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Abstract

This document includes the information required to develop a potiedtevaveactivity alarm.

The sponsor for this projecti&od Burt withTexas Instruments. This project is important

becausallows for themonitoring of brainwave signals in unconventional environmeédne

possible application is tprevent a driver from falling asleep while behind the whEeé device

has the ability to monitor the wuser bae brai nwa
frequency patternsThe device is implemented with the uselekas Instruments integrated

circuits and micro controllers to create a circuit that amplifies, filters, and proteagsesave

signals The final design employs OPA333 Operational Amgiers, 1 INA333 Instrumentation

Amplifier, and 1 MSP430 Micrcontroller.



Table of Contents

1o o 18 Tox 1o 1P 1.
SYSIEM REQUINEIMENTS......ciiieeii ettt et e e e e e e e et ae e e e e e e eennaanas 3
Top Level Functional REQUINEMENIS.........uuiiiiiiiii e 3
(©0] 01511 =11 1K PP 3.
(D=2 To |l @o] g (o1 =T o] £ TP PUP PP PP PUPPPPPTRT 5.
(00 ] g IS [0 (=T =To I B 1=2S] o | - T TP PPPTR PP 5
10T Ul BT o | o DR PP PPPTRTR 5.
Subsystem Verification and Validation.................oiii i 18
Mechanical TesPlan and RESUIS........ccouuiiiiiiii e 18
Electrical Test Plan and RESULLS...........coouuiiiiiiieeee e e 18
Software Test Plan and RESURS...........ooiiiiiiiiie e 22
System Testing and RESULLS..........oooi i 25
=100 [0 [ PP PPTTR 27
(@0 1] 11 13 o ] o TR 29
[T oT0] 0] 0 01=T 0o F= 1 0] o PP 30
LT = (o= PP 30
=0 T = P 30
Y0 0= L= 30
TESING METNOUS .......uiei ettt e e e 31
o N 10 1V 1T [ =0 =T o PP 32
RETEIEINCES ... ettt e e e e et a et 32
Appendix AT HeadpieCe MOUEIS.........coouuiiiiiie e e e e e e eees 33
Appendix BT CircUit SChemMALiC.............oiiiiiii e 34
APPENAIX C- PCB LAYOULS. ... .iiiiiiceii e e e ee e e e e e e e et e e e et e e e et e e e ean e e eernnanas 35
Appendix D- Circuit BoOard POGreSSION........cc.uuuiiiiiie e iiieeee e e et e e eeeaee e e e eaa e aenes 36
APPENAIX E- TESE RESUILS. .. .cceei e e e e e e e e e eaaeeeeens 37
Appendix FI DeVICE SOMWAIE..........iiiiiiie e e e e e e e e eaaas 38
APPENdiX GI GaNtt CharL.........cciiiiii e e e e e e e e e e eaaeeeeens 44
Appendix Hi TI Product Implenentation...............c.ccoviiiiiieecii e eeeeeineeennn . 45

List of Figures

Figure 1- Characteristic Brain Waves (Crubaugh).............ccooiiiiiiee e 1
FIgure 2. ELL120 ElECIIOUES........uu et e e e e e e e e e e e e et aeaaeees 5
FIQUIE 3. DESIGN IMALIIX ... ceeeiieeiiie e et e e e e et e e e e e e e e et e e e e e e e s e e e ennn s 7
1o TR = g o1 =Y o =TSP 8
Figure 5- Block Diagram for CirCUit DESIGN...........covuuiiiiiiie e ee e e 9
Figure 6- Contact Related Potential Matched. Gain resistor 3.5k Ohms. Rail to rail outdl@.
Figure 7- Contact Related Potential 50mV. Gain resistor 3k Ohms. Clipped output........ 10
Figure 8- Contact Related Potential 50mV. Gain resistor 7.14k Ohms. Adequate outputll
Figure 9- INA333 Instrumentation Amplifier, First Stage...........cocoiviiiiiiiii i 12
Figure 10- Final AmMplification Stage..........ccuiiiiiiiiii e e 14
Figure 11- Voltage Buffer Supplying 1.5 VOIt BiaS........ccccoviiiiiiiiiiieee e 14
Figure 12- Graphical User INtErfaCe...........covuuiiiiiii e 16


file:///C:\Documents%20and%20Settings\Joe\Desktop\3517%20-%20Technical%20Report.docx%23_Toc228888544

Figure 13- Block diagram of Signal ProCeSSING..........cceiiiiiuiiiieeeeeeeieiiie e eeeeeeees 17

Figure 14- Transfer Function from MATLAB TeSt......couuiiiiiiiiiiii e 19
Figure 15- Circuit Tested in MATLAB. ... e 20
Figure 16- Bode PIOtS Of FIQUIE L4 .......ouuiiiiiiiiii e 20
Figure 17 Oscilloscope reading with electrodes held in the left and right hands............. 21
Figure 18. Arrhythmic brainWave actiVity.............uuiiiiiiiiiiii e 22
Figure 19. MATLAB simulatio of an active brainwave and its FET..................ccccveee. 23
Figure 20. MATLAB simulation of a drowsy brainwave signal and its EET..................... 24
Figure 21. Current USE VS. TiMIB.....ooeiiii ettt e e e e e 25
Figure 22. A normal, awake adull................oooiiiiiiieii e 26
Figure 23. Drowsinesand Sleep in a normal adult...............ccooooiiiiiiiiiiii e 26
FIQUIE 29- PrOtOYPE L. ..ttt ettt e e e e e e e annnn e 33
Figure 30- Prototype 1 Side VIBWK.......uuuuiieiiiiiiie ettt e e e s 33
FIQUIE 31- PrOtOTYDE 2. .. ettt ettt e e e e e e annnna e 33
Figure 32- Prototype 2 SIdE VIBWK.......uuuiieiiiiiiie ettt ee e e 33
FIGUIE 34- ProtOtYPE 3. . ittt e et e et e e e e ananaa e 33
Figure 331 FINal ProtOtYPe. ...... e 33
FIgure 24- FirSt BOAI..........uuii oot 35
Figure 25 FINAI BOAId........ccouuiiiiiiiiiee et e e e e e eaaae 35
Figure 26- INA STage AlONE.........uuii et e e aeanes 36
Figure 27- Full Circuit USINg SUHBOAIUS. .......ccovuiieiiiiieeieiee e e e eeaa e e eaanas 36
FIQUrE 28- FINAI CIFCUIL........ceuueeeiiseee e e et e e e e e e e e e e e e e e e e e e et e e e e enneeeeannns 36
Figure 29- Manuel's Heartbat on Battery Powered Oscilloscope..........ccccevevviviiieeennnnnnne. 37
Figure 30- Henry's Heartbeat on Battery Powered OsCilloSCOpe.........cooevvvvievieenieeeennnn. 37
Figure 31- Manuel's Heartbeat on Digital OSCilloSCQpE........cccvuiieriiiiiieeiie e, 37
Figure 32- Jason's Brain Activity on Digital Oscilloscope, Eyes Open, Eyes Closed......37
Figure 33- FFT of ROd'S Brain ACHIVILY..........oiiiiiiiicii e e e 37

List of Tables

Table 1. Top level Functional ReqUIrEMENLS........ccovviiiiiiii e 3
TabIE 2. CONSIIAINTS. . ...ttt e e e e et e e e e aeeeeaaa e e 3
Table 3. Constraints and Their EffECLS.........uuiiiiiiiiiiiiie e 4.
Table 4- SKIN IMPEAANCE. ........coeiii e e eeeeaaaas 18
TaDIE 5- BUAQEL....... e e e e e e e e nan e e e e aaaas 27
Table 6- Estimated Production Model Budget.............ccoooiviiiiiiiiii e 28

List of Equations

Equation 1- First Stage Galill..........uuiiiiiiieiiiiieeee e e e e e e e e e e e e e e e e eaa e e e eanna 11
Equation 2- Overall Transfer FUNCLION.............uiiiiiiii e 12
Equation 3 First Stage Transfer FUNCLION............cooiiiiiiiiee e 13
Equation 4 CUtOff FTEQUENCY........ oo e 13
Equation 5 Capacitor 1 ValUL............iiiiiii et e e e e e e e e eean 13
Equation 6 Capacitor 2 VaAIUL............ooiiiiii e e e e e eran 13
Equation 7- Second Stage Transfer FUNCHQN..............coooiiiiiii e 13
Equation 8 Capacitor 3 ValUL...........uiiiiiiiiii e e et eaan 13


file:///C:\Documents%20and%20Settings\Joe\Desktop\3517%20-%20Technical%20Report.docx%23_Toc228888572
file:///C:\Documents%20and%20Settings\Joe\Desktop\TechnicalReportTeam3517.docx%23_Toc228851648

Equation 9 Capacitor 4 VAIUL..........coouuuiii et 13
Equation 10 FiNal Stage Gai.........ccouuiuuiiieiiiiiieii ettt e e e 14
Equation 11- Voltage Buffer Output EXPreSSIOn.......cccuveiiiieiiiiiiii e 14

Vi



Introduction

The purpose of this project wasdmeat a portable and affordablrainwavemonitorthat ould
send datavirelesdy to a nearbyeceiver. Theroject sponsor, Mr. Rod Burt, recommended the
use of Texasnstrumentsomponents in the devicklr. Burt envisioned various applications for
the device, includinghe use in automobiles to deteat thnset of sleep while driving.
Drowsiness behind the wheel leads to over 56,000 automobile accidents and 40r@30an
fatalities each and every yedNHTSA).

The devicas designed toneasure thpotentialchange®f the electric field generated by

neurons in the brain. This procedure is known as electroencephalography (EEG) ménénalo
clinical setting. An electroencephalogram resembles a continuously varying sine wave. These
waves are classified by their dominant frequency and represent different states of alertness.
These states, shown belokidgurel), vary in frequency from 1 to 30 HZ he focus of this

device will be to detect waves of a frequency raingéis range

Beta 15-30 Hz

Awake, normal alert
consciousness

Alpha 9-14 Hz
Relaxed, calm, meditation,
creative visualisation

"

Theta 4-8 Hz

Deep relaxation and
meditation, problem
solving

| Delta 1-3 Hz
A

e
'

"I A

N\ A a
|\ ‘\ ‘ ‘\ Deep, dreamless
! \ \ sleep

W W

2l

Figurel - Characteristic Brain Wavd€rubaugh)

The electromagnetic wavegenerated by the brain are very small in magnitude at the sthip
requires thaa brainwave with a peato-peak amplitude 080 pV be amplified on therder of

10° dB before a useful signal can be seen. The signal must also be filtered of any unwanted
frequencies.EEGs commonly use high, low and notch filters to remove noise generated from
muscle movement and other physiological factors, as well aotheon electricity lines in the
United States that supply power at 60 (H{nott, Tyner and Mayer)

Clinical EEGs must be administered and interpreted by a trained EEG technician or neurologist.
During the procedure, the teplaces several electrodes on the patients head in an established
pattern known as the 12D system.These electrodes are the hurtasmachine interface, and
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are often made of silver/silver chloride and covered in an adhesive electrolytithgel.

electrodes are connected to the EEG machine that can detect potential differences between two
electrodes. Each pair of electrodes produces one channel that is recorded, and most EEGs record
8-10 channels During the recording procedure, the patiendasked to do things that will elicit a
predictable reaction, such as opening and closing his or her eyes. Once this calibration is
complete, the patient is then subjected to various tests, depending on the reason for the EEG.

The frequencies of the rewing are measured by counting the numbegreaks or troughs in a

known time period (typically 1 s). This, along with the shapeaanglitude of the waveforms,

aids in the diagnosis of neurological disord@fsott, Tyner andviayer).

Detecting sleep, in theory, can be accomplished in echioical setting using a minimal number
of channels.The presence of 14 Hz voltage spikes, known as sleep spindles, is one of the
defining neurological characteristics of sleep. Sleapdégsoccur between the stages of
drowsiness and deep sledprainwaves also shift from Beta frequency dominance down to
Alpha dominance as the person becomes droRgjecting these signs at their first appearance
may be enough to wake someone behiredvwheel of a vehicle in time to save their (inott,
Tyner and Mayer)

The mathematical algorithm of changing a signal from a time domain to a frequency domain is
known as a Fourier Transform. Different types of FauFiansforms are known as either
Discrete Fourier Transforms (DFTs) or Fast Fourier Transforms (FFTs), depending on the
methods used to do the calculations. While DFTs and FFTs are not used to process clinical
EEGs, it is possible to implement one of #hedgorithms to aid in the automated detection of
sleep.

The main focus of the project was to be able to detect brainwaves, with the actual detection of
sleep possibly being out of the projects scope. The project, according to the sponsor, should be
ale to detect brainwaves in an ultra portable, low power package. This may then serve as a
future platform for further researemd development.



System Requirements

An initial meeting with theoroject sponsor allowed the team to develop several Voiteeof

Customers (VOCs). fie following Top Level Functional Requirement§LFRs)werediscerned,

and all the other VO€were grouped with the constrainfthese TLFRs and constraints clearly

show the sponsordés intent WwpmwerdeVice.e device to b

Top Level Functional Requirements

Tablel. Top level Functional Requirements

Functional Requirement Target Value Customer Importance (0-5)
1. Detect brainwave signals E\(jtectPotentlals greater than 1 5
2. Process tainwave signal Calculate Frequencies betweel 5
and 30 Hz
3. Transmit data wirelessly | CommunicatiorRange of 14 m 5
4. Determine useful
information from the input Detect sleep (Boolean) 3
signal

Constraints

Table2, below,showsthe constraintsliscerned from th#’ OCs. Table3 shows the constraints
of the desigrand the effects they have on the respective components of the device.

Table2. Constraints

Constraint Parameter Importance to Customer

Portable Lightweight, wireless 5

Durable Able to withstand extended 4
use without breaking

Low Power Battery life greater than 1000 5
hours

Reusable No gel electrodes 5

Comfortable Does not interfere with norme 3
user activity

Easy to use Simple operation 3

Aesthetic Looks like something people 2
would want to wear

Low Cost <$7.00manufacturing cost 4




Table3. Constraints and@heir Effects

Packaging | Micro Battery Transmitter | Electrodes
controller

Portable 0
Durable 0
Low Power o] o] 0
Environments | O 6
Reusable 0) @) 0
No Gels 0
Comfortable 0) 0
Ease of Use o) o]
Aesthetic 0
Low Cost o) 6 6 o] o]

A major constraint is thdattery life of the design. In this design, a mamotroller will be

included in the device and will process the detected signals. This processing will take some
power and may drain the battery faster than expected and cause the device to fail prior to
reaching its expected life time. This would requireplaceable battery in order to make the
device reusablelhis problem can be minimized by using ultra low power ICs, microcontroller,
and radio.



Design Concepts

Three designs were developed that could have met the functional requirements of the project
Out of the three designs, only the final design satisfied the functional requirements and fit within
the constraints of the project.

Considered Desigs

Thefirst rejected concept was very similar to the designtiaatbeen implemented, with a few

key dfferences The amplification and head device subsystems would have been identical, but
the signal processing would have occurred differently. The design considered transmitting each
sample from the ADC without any onboard processifige signal processg aspect would then

be accomplished by a computer receiving the datdaough this woulchaveresuledin more
processing power for a bettEFT, the constant use of the end device radio would have required
too much power and could have violated the fmwer constraint.

Thesecondejected concepias developed around the phenomena of event related potentials
(ERPs). ERPs are brainwave spikes that occur a few milliseconds after they are provoked, either
by light or sound.These potentialsould havebeenmonitored fora changdrom the average

response timeAside from the stimulus becominigitating or even dangerouthe brain could
potentially react to another outside lights or noise

Final Design

The desigrwasdevelopedyy analyzing the fuctional requirements and determining whic
subsystemvas affected bgachrequrement TheTLFRsare to detect therainwave process the
signal, wirelessly transmihe frequency data and do something useful with it

The first functional requirement is to detect bnainwave This is accomplishedsing electrodes
mounted to a head device as inputs to a differential operational amplifier. The electrodes used
are AgAgCI EL120 electrodes from Biopac Systems, Inc. €halsctrodes are reusable with
twelve 2 mm contact posts for hair penetratibiggre2). The head device was designed using
SolidWorks and rapid prototyped using Aca 25 plastic The amplifier used is the Texas
Instruments INA333 instrumentation amplifier. This was chosen because of its low power and
low noise properties. Further amplification and filtering is accomplished using Texas
instruments OPA333 operati@amplifier. This too was chosen for its low power and low noise
properties. The actual detection of the signal is accomplished arsiagalog to digital

converter (ADC). The ADC chosen for this design is an integrated with microcontroller.

ELVID irinrind vl LLAD D3

Figure2. EL120 Electrodes.



The next functional requirement is to process the si@@hal processing is done on a Texas
Instruments MSP430 mixed signal processor. The processor used is the MSP430F2274 included
with the EZ430 RF2500 Waidess Development Tool. This development kit includes a USB
interface and two target boards that both contain a microcontroller and radio.

Thethird functional requirement is to tramg data wirelessly. This is done using the Texas
Instruments CC2500 raxlon the EZ430 RF2500 target boards. Data transmission is handled
using the SimpliciTl End Device to Access Point wireless protocol.

The last functional requirement is to accomplish something useful with the data. This is
accomplished using a combinatiof the MSP430 and a graphical user interface written in
Visual Basic.

Each subsystem will be described in more dé&édwing the design matrikelow.



Design Matrix

DP1.4.1.1: Amplify wit

DP2: Microprocessor
DP3.1.1.1: High bit sig

DP1.1: TD-142G Vinyl Electrod
DP1.2: Placement device
DP1.2.1: Head placement |
DP1.2.2: Top of head, behi
DP1.3: Filters
DP1.3.1: Texas Instrument
DP1.3.2: Texas Instrument
DP1.3.3: Texas Instrument
DP1.4: Amplifier
DP1.4.1: INA333
DP2.1: Block Diagram
DP2.2: MSP430
DP2.3: MSP430
DP2.3.1: Using C coding
DP3: Antenna
DP3.1: EZ430 RF Transmitter
DP3.1.1: EZ430 RF Transr
DP3.1.2: EZ430 RF Recei\

DP1: Electrodes

DPO: Top DP's

FRO: Main Functional Requireme

FR1: Detect Brainwave Signall

FR1.1: Use gel-less electr

FR1.2: Placement on head

FR1.2.1: Set and hold

0|0|0 |0
0|0|0 |0

FR1.2.2: High activity

FR1.3: Reduce Noise

FR1.3.1: High Pass Fil

FR1.3.2: Low Pass Fil{

FR1.3.3: Anti-Aliasing

FR1.4: Amplify Signal

FR1.4.1: Amplify with i

O|0|O0|O|OfO|O|OfO|O|O|O

o|0|O0|O0|Q|O|O|O|OfO|O|O|O|O|O]|O|O
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o|0|O0|O0|Q|O|O|O|OfO|O|O|O|O|O]|O|O
o|0|O0|O0|Q|O|O|O|OfO|O|O|O|O|O]|O|O

O0O|0|O0|O|O|O|O|OfO|O|O|O
o|0|O0|O0O|Q|O|O|O|OfO|O|O|O|O|O]|O|O

(0]

(]

(0]
O|0|O0|O|OfO|O|OfO|O|O|O
O0O|0|O0|O|O|O|O|OfO|O|O|O
O|0|O0|O|OfO|O|OfO|O|O|O

FR1.4.1.1: Amplify|

FR2: Process Brainwave Sign

o]

FR2.1: Design Circuit

FR2.2: Convert Analog to

FR2.3: Microcontroller

FR2.3.1: Program a sit

FR3: Transmit Output Respon

FR3.1: Wireless Signal

FR3.1.1: Transmit sign

FR3.1.1.1: Send si

O|0|O0|O O[O0 |00 |d
oO|0|0|O|OfO|O|OfO|G|O|O|O|O|O|O|O|O|O|O
o|0o|O0o|O|OfO|O|OfO|@|O|O|O|O|O|O|O
o|0|0o|O|O|O|O|OfO|Q|O|O|O|O|O|O|O
Oo|0|O0o|O|OfO|O|OfO|@|O|O|O|O|O|O|O
oO|0|O0|O|O|OfO|O|O|Q@|O|O|O
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O|0|O0|O (O[O0 |00 |d

O0|0|O0|O |0

O0O|0|O0|O (OO (O (O

O0O|O0|O0|O|O|O|O

O0|0|O0|O |0

FR3.1.2: Receive signi

Figure3. Design Matrix

In the design matrixn Figure3, there are four instances of coupling. The use oefegsl

electrodes (FR 1.1) affects the choice of amplifier (DP 1.4.1) because the amplifier must be able
to detect a low voltage signal. The functional requirement of reducing noise (FR1.3) affects the
amplifier choice (DPs 1.4 and 1.4.1). This requirement also affects the decision to locally
amplify the signal on the device (DP 1.4.1.1) because the fartlagrthe signal is amplified, the
more noise can be introduced.



Mechanical Design Hardware

Head Gear Support

This component igsnade up of two @rts. First igthe main supporrch whichress onthe
top of the head. Thiselpsreduce pressure points atidtribute the load of the entire headgear
over a larger ared.he arch is made of Accura 25, which is a flexible plastic used by 360
Engineering to rapid prototype desigAgpendix A shows allof the head geasrototypes in
order of production.

The second padf the support structure ibe earpieceThese were purchased separately
and integrated into the head supp®ftere is one for each ear andre chosen for their soft
flexible properties. They are very comfortable and can flex to accommodate any ear shape.
Having these properties allows for a more comfortable and universal fit. A picture of the earpiece
purchased is shown below.

Figured. Earpiece

Circuit and Battery Compartment

These compartmengsethe same design since both will be required to house the basic
PCB and all attached components. The PCB with the microprocessor and amglifieced on
one side of the head. The battexynounted on #CB on the other side so thhe user interface
and processing component aaparate. This compartmesgas the circuit board from the
environment and protexit from outside contaminants.

Electrode Array

The electrode array ®mposed oé single adjustable head bathdt haghe electrodes
attaded. The arrapasan adjustethat allows the user to increase or decredwe length of the
band. Thigprovides supportfor the entire system and wallow the user to apply enough force to
the electrodes to maintain good contact and to keep a cleat.Jige head band willlsopivot
at a centepoint to allow fora better fit and to increase attainable comfort

Electrical Design Hardware

The block diagranm Figure5 belowgives a visual representation of the circuit design. The

circuit begins with two electrodes hooked up to the head to detdataimevavesignal. Once the
signal is detected it passésdugh the DC gain (INA333). The skin acts as a battery providing a
resistance that adds a DC offset to the signal and will put a limitation on the front end gain of the

8



circuit. The next stage is AC coupling to remove the DC component and output & gifaigh
signal which will be amplified with an AC gain (OPA333) so a functional signal can be filtered.
The AnttAliasing Filter (Fourth order Butterworth filter) removes any distortion and the clean
signal is sent to the micro controller for processing. o controller is responsible for the
Analog to Digital Conversion, the FFT and is also responsible for storing the data about the
brainwavefrequencies being detected. Once sleep is detected, a signal is sent to the Radio
Transmitter Antenna which senttgt signal wirelessly to a receiver. The second micro
controller is used as a pass through which is USB interfaced with a computer.

I

I

Anti- 1 |

AC' Aliasing ADC !
Coupling . 10 bit |
Filter I

I

Flash Memory

Antenna

Radio
<« USB k—[ |ic H‘Receiver <:|<:| Transmitter
|Dr|ver

Figure5 - Block Diagram for Circuit Design

The schematic for the initial gain circuit for tBeelectrode concept was designed with the
assumption that contact between the electrode and skin creates alli@teoyential. Ideally,

this potential should be the same for both electrodes, and in this case, the contact potential does
not affect thequiexent point of the amplifier As seen irFigure6, when the contaatelated

potential is matched, the gain resistor can be minimized to yieldt#ail output. However,
thecontact el at ed potenti al may not be matched in
point may be shifted.



3.00—

Output

2.00—

Output

1.00 —

B e S e SRS 00 e S
0.00 ] mpit

] Gain Resistor = 3.5k Ohms
- Contact-Related Potential: Matched
T T T T | T T T I T T T T |
0.00 100.00m 200.00m 300.00m
Time (s)

-1.00

Figure6 - Contact Related Potential Matched. Gain resistor 3.5k Ohms. Rail to rail output.

Figure7 demonstrates that if the same gain resistor is not modified from the ideal case, a good
portion of the signal will be lost. To allow for some contatated potetial difference, the gain

resistor must be increased as showRigure8.

3.00 —
Output
2.00—
‘g 4
S 1.00—
(o] 4
1 Input
0 T e e e e e
7| Gain Resistor = 3K Ohms
] Contact-Related Potential: 50 mV Differential
T
0.00 100.00m 200.00m 300.00m
Time (s)

Figure7 - Contact Related Potential 50mV. Gain resistor 3k Ohms. Clipped output.
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3.00 —

2.00—

Output

Output

1.00 —

000 L e |

4 Gain Resistor = 7.14k Ohms
- Contact-Related Potential: 50mV Differential
T T T T T T T T T T r T T T T r T T T T T T

0.00 100.00m 200.00m 300.00m
Time (s)

-1.00

Figure8 - Contact Related Potential 50mV. Gain resistor 7.14k Ohms. Adequate output.

First Gain Stage

The INA333 Instrumentation Amplifier was chosen as the first amplification stage. The INA333

is specifically designed to remove noise using highcommond e r ej ect i on ( 100dE
This is the best configuration for our project due to the low signalitaihg and high noise

components that make ugpeainwave The value of the gain for this INA stage is 10 V/V. The

gain equation used to calculate the value is shoviagurationl. This was chosen so that the

circuit would not amplify the DC offset associated with the skin to electrode cdpigate9 -

INA333 Instrumentation Amplifier, First Stagdows the schematic of thiest stage

amplification stage.

100kQ
. (100k0)
Rg

Equationl - First Stage Gain
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Figure9 - INA333 Instrumentation Amplifier, First Stage

AC Coupling

A capacitor is included between the INA staggput and the input of the Butterworth filter

which allows for AC coupling and also has a pole at DC and creates a first order highpass filter.
The AC coupling rejects the DC signal and passes the AC along to the next stage. The capacitor
was adjusted sthat its time constant was decreased which in turn decreased the response time of
the circuit. The time constant is the rate at which the capacitor reaches steady state.

Fourth Order Butterworth Filter

A Fourth Order Butterworth filter was designed using OPA333 Operational Amplifier. The
OPA333 was chosen because it is optimized forlolage and singlsupply operation. The
Butterworth filter circuit was chosen for the design because it is maximally flat patsdand

and has a gp roll off intothe stopbandt also has aarrowtransition band which helps with

the rejection of unwanted frequencies that are close to the cutoff frequency. In this case the
unwanted frequency is 60 Hz and the cutoff frequency is 30 Hz. The steepness of thetblepe of
transition band is directly impacted by the order of the Butterworth polynomial; the higher the
order, the steeper the slope of the transition band. The slope of this fourth order filter was steep
enough that it cancelled the 60 Hz frequency butpssised the very low brainwave frequencies
that were important to the success of the project. Knowing the cutoff frequency and picking a
value for the resistor, we used the equations below to determine the value of the other
components in the circuit. ®hdesign is a low pass filter that passes frequencies under the
cutoff frequency (30 Hz).

2 2
W w

H(s)overa = . * :
' s’+.765ws +W S 1.848yws #

Equation2 - Overall Transfer Function

12



2

w
H(s), = =
=3 +.765wW, s +W

Equation3 - First Stage Transfer Function

w, =2p f,
Equation4 - Cutoff Frequency
B 2
' .765*w_R
Equation5 - Capacitor 1 Value
c - 1
© WCR
Equation6 - Capacitor 2 Value
w,
H(s), =

s’ +1.848w s +w

Equation7 - Second Stage Transfer Function

_ 2
1.848*w,_R,

3

Equation8 - Capacitor 3 Value

w’C,R?

c

Equation9 - Capacitor 4 Value

Final Gain Stage

The final amplification stage was made with the OPA333 as well. The gain of this stage was
originally 1000 V/V. However, testing proved that this gain was not sufficient to amplify the low
amplitude signal provided from the brain. The gain was increasgsDm V/V to amplify the
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microvolt signal acquir ed EguatomhiOwasusedtor ai n (az20
calculate the gain for the final stage.

Rf
A==
Equationl10 - Final Stage Gain
R7 250k
AN
—AAA—8 OPA333
R5 1k
15v 3V

Figure10- Final Amplification Stage

Constant Voltage Source Buffer

A voltage buffer was used to supply a constant voltage of 1.5 Volts to bias the inalithef
stages with the exception of the second stage of the Butterworth filter. A voltage divider was
used to decrease the 3 Volt supply. The equation for the voltage divider is shieguationl 1.

This was done by using two resistors of the same value which cut the 3 Volts in half for a final
output supply volige of 1.5 VoltsFigurell shows the buffer circuit.

Ras
V t = V * —
ou 2 Rdz
Equationll - Voltage Buffer Output Expression
1.5V
"
OPA333

R18 10M

| [~M¢¢Y——T— SAARmS g

R19 10M

Figurell- Voltage Buffer Supplying 1.5 Volt Bias

14



The schematic for the entire circuit can be found in Appendix B. Appendix C containsthe two
printed circuit board layouts. Appendix D contains the progression of circuit boards throughout
the design process. Photographs of the test results for the circuit can be found in Appendix E

Design Software

The Texas Instruments MSP430 was programmed using the IAR Embedded Workbench using
the C language. The 200 series MSP430 included with the 283500 development kit has
several important features that were utilized in this project. The main clock is driven by a 16
MHz digitally controlled oscillator for quick response time. The MSP430x2274 also has an
integrated 12 kHz oscillator (VLO) for low frequency, low powppications. A timer module

is driven from the VLO and sets the sampling frequency at 60THis timer is able to wake the
MSP430 from its low power mode continue with code execution. During normal operation,

the MSP430 spends approximat8h2o of thetime in low-power node, with the CPU and main
clocks shut off to conserve power. THmssignallows the device to have a battery lifel®b3

hours of continuous ugeom a single 2032 medical device battery

Samplesaretaken witha 1Gbit successive appximation analog to digital converter. The ADC
uses a data transfer controller to store samples into the FFT input array without help from the
CPU. The FFT input array is 64 data points wide in order to work within the memory limits of
the microcontrotr and provides a frequency resolution of .9375 Hz, which has been found
acceptable for this project. After the input array is filled, an FFT is compuigthe input array

is cleared The output array ithensearched for the highest value. Tireguency at that value is
considered the dominaimput frequency.

The software uses the integrated CC2500 radio
wireless protocol to transmit the data from an end device to an access point. The access point

then passes the data through a USB interfacegm@jahical user interfacehgre the data can be

displayed.

The software also includes additional features to aide end TikerGUI displays both the end
deviceaccess point connection strength and a warningnvthe electrodes are improperly
connected. There is also an option to log data into a file so that it can be viewed in a graphical
format later.

The GUI is showrnn Figurel12. Figure13shows a block diagram of how the system works.
AppendixF i Device Softwareontains the software that contrtte MSP430.
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Figurel2- Graphical User Interface
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