data collected through our verification
testing of the discharged battery test. We conducted this verification test by using a multimeter, 5010-4
PCBA battery analyzer and proprietary software. A verification test of output of a frequency within the
range 20-300 Hz was conducted with the use of the curve creating software which displayed the data
acquisition over time. We used pathophysiology to determine the correct placement of the device, to
maximize the effectiveness of the stimulation to the lower leg. Biology and neuroscience was used in
research of the cause of parkinson's, understanding the mechanism that causes a decrease in dopamine
and in turn a decline in motor function and freezing of gait. We used materials engineering and
databases to determine the biocompatibility of the device carrier. The use of CAD software,
specifically solidworks, helped to design the case with the correct dimension and perform simulations
of the materials of our case (Shear Stress and Strain) through this software.

For our first verification, the dimensions and weight of the device case that contains the electrical
components is within the boundary limits of 100 mm x 60. The device was measured to be 90 mm x 60
mm x 30 mm. Just reaching the border of our constraints therefore satisfying our market requirement
of the device dimensions and weight. The average calculated length of the device is about 89 mm over
5 tests. The average calculated width of the device is about 58mm over 5 tests. The average calculated
height of the device is 29mm over 5 tests. The average weight is about 87 grams over 5 tests. The
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average height range of the device carrier is 246mm to 312mm. Our acceptance criteria is the device
should have dimensions of 90 mm x 60 mm x 30.15 mm and weight of less than 1 kg. The height of
the stretched sock should be no less than 310 mm. Therefore, this verification test is met successfully
as all the results fall within these constraints.

For our second verification, the stopwatch protocol will be used to determine the functionality of
certain aspects of the device by measuring how long aspects of the device take. The average calculated
time for a subject to interpret the lag time of the device music playing and vibration is 0.66 seconds or
66 milliseconds. Our acceptance criteria is the device should have latency no greater than 1 second so
the delay is not noticeable. Therefore, this verification test is met successfully as all the results of lag
time fall under 1 seconds.

For our third verification, the oscilloscope test protocol will be used to measure the vibrational
frequency output from the vibration device. Thus, 5 tests were performed at random times throughout a
song. The frequencies that were recorded are about: 130 Hz, 73 Hz, 54 Hz, 130 Hz, and 43 Hz. Our
acceptance criteria is the device should have an output frequency in the range of土 10% of 20-300Hz.
Therefore, this verification test is met successfully as all the results of the frequency output were
within a range of 20-300 Hz.

Figure 18: Output Frequency

For our fourth verification, the ingress protection test protocol will be used to test if the device is
resistant to moisture that it may come in contact with, such as small splashes, spills, or sweat. We
determined an IPX4 rating should be met to ensure the electronics will be protected from these levels
of water. A total of 6 tests were performed and the result for each was that there was no moisture
detected on the paper towel. Our acceptance criteria is the device should be able to not allow any
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moisture inside the device. Therefore, this verification test is met successfully as there was no water
detected anywhere on the paper towel during any of the tests.

For our fifth verification, the battery discharge and consumption test protocol will be to test if the
battery is rechargeable and able to operate for an adequate number of sessions in one week on a single
charge without any external attachments. We used a battery analyzing software called Imtec Battery
Mark to set the charged current limit to 550 mAmp, charge voltage limit 4.2V, charge start voltage
2.75V, charge end rate C/22, discharge capacity limit 111%, target capacity 110% which helped us
analyze and display the battery discharge represented by the blue line in the graph below.

Figure 19: Battery Discharge over time
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Figure 20: Battery Discharge over time plotted

Battery Consumption Test

The average current the circuitry was pulling was 89.306 mA. There are 2 batteries being used with
each having a capacity of 982 mAh each obtained by the battery discharge test, giving a total of 1964
mAh. By dividing the total mAh by the current readings we obtain the hours the circuitry can operate.
The total average time of operation with the batteries being used for this circuitry is 21.97 hours. Our
acceptance criteria is the battery should have a discharge time of no less than 1 hour and a calculated
time of operation of at least 1hr. Therefore, this verification test is met successfully as the results of the
battery consumption will take about 22 hours which highly exceed our 1 hour functionality
requirement.

The sixth verification test was used to determine biocompatibility of the material of the device carrier
to ensure there is no irritation to the patient's skin during the duration of the therapy session. We used
the ISO 10993-10:2010 standard to research the prestested considerations for irritation of the material
listed. The synthetic polymers include: Polyethylene terephthalate (PET), Polymethylmethacrylate
(PMMA), Polyoxymethylene (POM), Polyphenylsulfone (PPSU), Polypropylene (PP), Polylactic acid
(PLA), Silicone. The fabrics considered include: Polyurethane fabrics, including Lycra, Cotton fabrics,
Polyamide fabrics, including nylon, Silk fabrics. For the procedure we researched the biocompatibilty
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of each material at limited (24 hours or less), prolonged (24 hours to 30 days), and long-term (more
than 30 days) contact durations. Through this research and consideration we concluded that the three
main materials that we will use for the device case and carrier are polylactic acid (PLA), cottom fabric
and spandex. This verification test passes since the two fabrics and the synthetic fabric are all
classified as biocompatible materials and would not cause irritation over an extended amount of time.
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