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1.0 Executive Summary

Health has alwaybeen an important topic in our society. However, the exact definition

of health has constantly changed over time. Before, being healthy just meant that a person
did not have any type of disease. 't wasn
Organizaion, an organized agency of the United Nations that focuses on setting norms

and and standards, policies, and providing leadership on matters related to public health,
defined health as fAthe extent to wtionsch an
and satisfy needs, and to change or cope with the environment. Health is a resource for
everyday life, not the objective of living; it is a positive concept, emphasizing social and
per sonal resources, as well as physical ca

People are alwas monitoring their health, whether it is in the form of doctor chgu¥

paying attention to nutrition, or going to the gym. With innovations in technology,
tracking health progress has become easier as gaciyefwovide statistics and tips
based on redime trends and scientific studies. We wanted to create a product that not
only contained many health features to track health progress but also serve as an alert
system in times of distress. There are alreadye$is trackers in the market, and there are
already distress signal beacons for elderly people. The idea behind the bioelectric
smartwatch is to integrate both the lifestyle improving characteristeswwfartwatch and

an emergency GPiSacon.

The bioeletric smartwatch is a small electrical current device that has the capabilities of
monitoring a personés vitals based on thei
or alerts to specified personnel in the event of a medical emergency. The bimelect
smartwatch will be able to collect and send data wirelessly to a safe and secure mobile
web application. The user will also have the ability to allow or deny the supervisory to

their medical professional or family members. The smartwatch will alsothavability

to display helpful information and notify users through the use of vibrations, and visual

LED interface. By doing this, we are providing aid with new age medical technologies,
contributing to society, and helping in the physical therapy mes:ti

The bioelectric smartwatch is tailored towards elderly people, or people with an illness
that needs to be tracked. The watch will have the ability to send a signal in the event of an
emergency that wil!/ noti fy | ogdhatloldeapeopleor i t i
and people with certain medical conditions are more at risk for accidents, having the
ability to track vitals and send out an emergency GPS signal will help save lives. To help
improve the life of the user, the pulse and temperatuigk,stap count will help track

their exercise. Increasing exercise is a key factor to living a healthier lifestyle. The
bioelectric smartwatchoés purpose is to as:s
living a healthy lifestyle, and maintaining a hby lifestyle if they are already living a

healthier lifestyle. While being tailored towards the elderly, this watch can also be
marketed towards the general public.



2.0 Project Description

The bioelectric smartwatch is to have a small microcontroR€B. This small
microcontroller should have the capability to monitor and detect client's health with
integrations of many vital body sensors. F
the possibility of having one type of motor function such a&srttythmic spontaneous

resting discharge may need the accelerometer feature of the watch to monitor the speed of
hand muscle contractions and the body impedance to send notification to user to notify
them that they are experiencing a tremor. The acceléeormell measure the hand
movement, and send data wirelessly.

The pulse sensor of the device will contain an infrared emitter and receiver. The emitter
sends infrared light through the skin, and the emitter acts like a solar cell, absorbing the
light tha is reflected by the body. The emitter turns the infrared light into electrical
signals that are then amplified. The changing blood flow through a vein will reflect
different amounts of infrared light, thus the emitter will be seeing spikes that can be
interpreted as a puls@he analog signal from the body is filtered. After filtering the
signal, the pulse can then be output to the user in beats per minute (BPM).

Skin temperature can be implemented using a thermistor, a type of resistor that changes
resistance based on its temperature. This component will be integrated into the
smartwatch to directly make contact with t
ai d i n the measur ement of a personods el e
conductance, which is activated by an increase in sweat gland activity.

Data from these tests will be sent wirelessly to a monitoring device web platform (smart
device, compt er , etc.é) to help with, coll ectin
medical professionals. The mobile web platform will be secure and make sure the privacy

of the user medical records is not compromised. A GPS system will also be integrated

with thewat ch to track the userods | ocation th
device. In the event of an emergency, the user will be able to send a distress signal that
will help authorities pinpoint their location.

2.1 Goals and Objectives

The bioelectic smartwatch works toward essentially being a hub for health and a monitor
of a personds health conditions. The objec
can be used by sick and elderly. A user will be able to create an online healthtprofile
specify any type of health conditions they may be suffering from. For example,
customers with Parkinson's and anxiety and high stress. Some of the health conditions
that we will factor into the watch include measuring pulse, skin temperature, movement.
Furthermore, this apparatus will utilize a mobile web application capability to store
private information that can be used for medical records and progress. Additionally, this
information can be securely sent to approved family and medical personnel. The
smartwatch mobile web application will be able to send out alerts and notifications to
specified authorized personnel, when there is need for medical or considered high risk

2



situation for the client.

2.2 Project Specifications

0 Watch Shell
o 10cm x 7cm
1 Prototype will be larger than actual product after integrating
components into a chip
o0 Weighs under %2 Ib
o Will have a wrist strap
1 Wrist strap will be universal fitting wrist strap for any user
o Will be comfortable for the user
o Will contain an LCD screen
1 Will be able to read pulse
Will be able to read temperature
Will be able to navigate through menus
Will be able to read the screen at night
Will have the time
Will have battery status
o Will contain a Lithium battery to power the watch
T Will supply 3.7V DC to thenicrocontroller via a power supply
circuit
i Will be charged from a power outlet via a cord
o Will have buttons to navigate menus
o Will have a motor that alerts user
1 Motor will be controlled via transistor

—( = —C —C —(

0 Accessibility
o Will be lightweight
o Will be portable
0 Wireless Communication
o Can send and receive data up to 50ft.
0 Measurement and control information send and receive accurately to web
based application
0 GPS Signal
o Can detect user location with 90% accuracy
0 Measurements
o Wi | | be abl e t owithret#tZbeatsgpermiswter 6 s pul s e
o Will be able to measure temperature within +tdegree Fahrenheit
o Wi I | be able to measurlg user6s movem
o Wi | | be able to meas-60fte user 6s posit

0 Smartwatch features
o0 Detect if user is active
Detect shaking
Alert user of shaking
An alert button to notify authorities
Detect speed of shaking

[olNelNelNe]



Measures body impedance
Measure skin temperature
Measure skin moisture
Measure pulse

M O O O

2.3 Marketing Trade-off Matrix

A House of Quality Diagram is a diagram that helps determine how a product will meet a
customer 6s need. This diagr am, seen in Ta
important tradeoffs and marketing requirements. Some things that were considered were
predictions of thec u s t o ewmectatidns and what aspects they would be looking for
when considering our product. A legend explaining the symbols that were used can be
seen in Table 1.

Tablel: Legend for House of Quality Diagram

Legend

y | PositiveCorrelation

N\

Negative Correlation

+ | Positive Polarity (Increasing the Requirement)

- | Negative Polarity (Decreasing the Requiremer

Blank spaces mean no correlation

Table 2: House of Quality Diagram

Watch Adaptability | Weight | Accuracy in Battery Size
Dimensions of measurements
Device

- + - + -
Small Size -1y W% % Z ¥
Low Cost -1y Z ¥ ¥ ¥
EasytoUse |+|Z Y Y Y
Long Battery | +| ¥ Z Z Z Z

Life

Durable +|y ¥ % ¥ %
Targets for 10cm x 7cm | Covers at <%lb [>95% <%lb
Engineering least two user
Requirements cases




3.0 Research

This section gives an overview on the research and background information implemented
when designing and creating the bioelectric smartwatch. Included in this section are as
follows:

0 Information on existingproducts

w

0 An overview of the research done in picking components
0 Technology used for the bioelectric smart

Analysis was done on the different methods to best meet the bioelectric smartwatch needs
and the advantages and disabages of the potential components were considered.

3.1 Existing Products

Moni toring oned6s health has incredangd in p
With these new health trends and diets emerge, devices in the market are geared to
include ways to track their activity. This section discusses and reviewexsgng

and/or similar products where some of the attributes were included or improved on in the
bioelectric smartwatch.

3.1.1 Fithit
The Fitbit is an activity tracker and wireless emabievice. It can measure a variety of
personal metrics related to a personé6s fi

walked, and heart rate. Most of the Fitbit products can be worn on the wrist. There is also
a mobile app and website that Fitbit issean use to log in calorie consumed and burned,
track their progress over time, and set goals for themselves. The Fitbit also includes a
USB to sync data to the mobile app and website. Fitbit also offers their products in a
range of designs and colorsthat users can customize their Fitbit to their liking.

Figure 1: Image of Wearable Fitbit
Courtesy of http://help.fitbit.com/?cu=1&form=pr



Although this product is widely popular, it comes with a few criticisms. One major
criticism is privacy concerndAlthough Fitbit has its own account 4gd, there was an

i ssue with the website with their useros
available for the public to view. Another issue is the cost of the Fitbit. Since the market is

a competitive ahosphere, many other devices offer similar services that the iFitisit

offer, but at a cheaper cost.

3.1.2 Life Alert

Known for its catchy slogan, I've fallen and | can't gpt ®, Life Alert is a small

wireless help button that a user wears at all $in@ the event of a medical emergency.

This device is geared toward someone who is handicapped or elderly person. If they are

in trouble, the user can press the button on the pendant which acts as an automated dialer
that is connected to a telephone lifide pendant serves as a speakerphone so that the
emergency dispatcher can alert authorities
features are that the device is waterproof, has 800ft range, and has a battery life up to 7

10 years (Website).

Figure 2: Different Wearable Options for Life Alert System
Courtesy of http://lwww.lifealert.com/

The biggest issue facing the Life Alert system is its reputation in society. Although the
commercials for the Life Alert system are informative and serve rasnader of the
importance of the device, many potential users are dissuaded from buying the product
because of its stigma. It has been mocked on social media and television. Another
drawback to this system is its design. Although, the pendant can beowdne wrist or
around the neck, the design of the pendant itself is bland. Reviews have stated that Life
Alert was a reliable system; however, it's not the best option for people who have active
lifestyles.

3.1.3 Apple iWatch

Appl e watch uses PPG to measure its wuser 0s:s
Green, and infrared light. Blood absorbs green light very well, thus the green is a better
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indicator. The infrared light is used when the user is sleeping. Photodiodssrendze

amount of light absorbed by the blood to see how the blood is flowing. The apple watch

can also connect to a chest strap, that can measure the BPM of the heart by EKG, which

is more accurate. Other watch manufacturers use the same methodé@ gatther 6 s pul
including FitBit, Garmin, and Polar.

Figure 3: Apple iWatch PPG
Courtesy of https://support.apple.com

3.1.4 Garmin ForeRunner and Chest Strap

GARMIN

Figure 4. Garmin ForeRunner 630 and Garmin Chest Strap
Courtesy of https://www.bike-discount.de

The Garmin ForeRunner series is used by fitness enthusiasts that use heart rate to

improve their workouts. Newer Garmin ForeRunners also include PPG, but may
communicate to an external chest strap via Bluetooth for impras@dacy. The chest
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strap utilized Electrocardiography (ECG), to more accurately measure the heart rate of
the user while they are more active. Other fithess watches can communicate to an
external chest monitor like the abovementioned, but for our designnitt necessary
because this watch is not intended for fithess purposes.

3.2 Skin Temperature Sensor

The skin is the largest organ of the body. It protects our body from external elements,

regulates our internal temperature, and helps produce necessatya mi n s . A per

average internal temperature is°’G7(98.6F); however, internal temperatures can vary
due to the outside environment. I nternal
health. Because of these fluctuations in temperature, maghadssionals pay special
attention to temperature because it can be an indicator of any health problems. There are
many ways to measure skin temperature but the most accurate method are internal
measurements or in a body cavity. An example can be seem ddwtors measure a

A

personds temperature in the tympanic membr

A traditional thermometer works with the thermal expansion or contraction of fluids with
respect to temperature changes. Usually the fluid used is mercury bicpose bigger
when heated and small er w h e R37-36660 (13461 . It
672.8F), unlike earlier methods that used water which freezes &CLE2°F). When

the material idveatedor loses heat, it must reach its final pressure in order to obtain an
official final temperature. In heated materials, the liquid in most of the thermometers is
forced to rise, either going up or down.

The bioelectric smartwatch will measure skin tempegea on the wrist. Due to its
placement, there will be loss in accuracy. When measuring skin temperature on different
parts of the body, It mu s t satisfy a set
(Please refer to section 4). There are many typesmponents and methods to measure

skin temperature in the market; however, we narrowed our search to focus on digital
thermometers. Within this category the following have been considered:

0 Resistance temperature detectors (RTD)
0 Thermocoupds
0 Thermistor

0 Temperature sensor integrated circuit

3.2.1 Resistance Temperature Detector (RTD)

Resistance Temperature detectors are detectors that sense temperature by using the
change in resistor values to calculate temperature.r@lagéonship between resistance

and temperature is described as the change in resistance of the sensor per temperature
degree change. An RTD probe is designed by wrapping acdited wire around a
ceramic core. A pure resistance element, usually platimickel, or copper, is used to

best determine temperature. This device can be easily placed on the bottom of the
bi oelectric smartwatch so that it can di

r

1
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this detector is that the price for this componsreéxpensive.

coiled resistance element

connector

wires
-
Qe

core

Figure 5: Design of RTD
Courtesy of http://www.omega.com/prodinfo/rtd.html

3.2.2 Thermocouple

Thermocouples are temperature sensors that are very sensitive to changes in temperature.
A thermocouple has two metal elements that formjtwmations. One junction is used as

a reference while the other junction is connected to the unknown body temperature. With
these two junctions, the unknown temperature is measured in reference to the known
temperature. The thermocouple works when the tireswvare joined at both ends, a
continuous flow of current flows and when this circuit is broken, the voltage produced is
correlated to the temperature. The image in Figure 6 below shows the schematic for a
typical thermocouple design. This image showstihe wires at different temperatures,

one ambient temperature and the other at a higher temperature. A voltage difference
between the two wires was measured and found using the equation below, In this
equation. S1 and S2 are the Seeback coefficients tfvthelements, which can be found
using online reference tables.

TAIL JUNCTION
I,L\ LC\END WIRE 1 END
(V) Ty T>T,>T,

Figure 6: Schematic of Thermocouple
Courtesy of https://www.msm.cam.ac.uk
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3.2.3 Thermistor

A thermistor is a semiconductor device thatasure temperature using electrical
resistance. They are usually made from ceramic or polymer. The resistance of a
thermistor will change with the change in temperature and temperature and resistance
have a nonlinear relationship. Due to its size, it kjyicesponds to any temperature
changes.

3.2.4 Temperature Sensor Integrated Circuit

An integrated circuit temperature sensor tsva-terminalintegrated circuit temperature
device that produces an output current. This output current is then used in proportion to
absolute temperature. With integrated circuit like this temperature sensor, there is
extensive signal processing circuitry includedjalding the use of lesser parts.
Temperature is also measured continuously. The Figure below shows a schematic of a
simple temperature sensor integrated circuit that houses an internal operational amplifier.
The internal amplifier acts as a comparator teasure the differences in a reference
voltage and the temperature of the unknown material/ object. The diodes aid in the
measurement of the actual temperature sensor. The voltage drop across the diodes depend
on temperature to operate. All of these compbtmeare internalized into an integrated
circuit component such as the LM35. Further studies will be conducted to determine the
best component for the bioelectric smartwatch.

+5 to
12V
10 Ko
Sk
2 =
1 2K
e
3
3 OP Amplifier )
. Sensor | used as =
- d Comparator

Figure 7: Simple Diagram of Temperature Sensor Integrated Circuit
Courtesy of htps://www.omega.com

Table 3 shows a comparison of the four different types of methods that skin temperature
can be measured. Some of the similar characteristics for the different types of methods
were weighed against each other.
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Table 3: Comparison ofTechniques to Measure Skin Temperature

Type RTD Thermocouple | Thermistor IC Temp
Sensor
General -260-750°C | -180-1480°C | -50-300°C -55-150°C

Temperature Rang

Accuracy Most accurate| Variation Depends on Wide
between model variation
models between

models

Input/ Output High power | High power Low power Low power

Power

Linearity Nonlinear Non-linear Non-linear Linear

Cost Expensive Can be Can vary Cheapest
expensive

Table 4: Comparison of Integrated Circuit Temperature Sensor

Name LMT70 MAX6613

Supplier Texas Instruments Digi-Key

Temperature Range -55150°C -55-130°C

Accuracy +0.05C or #0.13°C from|+4.0°C from O0°C to
20°Cto 42°C 50°C

Size 0.88mmx0.88mm Not given

Cost $0.80 $0.86

From research and comparisons, using an integrated deoyierature sensor will meet
the requirements of the bioelectric smartwatch.
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Based on research comparison on the two components, the LMT70 was chosen for the
bioelectric smartwatch because it has a better accuracy and is slightly cheaper than the
MAX6613.

3.3 Voltage Regulator

Voltage regulators are designed to maintain a constant voltage level automatically. They
prevent the occurrence of damaging surges and provide enough voltage that is required
for a device to work. There are two types of voltage regrdalinear and switching.

3.3.1 Linear Voltage Regulator

A linear voltage regulator controls the voltage drop between the input and output to keep
the output voltage constant or at a desired value. A simple linear voltage regulator can be
made using a ansistor and an operational amplifier to perform output regulation.
However, to simplify components and due to spacing constraints from the size of the
actual watch, a voltage regulator component will be used. Linear voltage regulators are
required to have higher reference voltage than the output voltage because the output
voltage is derived from the reference voltage.

—_ |

— | I Iy
Reference I Error ™—___ Current - Vv
voltage =/ |7 |amplifier _— | amplifier >V

= i |

I |
T I | Ry

| B |

L _ I =

Figure 8: Basic Diagram of Linear Voltage Regulator (Courtesy of
Microelectronics)
Courtesy of Microelectronics Circuit Analysis and Dsign

The image in Figure 8 shows a basic schematic of a linear voltage regulator. The portion
encased by the dotted lines make the feedback Ranpof the output voltage goes back

into this feedback loop to ensure that the feedback is equal to the reference voltage, thus
acting as a regulator. One main concern of the linear voltage regulator is that it may cause
a device to overheat because of thgdaamount of energy dissipation. This can be an
issue for the bioelectric smartwatch because users must be able to wear the watch
comfortably, and safely, without worrying about being burned.

3.3.2 Switching Voltage Regulator

Switching voltage regulatorare regulators that vary its duty cycle to rapidly switch a
device on and off to maintain a constant output voltage. If the output voltage gets too
high, energy flow is cut while energy flow is taken from the input if the output voltage is
too low. The usef capacitor and inductors are also used for energy storage purposes.

12



i . - r
Vin  Dran Source Vout

. n

¥ R1

Gate \ | "+ # RL
Pulse Width pm— =2

Modulator + . l

Figure 9: Basic Diagram of Switching Voltage Regulator
Courtesy of http://www.ece.ucf.edu

The image in Figure 9 shows a basic diagram of a switching voltage regulator. A simple
switching voltage regulator usually has a MOSFET and a pulse width modulation. A
pulse width modulation is a modulation technique that controls power to electrical
devices and loads while the MOSFET controls the flow of voltage. The capacitor in the
diagram seres as a storage element, storing the peak voltage. The capacitor can also
serve as a DC source voltage even when the output voltage is at a higher voltage.

Table 5: Comparison of Linear and Switching Voltage Regulators

Type Linear Voltage Regulator| Switching Voltage Regulatol
Relationship between | Input is higher than outpy Output can be higher than
input and output input

Ease of use Simple Complex

Efficiency 50% or < 70-90%

Cost Inexpensive Can be expensive

To fit the purposes of the bioelectsmartwatch, a switching voltage regulator will be
used. Three types of voltage regulator have been reviewed to determine the most
applicable to the project. They are the TPS61200 voltage regulator, the U1V11F3, and
the 10227758ND. Table 6shows the compeon of the three voltage regulators. Based

on the research and comparison, the best voltage regulator for the bioelectric smartwatch
is the U1V11F3.
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Table 6: Comparison of Voltage Regulator Components

Name TPS61200 102-2758ND UlV11F3
Also, known as PDSBE5S5-S

Supplier Texas Instruments Digi-Key Polulo

Max current 600 mA 200 mA 1.2 A

Max voltage 55V 55V 5.5V

Min voltage 05V 45V 05V

Price of 1 $4.49 $4.31 $4.95

3.4 Data Convertors

With the features that will béncluded in the bioelectric smartwatch, data will be
gathered and sent. This will require the use of a microcontroller that will be able to read
and send information to a computer or application to either be calculated or processed
into a format that is stable for the user to read. As a result, multiple microcontrollers
that fit the needs of the bioelectric smartwatch were researched and compared.

3.4.1 Comparison of Data Convertors

One avenue to consider for the bioelectric smartwatch capabilitiesuseta lowcost
integrated analog froregnd for weightscale and body composition measurement, also
known as AFE 4300. This device applies a sinusoidal current into the body between two
terminals. As a result, body impedance is measured back with a ditier@mplifier
(Datasheet). Another device similar to the AFE3000 is a complete low power integrated
analog frordend for ECG applications, also known as ADS1292. This component has
features required in portable, legpower ECG, sports, and fitness applicas. The last
device is the ADS1115. This component has a programmable gain amplifier and
comparator. One thing to note about this component is that it reduces power consumption
during idle period. Table 7 shows a comparison of the three data convedonsemhs

the pros and cons to determine which best
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Table 7: Comparison of Data Convertors

Name AFE 4300 ADS1292 ADS1115
Supplier Texas Instruments | Texas Instruments | Adafruit
Max. Supply| 3.6 V 5.5V 5.5V
Voltage
Input Current 30e A 10e A 10 mA
Capabilities -Weight scale -Biopotential -Temperature
measurements measurements Measurement
. . Systems
-Supportaup to4 load| -Multichannel signal y
cell inputs acquisition -Performs
data
conversion
Cost $4.86 $11.72 $14.95

The ADS1115 component was ultimately chosen for the bioelectric smartwatch for its
multiple features and concentrated focus on temperature prices.

3.5 Microcontroller

This section describes the research done to determine the best fit for the bioelectric

smartwatchos

pur poses.

A mi

crocontranl |

er

integrated circuit. A microcontroller is often confused with a microprocessor vidich
very similar; however, it is different from a microprocessor such that a microcontroller is
used for embedded applications and many peripherals while a microprocessor is used for
has only a CPU inside of it.

A basic microcontroller is usually comprisefithe following elements:

0

0

O«

O«

CPU Microcontrollers have a central processing unit which is the circuitry that
is within a computer that performs instructions delegated by a computer program.
Fixed amount of memoryMicrocontrollers are built with a spetl amount of

ROM. RAM, or flash memory.
Inputs and output pord hese include interacting with different interfaces such as

LEDOSs

LCDb6s or

ports

for

USB

capabiliti

Serial ports Typical ports on microcontrollers are serial ports like universal
asynchonous receiver/transmitter, also known as a UART.

functions, or pulse generation.

Timers Many microcontrollers have a variety of timers used as oscillators, clock
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v

0 ADC/DAC- Analog to digital converters and digital to analog convertors are used
to modify aninput signal depending on a device's functionality and application.

0 Interpret Contral This type of controller gives delays that are necessary for a
program to run optimally.

The image in Figure 10 showscaupleof the components that can be found within

microcontroller and shows the typical layout.

A/D .
Converter o

Oscillator
0 - 40MHz

Program

g Microcontroller

Figure 10: Image of Basic layout of a Microcontroller
Courtesy of https://learn.mikroe.com/ebooks

Multiple microcontrollers were researched; however, three microcontrollers were
compared to determine thoest fit for the bioelectric smartwatch. The comparisons can
be seen in the Table 8.

Table 8: Comparison of Microcontrollers

Name Arduino Pro Mini MSP430FG6626 | Raspberry Pi 3
Company Adafruit Texas Instruments Adafruit

DC Input (V) 3.312 3.65.5V 3.35V

I/Os 14 8 35

Price $9.95 $11.14 $39.95

The Raspberry Pi 3 was ultimately chosen because of the amount of input and output
ports and for easier testing purposes.
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3.6 Electronic Housing

With all of the components that will go into the bioelecsmaartwatch, a cover will be in

order to house them. Some factors that are needed to be taken into consideration for that
type of material used are that it will not irritate the skin, it is durable, it is lightweight,
will provide proper insulation. This sgon goes over the types of materials considered

for the smartwatch.

3.6.1 3D Printed Case

3D printing is a process that prints a solid object based on a digital model. It was invented
in 1983 and since then, advancements in technology have made 3MDgpeasily
available, cheaper, and faster. Using some comyaided design, also known as CAD, a
design is created. Once the design has been completed, special software is used to split
the design into thin crossections. Each cross section is printed lager at time until the

design has been properly completed. Specialized materials are used for the printed
material. For the structure of smartwatch, materials like stainless steel, nylon, or
acrylonitrile butadiene styrene (ABS). Table 9 gives a comparcef the materials to
determine which meets the criteria for the bioelectric smartwatch.

Table 9: Comparison of 3D Printed Material

Material Stainless Steel Nylon ABS

Strength Very strong Strong and flexible | Strong and
hard

Thickness 3mm 1mm 1mm

Color Limited Can be changed Can be
changed

Cost Most expensive Cheap Cheap

From the Table 9 comparison, the best material is ABS because it is strong and harder
than the nylon and seems lighter than stainless steel. Also, ABS may most likely be able
to withstand heat caused by loss.

The advantages of 3D printing allow for customization of each watch and specified
additions for the features of the bioelectric smartwatch. One main drawback to 3D
printing is time that will need to be dedicated to learn howstothe CAD software. The
Manufacturing Lab in the Harris building on campus offers 3D printing services. The cost
of these serviceis $5/cubic inch for print jobs.
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3.7 Display

The display of the bioelectric smartwatch will be one of the most impartemponents

of the device. The display is the component of the device that the user will interact with

t he most. The display wild/l al so be respo
functions as well as aesthetics. Being that the watch cannot be egcessize, the

display will play a major role in determining the overall size of the device. Since the
screen cannot be very large, the display should have a moderately high resolution so that
the results presented on the display are easily readable.

Thereare a few common types of displays that are normally utilized within this type of
technology. These displays are the liquid crystal display and organic light emitting diode.

Both displays would be suitable for the bioelectric smartwatch. There is #Higd &pe

of display that could possibly be used. T
Crystal Display. This display is a hybrid of both Electronic InKi{E) technology along

with Liquid Crystal Display technology.

However, before a decision che made on which display is best, there are a few factors
that must be taken into consideration that will determine which display would be most
suitable for the bioelectric smartwatch. All three displays are obtainable, as well as
utilized within this tyge of technology. Therefore, there will be a few significant features
or performance attributes that will set one of the displays apart from the other displays.

Table 10: Basic Display Features Comparison

Type of Display Basic Features
Organic LightEmitting Diode Low power dissipation compared to f{
Display Liquid Crystal Display, higher qualit

imaging, and low price

Liquid Crystal Display Many suppliers, medium power dissipati
and lower quality compared other displal
low price

Sharp Memorytiquid Crystal Low power dissipation, higher quali

Display imaging high price

3.7.1 Display Performance

The display of the device is whatoés goin
Therefore, the display should perform well and be appealing aatne time. Organic

Light Emitting Diode displays are composed of thin layers of organic molecules that
generate light when electricity is applied to them. Liquid Crystal displays are composed
layers of polarizing material that use liquid crystals to dpdiee pixels in the display.
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Comparing the displays, there were some interesting findings. Organic Light Emitting
Diode displays are seemingly more preferred than the Liquid Crystal display counterpart.
Organic Light Emitting Diode displays are thinner than the Liquid Crystal displag
Organic Light Emitting Diode display poses more pixels per inch (ppi) which offers
better black levels and better viewing angles for the user. Thus, producing a higher
quality output which is more efficient. The Organic Light Emitting Diode displap
consumes less power that the Liquid Crystal display. However, there are some major
disadvantages that come along with the Organic Light Emitting Diode display that its
counterpart does not experience.

Liquid Crystal displays last longer than that the Organic Light Emitting Diode.
Another disadvantage is that Organic Light Emitting Diode displays are more sensitive to
moisture. These disadvantages can be viewed as serious concerns given the unknown
conditions in which the device may be used undérerefore, those two major
disadvantages of the Organic Light Emitting Diode display could in turn be the deciding
factor in which display we decide to incorporate in the makeup of our device. A visual
comparison of the Organic Light Emitting Diode anduid Crystal displays are pictured
below.

Figure 11: Visualization Comparison of the OLED Display vs. LCD Display
Courtesy of http://4k.com/oled

The SHARP Memory Liquid Crystal Display utilizes the lpawer consumption of -E
Ink and the quick refrestates of the Liquid Crystal for its output. This display produces
higher resolution outputs than its regular Liquid Crystal Display counterpart.

3.7.2 Display Cost

Although performance is very important, cost also plays an important role in the overall
aspect of the project as well as which display we will choose to incorporate in our device.
The bioelectric smartwatch can potentially be used by many people ofediffe
demographics. Therefore, we want to utilize the most cost efficient parts to develop our
device, while making sure that those parts are efficient and appealing to the user as well.
In doing so, the bioelectric smartwatch will be desired and obta&nabl many
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individuals.

3.7.3 Display Power Requirements

The power requirements differ for both displays. For the displays that we have found so
far, the power requirements are dependent on how often the display will be lit. However,
there are some figusehat represent the on average power requirements for the displays.
The OLED display will demand current based on the number of pixels in use. Typically,
it will draw about 25mA, but the precise figure is relative to the usage. The Liquid
Crystal displaywill demand current based on the usage of the backlight. When the
backlight is at capacity it will demand 50mA. Both displays require a power supply of

3.3V-5V.

The SHARP Memory Liquid Crystal display will demand current based on the refresh
rate of he device. The refresh rate is defined as however often the buffer of the display

is updated per second. The refresh rate consists of the measurement of however often a
recurrent drawing with an identical number of frames is outputted via the display.

Table 11: Overall Display Comparison

Categories Monochrome OLED TFT LCD SHARP Memory
Cost $19.95 $19.95 $39.95
Display Size 1.300 1.800 1.300
Display 128x64 128x160 96x96
Resolution
Weight 2.18¢ 2759 255¢g
Current Draw 40mA 50mA 4 uA
Power Supply 3.3V or 5V 3.3V or 5V 3.3V or 5V
Voltage
3.8 Battery

Battery life could potentially be a vital concern when it comes to the bioelectric
smartwatch. The users of the bioelectric smartwatch should be able to use the device for

at least an entire day without worrying about the device. Due to its lightweiglstvaadtl
that wedre trying

Our goal is for the battery to supply all devices that compose the device, to the best of its

t o

achi

eve with

t his
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ability for a reasonable amount of time. Therefore, the battest briable to power all
components of the watch as well as be reliable.

The major factor that could be an issue with the battery for our device is how long it will
be able supply power for the device before the battery needs to be recharged. Essentially,
that all depends on how the respective user of the device and how they go about using the
device. Therefore, we must conduct the appropriate amount of research to determine
which components will work best together and allow for a decent amount of battery
lifetime so that the users of the device will be satisfied. To conserve and efficiently use
battery power as well as extend the run time of the device, there are a few approaches that
we could undertake to achieve those characteristics within our devieee @re a few

types of batteries that can be utilized within the design of our device. However, the
foremost utilized types of batters within most smart watch devices are Lithium Polymer
(Li-Po) and Lithiumion polymer (Lilon) batteries. Table 12 provisi@ comprehensible
comparison of both types of batteries.

Table 12: Battery Advantages and Disadvantages

Battery Advantages Disadvantages
Lithium Polymer Slender profile Lower power capacity
(Li-Po)

Light weight Production is expensive

Protectioncircuit

Lithium-ion Higher power capacity Protection circuit required
polymer (Lilon)
Low maintenance Deteriorates over time
Slower discharge Thicker profile

Cheaper to produce

3.8.1 Power Capacity

Polymer batteries prove to be the best choice for these types of devices due to their higher
power capacity. Power capacity is defined as the amount of energy that is stored within
the battery. The power capacity is normally conveyed in YWaits (Wh). A Watt-hour

is the amount of voltage supplied by the battery, multiplied by the amount of current the
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battery can provide per hour. In order to obtain the \Waiirs, the Amps per hour is
multiplied by the nominal voltage. For example, if there is a 5Vinahbattery that has

one Amphour capacity, that means the battery has 5 Yaits of capacity. One Amp

hour indicates that one Ampere of current can be drawn per hour, 0.1 Amps over a time
period of ten hours, and 0.01 Amps over a time period of 106 hblowever, before a
decision can be made on which battery is most suitable, the two should be compared to
determine which battery would be best for our device.

Voltage (V) X Current (A) X Hours (T) = Watt — hour (Wh)

Figure 12: Power Capacity Watthour Formula

= B\

500mah
3.7V

= J

Figure 13: Battery ConnectionSchematic Example
Courtesy of https://learn.adafruit.com/all-about-batteries/

Although, no matter which battery we decide upon to be utilized in the bioelectric

smartwatch, the battery capacity will naturally decrease over time. This is known as
battery glf-discharge. This occurs overtime due to the aging of the battery as well as the
amount of chargeischarge cycles the battery endures over time. The figure below

provides a representation battery capacity throughout multiple cteg®arge cycles.

Upon our we research, we decided that the best battery for our device would be the Li
lon battery. We believe that the advantages of this battery will work well within our
device. There are a few options oflbn batteries available. In choosing whichlbn
battery will most suitable for our device, one of major deciding factor could possibly end
up being the capacity of the battery. A milliampere hour (mAh) describes the capacity of
energy charge that a device can operate on before having to rechabgttehe A few
options for Lilon batteries that would be usable in our device and that will meet our
specifications are compared in Table 13.
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Table 13: Battery Logistics Comparison

Categories | Lithium-ion polymer (Li-Ion) Batteries
Capacity 350mAh 500mAh 1200mAh 2500mAh
Price $6.95 $7.95 $9.95 $14.95
Weight 79¢g 105g 23.0g 105¢g
Size 14" x 0.8 x 0.22” 1.15”x 14" x0.19” 1.3"x24”x0.2” 1.15"x 147 x0.2”
Output 42V -3.7V (1.3 Wh) | 42V -3.7V (1.9 Wh) | 4.2V 3.7V (4.5 Wh) | 4.2V — 3.7V (10 Wh)
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Figure 14: Battery Capacity Reduction Graph

Courtesy of https://learn.adafruit.com/all-about-batteries

3.9 Power Management

The microcontroller unit (MCU) and display will more than likely consume the most
power in the device. The MCU needs to compute lots of data meanwhile keeping power
consumption to a minimum. The display must output data for the user. To conserve
power, thedisplay can have minimal outputs and send more data to theébasell
application. There are a few available options to be researched when it comes to
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extending battery life and effective power management for our device.

3.9.1 Energy Harvesting

The first method researched when it comes to extending battery life is the energy
harvesting method. The energy harvesting method utilizes energy that is collected from
the body, due to body heat or movement. Energy harvesting can also utilize energy from
the surrainding environment, for example, ambient light. Ambient light is lighting that
incorporates the immediate surroundings or environment. The energy collected from the
ambient lighting does not provide enough energy to power a device like ours. Usually,
this type of energy harvesting option provides a range of microwatts to milliwatts.
However, there are devices that can convert as much as much -a40®0Millivolts and
amplify the energy collected via this method of energy harvesting to anywhere fré&m 3
volts, which would be able to power a device such as ours.

3.9.2 Conventional Battery Charging

The next method researched when it comes to extending battery life is the conventional
battery charging method. The device can be charged via a battery dnavggch an
electrical current will be forced into the device supplying energy to the rechargeable
battery located inside of the device. The size of the battery will be the determinant of the
amount of current over a certain amount of time, the amowntltzfge, and protocol for

when the battery is completely charged. When a battery is overcharged, it is still
connected to the power source even though the battery is already completely charged.
When overcharging occurs, the battery may overheat or, attawen explode, which
would be detrimental to any device. Some batteries have the propensity to be
overcharged, while some can tolerate overcharging. In this method of effective power
management, the charging source will be disconnected manually whamatigeng cycle

is completed. There are also some charging devices in which there may be a cut off
timer. The charging device can contain voltage and temperature sensors along with a
microcontroller that will adjust the voltage and charging current. Tisging device

can also establish the state of charge (fuel gauge) of the battery and turn itself off at the
completion of the charging cycle.

3.9.3 Wireless Charging

The last method of effective power management researched that our device could
potentially use is wireless charging, also known as wireless power transfer. This method
utilizes a transmitter and receiver to transfer power via electromagnetic fields to charge
or recharge a battery. This is accomplished without physically connecting the charging
source to the device via any cord. The principle of Inductive Power Transmission is used
for wireless power transfer to be accomplished. The theoretical aspect of Inductive Power
Transmission is portrayed in the image in Figure 15 and description below.
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The basic principle of an inductively coupled power transfer system is shown above. It
consists of a transmitter coil L1 and a receiver coil L2. Both coils form a system of
magnetically coupled inductors. An alternating current in the transmitteigesierates a
magnetic field which induces a voltage in the receiver coil. This voltage can be used to
power a mobile device or charge a battery.

Figure 15: Inductive Power Transmission Theoretical Display
Courtesy of https://www.wirelesspowerconsortium.com

When it comes to how wireless charging works, first, within the transmitter circuit the
voltage from the DC source is transformed to a high frequency alternating current. Next,
the alternating current is passed on to the transmitter coil, thus genesating
electromagnetic field. This electromagnetic field produces a current within the receiver
coll in the receiver circuit of the device. The current in the receiver coil is transformed to
direct current and that current is used to charge the battery aahtaithin the device.

The figure below portrays the process by which the battery of the device can be charged
during the wireless power transfer process.

3.10 Battery Fuel Gauge

Battery fuel gauge which is also known as battery charge indication, whilsh exact

same as portraying the amount of charge remains in the battery, will be very useful to the
users of the bioelectric smartwatch. Without proper battery charge indication, the users of
the bioelectric smartwatch will not be able to determine howhnanger they will be

able to utilize the device without having to charge the battery of the device. With not
being able to determine how much battery power remains in the device, this will hinder
the situations in which the bioelectric smartwatch maytiiezed. For example, if a user

of the bioelectric smartwatch is going camping and they need to use the device, if they
have no way to determine how much power remains in the battery and they become stuck
in a situation in which they need to alert someonsignal for assistance and the device
dies while they need it, then the bioelectric smartwatch would basically be no use to
them. The user of the bioelectric smartwatch will need to know how much power remains
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in the battery so that they may utilize dhevice and its functions when need be.

Rectifier and Filter Receiver

Battery

R Charger

2]
J

Wireless Energy Transfer

i

Transmitter Coil (multiple coils optional)

Half-Bridge Transmitter

Figure 16: Visualization of Wireless Charging Process
Courtesy of https://www.idt.com/products/powermanagement/wirelesgpower

There are a few ways in which the battery level can be indicated within our dElvece.
battery level can be indicated either via dot or bar form, as well as via Light Emitting
Diodes. Within the bioelectric smartwatch we can go about indication the battery level in
either one of these ways. The battery indication can either be ig@glang with other
functions of the device, or we can use Light Emitting Diodes to display the percentage of
battery power that remains for the bioelectric smartwatch to carry out its functions with.

When it comes to the integrated battery fuel gaugsygtems normally consist of a
couple analogo-digital converters in which one measures current of the battery, while
the other measures the voltage of the battery or battery temperature. The data that is
measured by the anaktg-digital converters is énsmitted to the microprocessor. The
calculations for the fuel gauging is essentially housed within the microprocessor, which
contains the necessary data to determine an accurate reading of the battery. The figure
below portrays the process of integrabedtery fuel gauging.
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Figure 17: High-Level Visualization of Battery Fuel Gauge Process
Courtesy of https://www.ecnmag.com/article/2012/11/fundamentalsattery-fuel-

gauging

When it comes to utilizing Light Emitting Diodes to display the percentage of battery
power, this method could either be more complicated due to the amount of hardware, or
simpler when compared to the integrated battery fuel gauging, due to sofisysact that

is utilized in implementing that method. Based on the cudider rule, this method

will utilize a voltage divider network and Light Emitting Diodes of different colors to
enable the user of the device to determine exactly what ranggttefy percentage the
device has remaining. Using different colored Light Emitting Diodes enables the user of
the device to distinguish exactly how much battery charge percentage remains based on
the color coordination of the battery percentage range aedtain color.

Table 14: Battery Charge Color Indication Levels

Light Emitting Diode Color Battery Charge Level

Red Power to be Connected (0%)
Orange Power to soon be connected (25%)
Yellow Power is at halfway mark (50%)
Green Power is more thahalfway (75%)
Blue Power is a full charge (100%)

An example of a circuit that utilizes Light Emitting Diodes to display the percentage of
battery power is displayed in the figure below.
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Figure 18: Light Emitting Diode Fuel Gauge Circuit Example
Courtesy of http://rcwirring.blogspot.com/2014_02_01_archive.html

To determine which version of fuel gauging we will utilize for the bioelectric
smartwatch, we will design using both versions, then make a decision via trial and error
as well as whicheverersion cooperates best with the infrastructure of the overall device.

3.11 Push Buttons

Believe it or not, but push buttons can play a major role on the overallupa&ethe
bioelectric smartwatch. The amount or the size of push buttons can affect as many things
such as: how large the size of the watch will be, how many settings or fisicao be
assigned to each push button, as well as how appealing the watch might be.

A push button is essentially a switching type instrument that controls some type of
feature or characteristic of a process or mechanism. Push button are usually carhposed
some type of firm material such as metal or plastic. Push buttons typically possess a flat
shape and are suited to adapt to the human hand or finger so that the button can be easily
operated. Push buttons are usually biased switches. A biased swatdwitch that is
normally in its set position, and returns to that position once engaged. Biased switches
include an instrument that returns the button to its original position once the button is
pushed then released by the operator. Usually, pustongutare normally open
mechanisms. When the push button is pressed, contact is made. When the push button is
released, contact is broken.
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Figure 19: Push Button Operation lllustration
Courtesy of http://nilza.net/mainpage/detail/pushbutton-switch-schenatic

For the bioelectricsmartwatch,we decided on a fodvutton configuration. The

operations in which the four push buttons will be used for are one button for selection,

one button to cancel, and two buttons for movement up or down on the displegy afde

a couple types of push buttons that we can use for the bioelectric smartwatch. The first
option is an illuminated push button. These types of push buttons include a light within

the button which saves electricity and space within the hardware ioedewWext is the

longl i fe push button which typically | ast fo
the lowprofile push button which are not as large as typical push buttons and allow
designers to save space within their applications.

Table 15: Push Button Quick Facts

llluminated Long Life Low Profile
Contact Rating | 0.1A 50mA 20mA
Expectancy 50,000 Cycles 100,000 Cycles 100,000 Cycles

3.12 Pulse Sensor

Pulse sensors can be useful in a watch, because heart rate can be connected to many
different things. Today, fithess watches are able to measure pulse in 2 different ways. The
first, and most conventional method of taking heart rate is by using an etedtogram

(EKG). The second method is Pulse Oximetry.

3.12.1 Electrocardiogram
The first method discussed tB&G. The EKG is either attached around the chest with a
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sensor near the heart, or a clamp goes on the fingertip. An EKG is made up of an
electrode that attaches to the body to measure the current flow, an amplification and
filtering stage, and a data processing stage. The electrode sends the voltage signal from
the body to the amplification stage. From the amplification stage, the signal then passes
through multiple filters to filter out certain bodily and power system frequencies that are
unnecessary noise. The output waveform will be a voltage representation pulse;

thus you will see the peaks and troughs of the heartbeat.

3.12.2 Pulse Oximetry

Low concentration High concentration

= = = =

¢ 2222 )

Low absorption High absorption

Figure 20: Pulse Oximetry Illustration
Courtesy of http://electronicdesign.com

The second method of reading pulse is by ugingto plethysmograph{PPG). PPG is

the technique used by more advanced watches today likéttie and the iWatch. The

act of using PPG to analyze the amount of oxygen in the blood is called Pulse Oximetry.
Pulse Oximetry uses the light reflecting and absorbing propesfigseemoglobin to
analyze heart rate, amount of oxygen in the blood, and blood flow rate. The Lambert
Beer law defines how much light is absorbed by the hemoglobin in the blood with light of
different wavelengths and distance traveled. LEDs are used rtanbite the blood, and

light sensitive diodes absorb the light to measure how much light is reflected, or absorbed
through the blood. Typical frequencies of light used are red (650nm), and infrared
(940nm). Sensors on the finger measure the amount ofligarbed by the hemoglobin,
because the LED shines on one side of the finger, and the light collecting diode is on the
other side. 2 different wavelength LEDs are used in conjunction to observe the difference
in reflection of each. In a watch applicatiothe amount of light reflected by the
hemoglobin is used, because it would be difficult to measure the absorption of blood
through a thick body part like a wrist, and the watch band would need to have a
component in the clasp. If the collector was in tlesg) then it would be difficult to have

a one size fits all type of design, and have the collector line up with the emitter.

Product list of a working heart rate monitor utilizing PPG:

0 PPG sensors (LED emitter, diode collector)
0 Analog frontend (amplification, filtering)
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0 Low-powered microcontroller
0 Wireless module for exchanging data
O Motion sensor (accelerometer) monitoring
0 RAM for data logging
0 Lithium battery
0 Battery charger
0 Battery fué gauge

Collector Diode  |»| Amplification —»| Noise Filtration »| Analog to Digital

Figure 21: High-Level PPG Sensor Diagram
Digital to Analog |5/ LED Driver 3| LED Lights

Figure 22: High-level LED Controller Diagram

The driving LED circuit is an Hbridge driver. The circuit controls the on and off times of

the IR and red LEDs by using pugedth modulation (PWM). Thenalog signal is
amplified by BJTs to drive the LEDs. Typical designs use 25% duty cycle for each LED.
The quality of the photodiode can change the life of the battery, because you can scale
the PWM down if the photodiode is of good quality.

@&5@) ‘ é)T

> Wisibsle red

Figure 23 H Bridge Driver Design for LEDs
Courtesy of http://electronicdesign.com
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Figure 24: AFE4400 Design
Courtesy of http://www.ti.com/product/AFE4490

Companies put together the analog front end (AREplification, and filtering of input)

and the LED driver circuitry in one package. This can make it convenient for this project,
instead of having to design separate circuits, we could purchase thistpf@duproducts

like this can be observed to create a similar product to fit the needs of this project. An
exampl e of such pr odAFEA400 integrafece Analag FrombBnd r u me r
for Heart Rate Monitors and Low Cost Pulse Oximeters

The AFE440 is a fullyintegrated AFE that is tailored towards pulse oximetry. The
device contains a low noise receiver (to filter possible noise from measurements, outside
60Hz interference, and bodily interference), and analog to digital converter, LED control
circuit, and LED fault detection.

The timing of the AFE is configurable, meaning that the PWM is able to be controlled to
change sampling frequency. An external crystal oscillator provides the clock function of
the AFE, thus reducing jittér deviation fromkeeping true time. This AFE device is
designed to communicate to an external microcontroller via Serial Peripheral Interface
bus (SPI). The AFE4490 model offers the same solutions in one single package, but
contains a few upgraded features. The featungpeawison is shown below.

32



Table 16: Comparing AFE4400 and AFE4490 Pulse Oximetry Analog Front Ends

AFE4400 AFE4490
Fully Integrated AFE Yes Yes
Dynamic Range (allows 95dB 110dB
low noise at low LED
currents)
LED current S50mA S50mA,
75mA,100mA,150mA,200mA
Power Consumption 100 A+ L 100 A+LED <c
current
LED timer Yes Seems like more features?
programmability
Filter Flexibility Less More
Temperature Range 0C-70C -40G-80C
Cost $6.32 ea. $17.27 ea.

As one can see, the AFE4480a more robust AFE design than the AFE4400, but costs
almost 3 times as much. The AFE4400 may be enough for this project, but further
research must be conducted. It may be beneficial to order both products to test each, and
see which is the better fibf the smartwatch project. The AFE4490 does have many more
features that reduce noise, make it more useful in a variety of colder climates, and to
drive more powerful LEDs. Whether this is necessary is what must be considered.

3.13 Accelerometer

An acelerometer is a device that measures dynamic and static acceleration. Dynamic
accelerations are essentially vibrations, and quick movements, and static accelerations are
steady accelerations like gravity. Accelerometers can measure as little only 1r ass, o
many as all 3axes 3 axis accelerometers are more common now, and are reasonably
cheap.

3.13.1 Capacitive Accelerometers

Capacitive accelerometers warkk changing capacitance. The 2 main types of capacitive
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accelerometers are single capacitoccederometers, and differential capacitor
accelerometers. Single capacitor accelerometers measure the change in resistance that
occurs when two capacitive plates move closer or farther away from each other.
Differential capacitor accelerometers measure dhange in capacitance on multiple
plates while the plates shift due to movement. Differential capacitor accelerometers give

a more linear output signal, because it measures the difference between different
capacitor values. Some advantages of capacitieelerometers are: DC measurements,
good stability in different temperatures, long life, and good repeatability. Some
disadvantages are: complex design, and sensitivity to electromagnetic fields.

A basic voltage divider can describe the output voltage of the accelerometer circuit. Thus,

when movement causes the change in capacitance, the output voltage will also change.
The voltage divider equation for the above circuit is given

%il =

1

Figure 25: Single Capacitive Accelerometer Diagram
Courtesy of https://ocw.mit.edu
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Figure 26: Differential Capacitive Accelerometer Diagram
Courtesy of https://ocw.mit.edu

3.13.2 Piezoelectric Accelerometers

A piezoelectric material is a material that creates an electric signal when a force is
exerted upon it. This is very useful for an accelerometer, because it makes it possible to

34


https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-777j-design-and-fabrication-of-microelectromechanical-devices-spring-2007/lecture-notes/07lecture24.pdf

change motion forces directly into a measurable electric signal. Typicalyirey with a

mass on the end is attached the piezoelectric material. The movement causes the mass to
move slightly, which then compresses and contracts the piezoelectric material.
Piezoelectric accelerometers can be separated into 2 separate catsomiescrystal,

and ceramic materials. Single crystal accelerometers consist of 1 crystal, typically quartz,
are the most common and have a very long service life. The drawback of single crystal
accelerometers is that they are not very sensitive. The ddgpra of accelerometers,
ceramic material accelerometers, are more sensitive and less expensive to produce. They
some piezoelectric materials in the ceramic accelerometers are barium titanate, lead
zirconateleadtitanate, lead metaniobate. The main dragk of ceramic material
accelerometers is that their sensitivity degrades over time. Thus, single crystal
accelerometers should be used for projects that are designed to require less maintenance,
and a higher service life.
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Figure 27: Diagram of Piezoelectric Technology
Courtesy of https://en.wikipedia.org

3.13.3 Accelerometer Comparison

All 3 accelerometers in Table7 areMEMS capacitive accelerometers. Capacitive are

the most common accelerometers. Table 17 highlights the main parameters that need to
be observed when considering an accelerometer. The size of each accelerometer is very
small, but the smallest of the 3 ietLIS3DH.

The accelerometer needs to be as small as possible to fit in a watch application. The input
voltage of each accelerometer is approximately the same, and is a standard voltage range
that works with most microcontrollers. Accelerometers are them$o overvoltagethus,

the input voltage needs to be considered a priority. The current consumption of the
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LIS3DH is also very low in comparison to the other 2 accelerometer choices, which is
favorable because the watch battery will not be very |a8rge.accelerometer will also be
runningoften, so low power consumption is a key factor.

Table 17: Comparison of 3 Different Accelerometers

ADXL345 ADXL335 LIS3DH
Size 3x5x1mm 4x4x1.45mm 3x3x1mm
Input Voltage 2-3.6V 1.83.6V 1.7-3.6V
Max Current 145pA 350pA 100pA
Consumption
Min Current 40pA 320pA 21A
Consumption
Measurement Range| +/- 2g- +/- 16g | +/- 39 +/- 2g9- +/- 169
Sensitivity 232 - 286( 270330 mv/g 1mg/digit -
LSB/g 12mg/digit
Data Rates 6.253200 Hz | 0.5550 Hz 1Hz5 kHz
Temperaturé&ensor | No No Yes
Price $18 $15 $5

Both the LIS3DH and ADXL345 accelerometers have more programmable measurement
ranges, however this will not be quite as crucial as the other factors. The LIS3DH also
has a very sensitive sensor. This is of interest, because the forces exerted by tlee user a

very insignificant when compared to 169g606s

sensor, and is the cheapest option. The LIS3DH is the ideal accelerometer for this project,
but the ADXL345 will also be purchased, because it may work better in practice.

3.14 Vibrating Motor

The smartwatch will need to provide silent notifications to the user, thus a vibrating
motor will need to be used. A small vibrating motor will be installed in the watch to alert
the user of something happening. When choosing a natdhis project, a few specs

need to be considered. The first, and perhaps the most important spec for this project is
the size. Motors are generally lardevices;thus, compact configurations are needed.
Disk motors work well, because they are flatd @an fit in tight spaces. The next spec to
consider is the voltage and current draw of the motor. This smartwatch is limited by
lower voltages and current capabilities, so the motor cannot require a large supply voltage
and current. The motor also canbetoverwhelmingly loud and powerful.
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3.14.1 Motor Control Circuit

Most microcontrollers cannot output enough current to supply a motor safely. A
transistor may be used to control throttle the motor with minimal output required from the
mi crocontroll erdés output pin. The otwtputansi st
of the Arduino connected to the base of the Bipolar Junction Transistor (BJT). As the
current from the microcontroller is increased, the flow of current from the emitter to
collector of the BJT increases. The microcontroller will be able to charegP\WM of

the output to adjust the current flow to the base of the BJT. The collector of the BJT will
be hooked up to the voltage supply. A diode will be placed in the opposite direction of
the flow of current to prevent from an inductive current spikesediby the motor. A
common BJT to use for this circuit is a PN2222, and a common diode used for this is an
IN4001.

Figure 28: Motor Control Circuit
Courtesy of https://learn.adafruit.com

The motor chosen for this smartwatch will be the vibrating motor mini disk that is sold
from Adafruit.com. The motor can work with voltages from-2V, and currents from
40mA-100mA. The 40mA current draw is ideal for the smartwatch application, thus the
low voltage 2V threshold will be where the watch will be set to. The user will not need a
large vibration to be alerted, but the option is available if a more powerful jolt is
necessary.

3.15 Printed Circuit Board

All the components that will be incorpordtan the bioelectric smartwatch will be placed

on a printed circuit board (PCB), a necessary component in the fabrication and testing of
electronic circuits. A PCB is a thin sheet that has conductive etched or printed tracks on,
usually made of copper, ats surface which is also known as the substrate. to connect
electrical components to each other. Holes are placed throughout the circuit so that
components that are fAthrough holed can be
side, doublesided, or havenultiple layers, depending on its functionality. Doubided

PCBs are used when one side becomes too cluttered loythigerof components that

are placed, which can cause sparks. This can pose potential health risks especially in
wearable applicationskié the bioelectric smartwatch. Multiplayered PCBs have the
different layers compressed into one sheet, allowing for a greater number of components
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