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I. Introduction

1.1 Purpose and Functions

The purpose of this projectis to reduce the cost of and improve the efficiency of current
Electroencephalography (EEG) systems. Atthe moment, low-cost EEG systems can run over $S800 [1].
Our system costs under $500, and allows the end userto record brain activity without the presence of a
laptop. The current marketfor EEG systemsisin high demand bothin neurological research and the
medical industry. The devices on the market today require that one carriesaround a laptopin order to
record data. Our productrids the necessity to carry a laptop or be near a desktop computer. Along with
using a cheaperdevice design, ourdevice is more mobile allowing researchers to have flexibility in their
research and isless expensive thus creating avery viable productin the EEG market. Ourdevice does
not just replicate othersimilar devices onthe market. Ourdevice is adata logging system that will serve
as a more economical alternativethatadds convenience to traditional EEG systems.

The main functions of the device include the following. First, the device is capable of takingin 14
EEG sensors, where 12 of these sensors collect dataand the othertwo are tied to togetherto represent
areference ground behind the ears of the patient. Second, the device has a 10,000 gain instrumentation
amplifier thatallows microvolt brain waves to be output as volts that are easily differentiated by an A/D
converterinthe Arduino. Third, the collected digitized data of the brain wave is time stamped and
stored on an SD card by the Arduino. Finally, the device contains animpedance verification system that
checks that the sensors are properly placed onthe patient’s head so as to ensure the datacollected is
accurate and acceptable.

1.2 Blocks Described

PCB1

Impedance
Verification

Power Supply

Sensors

Amplifier

Arduino

Figure 1: Overall Block Diagram.

Overall Physicaland Functional Summary:

The large-scale block diagram describes the connection between the sensorsinthe EEG cap and
our physical device strapped to the back of the patient. To ensure that the sensors are properly applied
to the user, we have implemented an Impedance Verificationin orderto assure both the userand the
researcherthatthe quality of the data being collected is accurate during data collection. The amplifier
will take inthe signals from the sensors and amplify them forthe ADC on the Arduino to differentiate
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between the signal voltages. From the amplifier module, afilter module will remove the noise from each
signal and leave the resulting datasignal information that we need to store inthe SD card. Afterfiltering
out the noise from each sensor, the individual sensorsignals will be fed into the Arduino to store the
data by signal. The ADCwill convert the datawith a resolution quality great enough to accurately
differentiate between the different voltages that occur.

Impedance Verification:

The Impedance Verification monitors the impedance on each of the sensors one at a time versus
the reference voltages behind the ears before the userbegins data logging. The user puts on the sensor
cap and appliesall of the sensors with asaline solution to the best of theirability and then uses the
impedance verification to make sure the sensors were properly applied. Properapplicationis essential
to assuring accurate data. The system will have 4 parts: a userinput, sensorselection, anamplifier, a
comparator circuit. The current source supplies asmall current (in the order of nA) that will be sentto
the skin. The system reads the voltage overthe sensorand compares those to known voltagesthat
correspondto knownimpedances (20kQ and 30 kQ). There are two warninglight LEDs that display a
relative impedance. The selected sensor numberis displayed on two seven segment displays in decimal.
The user has control which sensor he or she wants to view and can change them using the tactile push
button provided that will up-count the sensor number. This provides avisual to notify the userif each
sensoriscorrectly applied.

Sensors:

The sensors used are Ag-AgCl sensors with alarge surface areafor betterelectron conduction
created by Grass Electrodes, the best on the market.

MUX:

The MUX blockisa 16 to 1 Multiplexer (of which 12 are used) that passes the 12 sensorstothe
amplifierandfiltercircuitry. The MUX will countto 11 in binary and resetand continue at a specified
sampling frequency. This makes it easierto collect datafrom all of the sensors at once without the
problems of switching sensorsinone ata time or designing multiple amplifiers and filters persensor.

PowerSupply:

The powersupply provides powerto the circuitry that is regulated at a consistent voltage, and
protected fromincorrect voltage polarity on the input. In addition, the power supply relies on batteries
soitcan be portable. Alsoaswitched capacitorinverter wasadded to this module to provide the
negative rail forother components thatare dual supply.

Amplifier:

The amplifiermodule will take itsinputs fromthe 13 sensorsinthe head cap, and will send its
outputsto the Filter module. It will consist of an operational amplifierthat will take in voltages between
20-200 micro-volts and output voltages from 0.2-2.00 voltages. It will primarily be composed of resistors
and two cascaded operational amplifiers designed to give a 10,000 gain forthe range of inputvoltages.
The reasonfor cascadingthemis to ensure the slew rate is never exceeded in how fast the output
voltages needto change relative to the input voltages. This amplification will be done to ensure the ADC
can properly differentiate between the types of voltage values to convert. This will specifically be anon-
inverting output.
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Filter:

The filtermodel will consist of an 8th order Butterworth low passfilter circuit that will remove
signals with frequencies above 50Hz, while minimizing any reductioninthe signal amplitude of those
frequencies thatare inthe pass-band. [t will take inputs from the amplifier moduleand send its outputs
to the MUX module. It will primarily be resistors, capacitors, and operationalamplifiers. The exact values
of the resistors and capacitors will be determined using afilter design tool to give real world
components to build the circuit.

Arduino:

The Arduino's Atmega328 processor handles the output fromthe filter and assignsitatimstamp
before storing on the SD card. In orderfor propersignal reading, the port A2 takes the analog signal
fromthe filterand convertsittoa digital voltage that the end user Kyle Mathewson canread and
interpretforgraphing. Control of the 16x1 MUX is also managed by the Arduino processor, sending a
particular4-wire set (one foreach bit) to the four SELECT bits on the MUX. This group of 4 signals count
from 0 to 12, allowingeach signal 0.1666 ms of time to run through the amplifier, filter, and SD card
processing before the nextsignal is selected by the Arduino. The Arduinois powered by its one 9V
battery supply, and does not draw fromthe general powersupply seeninthe block diagram. The signal
data can be foundina file called DATALOG.CSVand is accessible in any excel style software. An
important pointto note is when datalogging the end user MUST set the specificdate and time thatthe
userwould like to start recording data.
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II. Design

2.1 Impedance Monitoring System

The impedance monitoring system took on some redesigning throughout the semester. The
original designincluded an on-off switch for the userinputand the sensornumberdisplayed in binary
on LEDs. It alsoincluded comparators that compared voltage valuesinthe order of uV. It was decided
that binary LEDs would not suffice. Abetter design forauserinterface would be to use two seven
segmentdisplaysand display the current sensor numberin decimal. An on-off switch for the userinput
was inefficient way to switch between sensors, so the switch was replaced with atactile push button
which had a betterfeel. The comparators used are not sensitive enough to detect small changesin uV so
it was necessary toamplify the signals essentially adding more resolution, in orderto more precisely
detectthe differencesinvoltages. A better design was to amplify the found voltages first fromuVto V.
The comparator can more precisely identify the voltage wheninV as opposed to uV. With this change, a
powersupplyinverter needed to be designed to provide -5.0V to the amplifiers.

The Sensor Impedance Monitoring System monitors the impedance each sensor’simpedance
throughthe headto the reference sensors one ata time before the userbegins datalogging. The user
will putonthe sensorcap and apply all of the sensorstothe best of theirknowle dgethen userthe
impedance verification to make sure he or she applied the sensors correctly. The user has control of the
changingrate of sensorsand can change them using the button provided that will up-count the sensor
number. The system checksif the sensorimpedance islessthan 20kQ and/or less than 30 kQ. These
numbers have been proven by empirical research that they can assure that the data collectedis
accurate. If either of the conditions are not met, warning LEDs appear. The system providesavisual to
notify the userif sensorsare incorrectly applied.

Itisimportantthat the sensors are properly applied (an acceptableimpedance forthe systemis
lessthan 20k ohm, but we will tolerate up tolessthan 30 kQ) in order to ensure that our data collection
isaccurate. If a sensorisincorrectly applied, ourvoltage readings may be grossly attenuated and we
may lose information. The user may check the sensorsimpedance whenthey needto. A properexercise
of electroencephalography research would be toread the impedances on the sensors first before data
collecting.

Impedance Verification Current
Source

User Input sensor Chosen

P Selection Sensor

Display Amplifier

Figure 2: Impedance Verification Block Diagram.

The system was redesigned overthe course of the semester. The final module contains subparts
that work together to verify that each sensor is properly applied and the user is ready for data collection.
The user has control of the speed of verification. By pressing atactile push button, the user can step
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through each sensorand verify. The current sensorbeingverifiedis visibleon two seven segment
displays that make up the display. The seven segment displays are logicbasedin orderto show the
sensornumberisdisplayedindecimal. See Appendix A for detailed schematics.

Logic design for counter circuit:

Counterstart at zeroand must count to 13 and reset. The K-mapsincluded below show how |
implemented the seven segment displays for first the mostsignificant digitand then the least significant
digit.

The sensorselectionisademuxingand muxing of sensors. Itisinnovative because in the past,
the userneededtoinserteachsensorone at atimeinorderto check if the impedances were passable.
Thisallows the userto not worry about checking each sensorone at a time. All the sensors are plugged
infirstbefore anythingis checked. This novelty increases portability and adds to the ease of use of our
product. Please see the attached schematics within the appendix.

The current source is constant at 25 nA. We use Ohm's Law in orderto compare lateron. The
currentsource needsto be constant despite whatimpedanceisinserted. The comparators will count on
the constant currentin order to compare voltages against. We have two comparators: one that
determines whether or notthe impedanceisless than 20 kQ and one that verifiesif the impedanceis
lessthan 30 kQ. The comparators are hardwired with avoltage that would correspond to 20 kQ and 30
kQ with a known constant current of 25 nA. To create a constant current we used a large current setting
resistorinseries with oursensorimpedances:

V=IR
5V = 25nA * RQ
R =200 MQ

The last componentincluded above is the amplifier. The original design did notinclude an
amplification stage. The small voltages (uV) collected were too small forthe comparators to handle. To
give the comparators more resolution, the voltages collected were amplified by 5000 to the order of
Volts. Thisalso meantthe inclusion of apowerinverterto create -5.0V from +5.0V to powerthe
amplifier. Forthe gain of the amplifierto be approximately 5000, we needed to choose R, such that this
Wwas so:

Gain = 1+(50kQ)/R, = 5000 V/V
R, = 100

Afterthe voltages are amplified to respectable values, they are fed into the comparators and
the conditions are tested. LEDs light up on the comparators when the conditions aren't met, servingas a
warningto the userthat the current sensorapplication doesn't meetthe required standards for data
collection.

To simulate the comparators, different values of resistances wereinserted and tested. The
simulations show the current setting resistor and the comparators comparing before amplification was
included. The top comparatortestsforlessthan 20 kQ and the bottom comparatorstest for lessthan 30
kQ.The reference voltages were calculated with Ohm's law with aknown current of 25 nA. LEDs are litif
the conditions aren't met. See Appendix A for schematics that are used forthis design.

2.2 Amplifier, Filter & Power Supply

The general design alternative for this set of modules comes down to the type of powersupply
we are using. Originally, we designed forasingle supply that would be compatible with four D batteries.
But duringtestingitwas discovered the instrumentation amplifier used requires dual supply . We looked
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for otherinstrumentation amplifier chips that would still give us the desired high amount of gain-
bandwidthratiothe INA128 gives while only needing asingle supply voltage, but were unable to find
such a device. Thuswe found a switched capacitorinverterthat would invertthe input supply voltage
and outputa negative voltage thatissued foradual supply forthe instrumentation amplifier. The
amplifierand filter system themselves have no real alternatives beyond how they are implemented
which will be discussed in their respective sections.

There was also a decision to make regarding whetherthe power supply would be with standard
D batteries orwithrechargeable D batteries. The reason forthis design concern was that standard D
batteries have 1.5 Volts starting out each and rechargeable batteries have 1.2 volts. Thus it would take
six rechargeable batteries, but only four standard batteries to achieve the same results. For reasons of

cost and ease of reuse forthe costumer we designed for the rechargeable batteries.

Power Supply simulations / Circuits / Equations

Figure 4: Reverse Polarity Protection Circuit.

The powersupply forour systemtakes a voltage input of 6 — 7.2 Vdc supplied by fourD
batteries. The powersupply utilizes aPMOS transistor with the drain connected to Vin+, the gate
connectedto ground and the source connected to ourload. The purpose of this PMOS transistoris to
protect our circuitfrom a human failure orinserting the voltage source in backwards. When the voltage
is correctly attached (correct polarity), the PMOS turns on and lets current flow through the circuit.
Whenthe voltage sourceisinreverse polarity, the PMOS turns off and the circuitin fact doesn’t blow up
like itwould without the PMOS for protection. The novelty behind thisisit protects the circuit froma
possible human errorininserting the voltage source inreverse polarity because the PMOS will not
conduct.

With a forward biased voltage source:
Vgs=(Vg-Vs)=0-6 =-6V

-If Vgsis -4V or less the PMOS transistor will turn on thus conducting current.
With the reverse polarity voltage source:
(Firstassume MOSFET is turned on.)
Vgs=(Vg-Vs)=0—(-12) = +12V

Neuro-transmitter 8 Fall 2012
(EEG) Interface System



Vgs must be -4V or lessin orderfor the PMOS transistortoturn on whichisnot true here. The
transistor must be off and therefore not conducting current. The circuitis safe.

Anotherimportantaddition toourcircuitisthe inclusion of a low-dropout regulator. This
componentwill take aninputvoltage from asource that can be characterized as unstable and make it
stable. Tobe more precise, in ourcircuitour Vin fromthe 4 D batteries will be around 6V. The low -
dropoutregulator will take this value and stabilize itata level it can hold for longer. The low -dropout
regulator will keep ourinputvoltage atastable level of 5V +-10% = 4.5-5.5V. By doing this we will be
dissipatingless powerinthe regulatorthanyouwouldif you used anothertype of regulator. This
discussion continuesin Appendix Bunder powersupply.

Amplifier simulations /circuits / equations

See AppendixBunderamplifierforthe full discussion of the amplifierchosen and why.

Figure 5: Circuitry of differential instrumentation amplifier.

The differential instrumentation amplifier works in two main ways. The first stage subtracts the
bottom voltage from the top voltage, for convenience V2-V1. This voltage is then multiplied by a gain
factor that results from finding the gain afterthe first two amplifiers. That being (1+2*R1/Rgain), since
there are two R1 resistors used. Then thisis feed into the next stage amplifierwhichisjustan
amplification stage which leads to R3/R2 as the gain. Thus the total gain equationis
(Vout)/(V2-V1) =(1 + (2*R1/Rgain)) *(R3/R2)

(2*R1/Rgain)*(R3/R2) for the gain.

Now we need to mention the CMRR value which relates amplification of the signal to the
amplification of the noise.
CMRR =20 log(Ad/Acm)
where Adis the differential gain, signalwe want, and the Acmis the common mode gain, or the gain of
both the noise and the signal we want. Thusthe (2*R1/Rgain) corresponding to the Ad term should be
largerthan the (R3/R2) Acm term and togetherboth of them need to be 10000 gain. Thusit was chosen
to make Ad 250 and Acm 20 so total gain would be 10000 and the differential term would be 12.5time
biggerthanthe common mode gain givinga CMRR value of 21.9382. Thus the differentialamplification
removes the dccomponent, removes some noise, the high CMRR gives a greateramount of
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amplification to the signal and not the noise, and gives the 10,000 gain that we want forthe A/D
convertertoreceive.

Howeveraninstrumentation amplifier chip exists INA128PA-ND that meets our needs.

It has a slew rate of 4 V/microsecond and has a bandwidth of 2 kHz at a gain of 10,000 which presentsa
very simplified solution to designing the circuitry. The schematicis below [2]. Thoughit'simportantto
mention that forthis amplifierto correctly operate a negative powersupply became necessary and was
addedintothe design forthe powersupply.

Filter Simulations / Circuits / Equations
See appendix Bunderfilterforthe full discussion of the filter design.

And thus gives the following circuitry:

Figure 6: 8th order Butterworth Low-pass filter.

This schematic shows the exact chip we using ADA4092-4 and has the exact component
values that are in use. The chip has 4 operational amplifiers, one for each stage used. The
particular configuration used for each stage of the amplifier is the Sallen-Key configuration
which minimizes the effect of the specific operational amplifier chosen on the overall quality of
the filter used.

Amplifier Design

The output of the 16:1 MUX, which is comprised of the 12 sensors on the input to the MUX; is
sent to the positive terminal of the instrumentation amplifier. One of the two sensors tied together to make
the virtual ground for the systems is the input to the negative terminal of the instrumentation amplifier.
Amplifier circuitry consists of an INA128 instrumentation amplifier. A resistor of five ohms sets the gain
to 10,000 since 1+50k/Rg = Gain and thus an Rg of 5 ochms gives approximately 10,000 gain. The
amplifier gets it rail power voltages from the power supply from the batteries for the positive rail and
from the switch capacitor inverter for the negative rail. There are two 0.1 microfarad capacitors that are
connected from the positive and negative rails respectively to ground to help reduce noise to the chip. The
output of the amplifier is then sent to the filter module. Again the reason behind the 10,000 gain is to
taken brainwaves that are 20-200 microvolts to 0.2-2 volts so there can be a high resolution of the signal
atthe A/D converter in the Arduino. Instrumentation design was chosento allow a high CMR ratio and
differential design allows the dc offset voltage of the sensors to be removed as well as any noise in the
sensors that is common between the reference ground sensor and the data sensor being looked at.

Filter Design
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The filter module takes the output of the amplifier as the input to the first of fourserial Sallen-
Key stages. Atthe heatof the filteristhe ADA4092-4 which contains four operational amplifiers.
Since there are four Sallen-Key stages the order will be 8" To determine the resistor and
capacitor values used for each stage in order to have a low-pass Butterworth filter, a filter
design tool was used provided by Analogue Devices. This allowed not only for the values for
these components be found that optimize the filter response desired, but also allow for the
resistor and capacitor values to be real world values whereby parts could be easily obtained
and the filter easily put together. The output will go to the input of the Arduino. Again, the
reason for choosing 50 Hz as the low pass point is because above this frequency no brain waves
of interest exist and it would be a waste of SD store space to include them. Also at 60 Hz
voltages from the surrounding power lines could add in interference to the signal and so this
was another justification given for the frequency being the low pass point. Butterworth
implementation was chosen since a flat pass band is necessary for accurate representation
voltages of the brain waves signals at frequencies that are of interest. A Chebyshev type two
filter was considered as an alternative to a Butterworth filter, but it was decided that a
Butterworth filter would be easier to implement with the design tools available and a sharper
transition band could occur by using 8 orders. And the Sallen-Key implementation of stages was
implemented to have the least dependence of filter performance on the performance of the
operational amplifier.

Power Supply Design

In our powersupply block, we plan to start with a high voltage and step d own by means of
resistive elements between the blocks if needed. The overall power supply will consist of six
rechargeable D batteries that at initial use will have 7.2 volts of power. This voltage will then be wired to
a PMOSFET in such a way that the PMOSFET will be connected with the batteries goingto the drain, the
source goingto the rest of the circuit, and the gate connected to ground(youtube, youtube). This setup
will ensure the transistor will only be on when the voltage is attached the right way, and will be off
otherwise. The reasonforthisand nota diode is a matter of safety to the research participant that will
be wearingthis. Diodeslose more power and thus generate more heatthat could be hazardous. The
PMOS on the otherhand will generate farless heatand powerloss and thus be saferand more efficient.
The specificPMOS used is the FQP47P which has a 60 V limitand a +/-25 volt Vgs break down value.

From the PMOS, the powerwill gothrough a linearvoltage regulator. The purposeforthe linear
voltage regulatoristoensure thateven as the batteries lose volts before they no longerfunction, the
voltage regulator will keep outputting a constant voltage of 5 volts. Thus the powersupply to the rest of
the systemwill notvary randomly and cause distortive effects. The specificchip used isthe Fromthe
linearvoltage regulator, the powerwillgo toa switch that will be manually setto feed the powerinto
eitherthe dataprocessing and logging circuitry, or feeding the powerinto the Sensorimpedance
verification circuitry.

Anothercomponentthat neededto be addedinto the design of the powersupplyisthe
switched capacitorinverterthat takesin powerand outputs negative powerto be used by the circuitry
that requires dual supply. Thisis achieved with the LMC7660 chip, two polarized 10 micro farad
capacitors, and a 10k resistor. The LMC7660 usesits built-in oscillator to switch 4 power MOS switches
and charge two electrolytic capacitors. This device implementation was specifically chosen so that it
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would be easyto inverta5 voltsupply to approximately -5volts without agreat deal of additional
components beingused.

See AppendixBunderdesign schematic section for a detailed design schematic.

2.3 Arduino

Design Procedure: Our overall design for processing the signal dataonto the SD card focused onthe
processing rate limitations, the A/D conversion limitations of the Arduino, and the time at which each
signal had to pass through the circuit before the MUX switched tothe nextsignal. One noticeable design
decision was going with aready-made chip, the Arduino RTC module (see Appendix C-4). An alternative
(and more error prone) solution would be to have an IC chip (DS 1307) connectedtoa 32.768 kHz
Crystal chipat DS 1307’s pin1 and pin 2. A 5V powersupply would be fed to pin 5 and a managed power
would happen with pin 3(see Appendix C-3) . Asone can see from this setup, we would need to alterthe
code to conformto the IC chip, requiring a special definition of write and read functions with the label
12C_WRITE and I2C_READ, in orderto properly communicate with the IC chip DS 1307. However, the
currentschematicdesign of what we chose simplifies this and allows us to code a simple call
“Write.read()”. The RTC module does require that we definethe address we are requesting, but we only
have to code thisonce at the top of the code set with “Wire.requestFrom(DS1307_I12C_ADDRESS, 7)”.
The brief digression of code was used for the sake of justifyinghow we were able to simplify 184 lines of
code to 151 lines. This will allow the non-coder easy readability, although atechnical electrical engineer
may find this level of abstraction limiting, since he/she cannot code directly on to the DS1307 IC chip.

Design Details MUX Counter/SD Card Frequency: We determined after studying source [4] that the
maximum signal frequency thatis released fromthe brainis 50 Hz. However, we cannot sample at this
frequency withoutresultingin datathatis aliased. We can avoid thisissue by sampling twice the Nyquist
rate. Also clarified in source [4] isthat just sampling at twice the max frequency would not provide
accurate data, so our group sampled at five times the Nyquist rate. With twelve signals being processed,
we multiply the total sampling rate by twelve and get 6 kHz. Thisis the sampling rate allows the signal
waveformto be rectifiedinthe signal datarecorded on to the SD card.

Baud Rate: In order to determinean appropriate baud rate for processing the signal datawithits
timestamp, we needed to determine asamplingrate that would accurately capture the sensordata
enteringthe system. We found from section 2.2.1that this appropriate sampling frequency is 6 kHz.
Howeverinorderto process the data without error, we needto process at least twice the delay
between signals. Converting frequency to ms (1/frequency=milliseconds), we get 0.166 ms. Therefore,
our processing rate must be quickerthan 0.08 ms. For the Arduino processing, we can setthe baud rate
to a couple of different numbers: 9600 bps or 115200 bps. As we can see, the 9600 bpsistoo small of a
processingrate, sowe are left with 115200 bps. We wentwith 115200 bps (as opposedtoa smaller
baud rate greaterthan 12000 bps) so as to leave enough overhead and have the smallest errorrate for
the adjusted CPUfrequency of 2.0 MHz. Unfortunately we could not go above 115200 bps (limitation of
the Arduino Atmega328 processor), so the optimized baud rate was 115200 bps, resultinginan error of
8.5% to the data processing.
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III. Verification
For all detailed requirements, verifications, and results please see Appendix D.

3.1 Impedance Monitoring System

The impedance monitoring system verifications break down the subcomponents within the
subsystem. There are four major parts withinthe subsystem: auserinput, sensorselection, an amplifier,
a comparator circuit. Each part is verified separately.

1. User input: The manual input switch must change the selected sensor. The user presses the tactile
push button and verifiesthatit works properly by reading the seven segmentand watchingitincrement.

The input must also count correctly. It must start at zeroand countto 13, thenreseton the nextcount.

2. Sensor Selection: Sensorselection refers to the DeMUXing and MUXing that is necessary to choose
sensorsone at a time. The MUXes must be wired correctly, verified by replacing the sensors with LEDs.

3. Amplifier: The amplifier needs to contain a gain of 5000 V/V with about a five percent erroron each
side. Thiswill be verified by sendingin asmall signal and comparingit to the magnitude of the output
using an oscilloscope. In orderto make the amplifier function, apowerinverter wasincluded. The power
invertermustbe able toinvertan input of +5.00 V and output -5.00 V, again with a factor of 5 percent
error on each side. This will be verified with avoltmeterand a five volt power supply.

4. Comparator Circuit: Grouped with the comparator circuit is the constant current. The current through
the sensors needs to stay constant at 20-25 nA despite inputting differentimpedances. Thisis verified by
usingan ammeteracross the impedances.The comparator circuit needs to be able toverify input
impedances are lessthan 20 kQ and/orless than 30 kQ. Impedances can be represented as resistors.
One mustinsertresistors around those valuesand see if it correctly lights the warning LEDs.

Results: The sub-device functions as proposed. The userinput through atactile push button was verified
and the countercircuit properly counted and reset as proposed. The selection circuit properly selected
the wanted sensorand passed onits voltage (assumed proper current). The comparators properly
determined where inputted impedances lie around 20and 30 kQ. The LEDs litupif the comparing
conditions did not verify.

3.2 Amplifier, Filter and Power Supply

The full verification and results for this subcomponent can be found in the associated table in
the appendix. Here | will give a brief description of the verification procedure and the resultthat were
obtained.

1. Amplifier and Filter: A sinusoidal waveform that has a peak to peak voltage of 0.002 from a function
generatorisvoltage divided to 0.002 volts and put into an input of the Mux setto display asignal
channel out. The output of the Mux goesto the amplifier. The output of the amplifier goes to the filter,
and the output of the filter goes to the oscilloscope. The original input will also be show on the
oscilloscope to show the frequency of the original signalis maintained in the output signal. Correct
output will show avoltage of 2 volts peak to peak +/- 30% whenthe inputfrequencyisbelow 50Hz for
80% of these frequencies. (Those closerto 50 Hz will startto show more attenuation and thatis
acceptable forfunctionality.) When the input signal is changed to afrequency above 50 Hz the output
signal will be attenuated. Thus this test will verify the amplifier can give 10,000 gain, the voltage values
are consistentinthe pass-band, and signals at frequencies above 50Hz are attenuated. This test will also
verify the Muxis working properly and that the negative powersupplyis working correctly since if either
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of these two were implemented incorrectly the amplifierand filter operationalamplifiers would not
function properly.

Results:

45aV

Std Dev
st :
o1.141aV 20.83k

Figure 7: The images show 25 and 60 Hz inputs and outputs.

As sceneinfigure 7, the leftimage shows the output voltage has the 10,000 gain desired
resultingin 2.28 volts that is within the tolerances specified. The input voltage peak to peak value isnot
correctly displayed due to resolution changes for the signal butthe same inputis correctly given in the
nextfigure. The rightimage in figure 7shows whenthe inputsignal is sentin at 60 Hz the outputsignal
shows significant attenuation from 2.28-0.52 volts. Thus only 22.8% of the original signal peak to peak
remains. Thus the verification indeed has passed.

2. Power Supply:To test the reverse polarity protection and the 5volt voltage regulator, and 8 volt dc
signal will be sentto the input of the reverse polarity protection P-MOSFET. The output of the MOSFET
goesto the inputofthe linearvoltage regulator, and the output goesto the oscilloscope. Thus the first
test will be correct polarity to show an output voltage of 5 volts +/- 30%. The second test will show a
reverse polarity showing close to zero volts output.

Results: The output of the linearregulatorforan 8 voltinputis an outputof 4.82 volts. Thisis withinthe
tolerances specified of 5 volts +/- 30% and thus the verificationis met. The output of the linear regulator
for an 8 voltinput with reverse polarity is -0.088 volts. Thisis within the tolerances being close to zero
voltsor only 1.1% of the original negativeinputvoltage.

3.3 Arduino

1. MUX LED Test: Asseenin Appendix C-1, Totestthiswe mustsetup fourLEDs to verify thatthe
Arduinoisindeed sendingthe correctfoursignal sequence foreach countto the MUX. To verify, we will
do the following:

1) Arrange fourLEDs vertically aligned with one end connected to ground and the other connectedtoa
horizontal row that has a wire connected to one of the ports A2-A5.

2) Down-pressthe red LED button on the Arduino and watch the LEDs incrementinafourbit binary
count from1 to 12.

One key equation employed is to convert from decimal to binary in four output signals from the Arduino.
The equation looks like the following:
Let usassume that x isthe decimal number.
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LEDO: (x mod 2)

LED1: xmod2 || xmod 3 || xmod6 || xmod7 || xmod10 || x mod 11
LED2: xmod4 || xmod5 || xmod 6 || xmod7 || x mod 12

LED3: xmod7 || xmod 8 || xmod 9 || xmod10 || x mod 11 || xmod 12

Thiscan be seeninthe codeincludedinAppendix A

2. MUX Counter Frequency Test: The MUX counter provided by code written to the Arduino has a
delay of 1.66*10" us. Thisfrequency is based on the design decision for sampling rate of the data points.
The ideal sampling rate is based onthe following:

12 signals * (50 Hz max. sensorsignal frequency) *5* 2 =6 kHz

The factor of five is representative of sampling five times the Nyquist rate, statingthat we need to
sample atleast twice the minimum sampling frequency of 0.1kHz. Furtherexplanation of how we select
0.1 kHz can be found inthe design details. In order verify this test, we use the oscilloscope channel wires
and link ground with the Arduino ground, while measuring the change in voltage over time. We measure
the least significant rate, resultingin a 50% duty cycle. This test was uncertain due to irregular delay
readings, and will be furthertested foraccuracy AppendixC-1.

3. SD Card Synchronization: With our SD Card Synchronization, we need to process the incoming signals
at the same rate that we cycle through the MUX. Therefore, we will have the same frequency of 6 kHz.
In orderto guarantee thatthe Arduino processor Atmega328 correctly processes the signal inputonto
the SD card, we want to setthe baud rate that will compensate forthe high sampling frequency. As
explainedinourDesign Details section, we chose the baud rate with enough processing overhead, and
decided on 115.2 kbps (kilobits persecond). In orderto confirm that the signals are being processed at
this baud rate with date-timestamps, we print the signal values being stored to the Arduino Serial
Monitor, whichincludes abaud rate of 115.2 kbps. The results as seeninthe serial monitorin Appendix
C-2, reflecttwo things: 1- that the analog-to-digital conversion from the Arduinois exactly 0.27V above
whatthe desired outputvoltageis, and therefore each datapoint must be reduced by 0.27V. 2- the UTC
(Universal Time Clock) to RTC (Real Time Clock) conversionis successfullybeing made by the RTC
module and that the difference between constantinput signal voltage values varies little (0.0-0.1V).
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IV. Costs

4.1 Labor
Name Hourly Rate
Kevin Armstrong $35.00
John Burton $35.00
Alex Lostumbo $35.00
4.2 Parts
Item Quantity
D Batteries 6
LEDs -
Resistors -
MUXes (DG406DJZ) 3
DeMUXes (29635175) 1
Battery casing 1
Amplifiers (INA128) 3
Negative Power Supply 1
(LMC7660IN)
Counter (74ALS161BN) 1
2 input ANDs (SN74LS09) 3
Capacitors -
Arduino Shield 1

4.3 Grand Total

Section Total Cost(USD)
Labor $39,375.00
Parts $272.65

Total $39,647.65

Neuro-transmitter
(EEG) Interface System

Total Hours Invested

150
150

150

Cost (USD)
$14.00

$10.00

$20.00
$17.13
$1.39
$4.23
$21.75

$0.98

$4.00

$6.00
$20.00

$25.00

Item
MOSFET(FQP47P06)

LDO Voltage
regulator(NCP7805TGOS)

2 input ORs (SN74LS32N)

2 input NORs (SN74LS402)
Seven Segment Display Driver
Seven Segment Displays
PCBoard

Operational
Amplifier(OP497FPZ)

Comparing Amplifiers
(LM741CN)

3input ANDs (SNLS4711)
Inverter (SN74LS04)

Arduino Uno

16

Total = (Hourly Rate)*2.5*(Total Hours)

$13,125

$13,125

$13,125

Quantity Cost (USD)

1 $2.26
1 $0.49
1 $1.20
1 $1.50
1 $1.50
2 $3.50
3 $60.00
1 $12.22
2 $2.50
1 $1.50
1 $1.50
1 $40
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V. Conclusions

5.1 Executive Summary

Accomplishments: A significant accomplishment of this projectis the impedance verifi cation system
whichisfully able to detect sensorimpedances and alerts the userif the impedance values are above
the threshold at which accurate data collection can be assured. The system also allows any sensorto be
checked by simply pushingabutton the sensornumberdesired to be seen. The countnumbersarein
decimal so any usercan tell what numberthey are lookingatand thus what its corresponding
impedanceiis.

In addition, we were successfulin making areliable power supply system that protects fromreverse
voltages, regulates voltages out, and includes a negative supply rail forthose chips thatare dual supply.
We were able toalso have a 10,000 gain amplifier working to amplify the microvolt brain wave signals,
and a robust 8" order low-pass Butterworth filter that significantly attenuates signals with voltages
above 50 Hz. We also have the Arduino accurately datalogging the inputit obtains from the filterand
writing that data to an SD card that can be read at a latertime.

Uncertainties: There are some uncertainties with regard to the final functioning project. There is some
uncertainty as to if 50 Hz is the correct frequency at which the filter should be attenuating. The reason for
this is that one sensor output through the amplifier and filter to the Arduino data collector works as
intended, but when the Mux cycles through all twelve channels the output signal looks distorted. It would
seem from the data that since there are 12 sensors and the Adruino is sampling at 500 Hz, 10 times high
than max signal of interest sample rate, that the 50 Hz frequencies would appear as 500 Hz frequencies
and so the low-pass frequency of the filter should be changed. This was something no one noticed until
the final design test and is something that would need to be researched and addressed in future work.

There are also some uncertainties with the calculation of baud rate and how that is best optimized to
the Arduino system we are using with the types of signals that we are looking at. Inaddition, the
Counterforthe MUX in the Arduino appearsto function correctly, but with issues of all 12 sensorsinput
beinginput causes distortion to the signal to the Arduino, the duty cycle of the MUX may notbe
sufficientforthe signal delays usedin the system. Thus both the delay and corresponding duty cycle of
the Arduio for the counter of the MUX and the filter could be contributingtothe problem and both
needtobe investigated more.

Future Work: There are some addition work that we would like to see done with the project that would
make the design more robust and fully functioningasintended. The firstis a comparatorused on the
powersupply thatwill alertthe user when the battery voltage drops so low thatthe linearvoltage
regulatorisno longerregulatingto 5 volts, butinsteadis acting like aresistor. Thiswould help the user
to ensure thatthe have enough powerto have the device collect accurate data and not possibly damage
any internal circuitry. Also, as mentioned previously, thereare some question about 50 Hz beingthe
desired frequency of the low-passfilterinstead of ahigherfrequency. Thiswould need to be researched
more thoroughlyand once a correct frequency was found I redesigned filter would need to be builtand
replace the currentfilter. This would most likely require only changing the resistor and capacitorvalues
inthe fourstages but it would take time to make sure these changes will led toimproved performance
and that the new filterworks reliably. In the same vein of things, more research into baud rates and
time delays would need to be looked atand optimized for the overall device to work optimally as
intended.
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Due to timing constraints from testing to get the instrumentation amplifier to work amplifier thatis used
in both the amplifierand the instrumentation verification system, we wereunableto get these section
onto printed circuit boards for the demo. We are in the process of creating the pcbs, and gettingthe
components towork on them and hope to complete that soon. Naturally, once thisis completedthe
housing forthe entire device would be constructed.

In additionto creatingan enclosure, one could expand upon the Ethernet part of the shield and possibly
designaway to logdata to a cloud system. The shield attached to the Arduino contains Ethernet
featuresthat can become wireless, allowing the userto record data both on an SD card forbackup along
with the possibility of logging the datatoa cloud.

5.2 Ethical Considerations

We ensure that we continue to abide to the following standards from the IEEE Code of Ethics [2]:

1. “to accept responsibility in making decisions consistent with the safety, health and welfare of the
public, and to disclose promptly factors that might endangerthe publicor the environment.”

We are working toward creating a safe and affordable EEG that would be conducive with current health
and safety standards. Ourfinal device depends on the safety of the individual, since the dataitselfis
useless withoutthe individual trusting the device.

The impedance monitoring portion of the project contains a sensor to skin contact impedance reading
systemthatsends currentthrough the sensors applied to the heads of our users. Safetyis crucial to a
device thatisinterfacing with the human brain. Limitations on current are essential to the health of the
user. There are serious consequences associated with ignoring the amount of current sent through the
human body, which include pain, paralysis, and possible death. The health and safety of ourusersis of
the utmostimportance. The low linearvoltage regulatorand PMOSFET reverse polarity protectorwere
also chosen specifically toreduce power dissipation of heatinto the patient.

7. “to seek, accept, and offer honest criticism of technicalwork, to acknowledge and correcterrors, and
to credit properly the contributions of others.”

Ryan May and otherinstructors/professors are offering their wisdom to create the most efficient EEG
that our group can produce with ourlimited budget. Kyle Mathewson, a post-doctoral student studying
neuroscience atthe Beckman Institute, serves as our group’s point-of-contactin understanding how the
EEG device properly functions. Working together as a team, we will critique each other’swork to
produce the best possible product. Honesty between our group members during peer critique is always
the best policy.

9. “to avoid injuring others, their property, reputation, oremployment by false or malicious action.”

Focusing onsafety, we wantto make certain that our product does not harm anyone involved. We must
constantly reiterate that the safety of oursubjects will be the primary goal throughout this process. We
alsoplanon ensuringthe safety of the sensor cap we plan on using, whichisinfact, not our personal
property. Otheritemsborrowed during the semester, including ourkits, devicesin the labs, and power
supplies, will be taken care of. They are not ours and we promise toact ina responsiblefashion.
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VII. Appendix A: Impedance Design

These are schematics thatare used for the impedance verification design.
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Figure A-1: Simulation of impedance verification with input 10 kohm.
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Figure A-2: Simulation of impedance verification with input 25 kohm.
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Figure A-3: Simulation of impedance verification with input 40 kohm.
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Figure A-4: Design schematic of counter system within impedance verification.
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Figure 3: Design schematic of sensor selection, amplifying, and comparing within impedance verification.
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VIIIL. Appendix B: Power Supply/ Amplifier /Filer Simulations
PowerSupply:

In orderto properly testour powersupply priorto building, we used software called Cadence that
helped us simulate the isolated parts of our powersupply. The testing was done intwo states:

Unbiased Reverse Polarity Protection module
Biased Reverse Polarity Protection module

By testingthese two areas, we can effectively test the two modules of our Power Supply system, namely
our lineardropoutvoltage regulatorand our reverse polarity protection circuit. In testing our reverse

polarity protection circuit, we used the circuitin figure 16to demonstrate that circuitindeed blocks
against negative voltage.

Figure B-1: Unbiased reverse polarity protection current.

Upon closer examination of the graph, we can see thatthere is no current before 0V, thus
confirming our hypothesis that ourreverse polarity circuit works. In order to verify its efficiency, we bias
our In orderto properly testthiscircuit, we generated an IV graph that measured the steady rectified
state:
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Figure B-2: Biased reverse polarity protection current.

As one can see, the slopeiszero, soa constantcurrent is being emitted across avariety of

voltages confirming asteady rectified state.
MOSFET circuit with 30 mA.

Amplifier:

g

INA13E, AT

Figure B-3: INA128 amplifier.
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Figure B-4: Simulation of time response of differential instrumentation amplifier.

The simulation shows that dcoffsetinputsignal, dcoffset being 220 mV from the sensors [4] will have
the one sensorwith the microvoltsignal we wantand the othersignal will be justthe dc offset with
some noise. Note:the blue and purple signals are too close to tell apart because of the large dc offsetin
the simulation, but can easily be differentiated when one looks at the ac time sweep on the next figure.
The purple signal is the noise value, the blue signal is the sensorinformation we want, and the yellow
signal shows the output amplified brain wave voltage signalthat we want to have with the appropriate
10,000 gain.
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Figure B-5: Simuilation of AC response of differential instrumentation amplifier.

And thissimulation beingan ACsweep more clearly shows the difference in noiseand the signal we
want, same color scheme as before with purple as noise, blue as the signal, and yellow as the amplified
results. Thus again we see the amplified signal at 10000 gain and that the gain remains the same over
the entire frequency band.

Filter:

The idea of these simulationsisto show why the filter system needed to be made much more
complex with more hardware than what we thoughtthere would be at firstin orderto getthe needed
flatband passresponse thatis needed. The first filter simulation shown below is the frequency response
for a simple 2nd order band-pass. This clearly shows alot of attenuationinthe pass-band and very large
transition bands.
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Figure B-6: 2nd order bandpass.

The next step was to take the simple bandpass filter, and take it from a second order system to
afourth order system. The resultis shorter transition bands, but also more attenuation overthe entirety
of the pass band showninthe simulation below.
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Figure B-7: 4th order bandpass.

Next, we simulated what would happenif we had justthe fourth orderlow-passin place since
filteringoutthe 0.16 Hz is notthe mostimportant feature of the filter since we will use a differential
amplifierimplementation to remove neardcnoise. The 4th order low-passis showninredbelow and
clearly showsashortertransition band at the cost of more attenuationinthe pass-band.
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Figure B-8: 4th order bandpass in green and a 4th order low-pass.

Thus itbecame clear that simplyincreasing the order would not give the desired result of avery
flat pass band. Only a filter with weighted poles designed to give a flat pass-band would work and that is
the very definition of the Butterworth filter. The Butterworth filter response is shown below in yellow.
Alsoabode plotisincluded. From bothitisclear to see, the 8th order band pass Butterworth givesa
very flat pass band and very sharp transitions. Itis far superiorto the previous methods used with its
very flat pass-band and very sharp transition bands.
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Figure B-9: In yellow, an 8th order bandpass Butterworth.

Figure B-10: Figure 9 in log scale.

Now this designis good, but with the instrumentation amplifier in use we will nolongerneed to
worry about filtering out the dc component which then means we can just use the low pass part of the
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filter. The final filter designin use currently is an 8th orderlow-pass Butterworth filter designed to
attenuate signals above 50Hz . This give the following bode plot.

Figure B-11: 8th order Butterworth lowpass in log scale.
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Design Schematic:
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Figure B-12: Amplifier, filter, power supply schematic.
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IX. Appendix C: Arduino Appendix
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Figure C-1: MUX counter least significant bit.
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Figure C-2: The A/D conversion with an input of 2V power supply.
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Neuro-transmitter 34 Fall 2012
(EEG) Interface System



X. Appendix D: Verification Tables

Impedance Verification System

Performance Requirement

Verification Procedure

1. Manual input switch
should change the selected
sensor.

1. Press tactile push button and verify visualized sensor on
binary LEDs.

Result:

This verification passed. This verifies that our systems clock
can be controlled by the user.

2. Counts properly. Starts at
0 and resets at 13.

2. Flip switch through sensor numbers. It should reset after 13.
Result:

This verification passed. The system can count through the
sensors (0-13) and reset properly.

3. Comparators show correct
outputs for these 5 inputs:

a) 16 kohms

b) 24 kohms

c) 27 kohms

d) 36 kohms

e) open circuit (>Mohms)

3. Outputs are displayed on LEDs that correspond to less than
20 kohms and less than 30 kohms. LEDs light up if condition
isn't met.

< 20 kohms < 30 kohms

a) No LED a) No LED

b) LED b) No LED

c) LED c) No LED

d) LED d) LED

e) LED e) LED
Result:

This verification passed. The system as a whole can handle
varying impedances and accurately depict where they lie.
Warning lights (LEDs) appear when the conditions aren't met.

4. Current through the 200
Mohm resistor should be:
a) 22-27 nA

b) regardless of sensor
impedance

4. If system works as a whole, these are verified.

a) Current will be measured with an ammeter across the 200
Mohm resistor.

b) Current will be measured with an ammeter across the 200
Mohm resistor when impedance changes.

Result:

This verification passed. Because the system worked as a
whole, we can assume the current does what we expected.

5. MUXes and DeMUXes are
wired correctly.

5. If system works as a whole, this is verified.

LEDs will be placed on each input resistance line. Changing
the selected input sensor will light up the corresponding LED.
Result:

This verification passed. Because the system worked as a
whole, we can assume the MUXes and DeMUXes are properly
wired.
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6. Negative power supply
provides -4.5- 5 Vdc.

6. If system works as a whole, this is verified.

A voltmeter will be used to read the output of the negative
power supply.

Result:

This verification passed. Because the system worked as a
whole, we can assume the voltage outputted is what we expect
it to be.

7. Amplifier multiplies by
4500-5000 V/V.

7. If system works as a whole, this is verified.

A voltmeter will be used to read the input and the output of the
amplifier with sensor 0O selected.

Result:

This verification passed. Because the system worked as a
whole, we can assume the amplification is what we expect it to
be.

8. Seven Segment Display
correctly displays the
selected sensor number in
decimal.

8. If system works as a whole, this is verified.

User will switch through the 14 sensors and read off the 7
Segment Displays.

Result:

This verification passed. Because the system worked as a
whole, we can assume the voltages across the impedances
were amplified correctly as they needed to be compared to
hardcoded values.

Amplifier

Performance Requirement

Verification Procedure

1. Total Amplification Gain
10000 +/-30% total Gain

1. Total Amplification Gain

We will test this performance requirement by sendinganinput
voltage from the function generator of 0.0001 volts peak to peak
and measure the output voltage with the oscilloscope. Specifically
the input Vpp and output Vpp will be displayed on the oscilloscope
and compared. A resulting voltage of 1volt+/- 30% will show the
correct amount of gain, 10000, while any othervalue willindicatea
flawed amplification stage.

Result:

Verification passed. With 0.0001 volts peak to peakin, 1.25 volts
peakto peak was the output whichis within the tolerances.

2. Frequency Response of
Amplifier Circuit

The gain of the circuit must stay
constantfrom the range of 0 to
50 Hz the frequencies that we
will be analyzing.

2. Frequency Response of Circuit

We will test this performance requirement by sendinganinput
voltage from the function generator of 0.0001 volts peak to peak
and measure the output voltage with the oscilloscope. Specifically
the input Vpp and output Vpp will be displayed on the oscilloscope
and compared. We will thenvary the frequency of the voltage wave
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from zero to 60 Hz. We will check that the output voltage stays
around 1 volt+/- 30%, especially fromthe Oto 50 Hz range. As long
as the voltage does not go above or below 30% over those
frequencies from 1volt, thenthe test will pass.

Result: The verification passed. The output voltage peak to peak
stayed within the 30% tolerance of 1Vpp for the entire 0-60 Hz
range

Filter

Performance Requirement

Verification Procedure

1. Frequencies above 50 Hz
attenuated.

1. Frequencies above 50Hz attenuated.

Thiswill be tested by sendinga 1 volt waveform from the function
generatorat a frequency from 60 Hz +/-2 Hz to the input of the
filter. An oscilloscope will measure the outputvoltageand the
verification will passif the output voltage peak to peakis 0.5 volts
orless.

Result:

This verification passed. At 60 Hz the output signal is attenuated to
400 mV or 0.4 volts peak to peak which isthe correct functionality
desired.

2. Frequencies from 0 to 50 Hz
passed with equivalent gain.
Frequencies above O0Hz and
below 50Hz needto be passed
with almost uniform gain.

2. Frequenciesfrom Oto 50 Hz passed with equivalentgain.

This will be tested by sendinga 1 volt waveform from the function
generatorat frequencies sweeping from OHz to 50Hz +/-0.2 Hz to
the input of the filter. An oscilloscope willmeasure the output
voltage and the verification will passif the output voltage peak to
peakis1 volt+/- 30% through 80% of all the frequencies.

Result:

The verification passed. From zero to 40 Hz the outputvoltageis 1
volt peak to peak. From 40 Hz to 50 Hz the signal drops to 0.8 volts
peakto peak especially the closerto 50 Hz that one gets. Thisis still
within the tolerances acceptable and thus the verification passes.

Power Supply

Performance Requirement

Verification Procedure

1. 5 volt LDO powerregulation
We needthe powersupplyto
compensate forvoltage
fluctuations. Inorderto
properly maintain asteady
voltage between4.7-5.3V, we
must have a consistentcircuit.

1. To test thisfeature, we will input a set of voltages ata variety of
different voltages from 6-12 volts to the LDO and measure the
outputvoltage onthe oscilloscope. Correct functionality will show
these voltages regulated downto 5 volts +/- 30%

Result:

The verification passed. The input voltages varied from 6-12volts
will give output voltages of 4.8 volts which is within the prescribed
tolerances.
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2. Reverse Polarity Protection
The circuitry of the entire
powersupply needstobe
protected fromincorrectly put
batteries. zero.

Result:

2. Reverse Polarity Protection

Thiswill be verified by putting reversevoltageto a p-mosfet
protection circuitry and measure the outputin an oscilloscopewith
a voltage value close to zero volts.Close being +/- 0.3 volts from

The verification passed. Reverse voltageleads to -0.088 volts
output of the protection system whichis within the tolerances.

3. Negative powersupply of -4
to-5volts

Thisis neededto operate the
amplifierand the op amp used
inthe filter

Result:

3. To testthis feature, 5volts will be putinto the switched
capacitor inverterand the output will be measure onan
oscilloscope with correct functionality to be -5volts +/- 30%.

This verification passed. Input of 5voltledto -4.7 volts output. Thus
thisis within the tolerance and the verificationis met.

Arduino

Performance Requirement

UTC to RTC time

We need to convert from the standard
Universal Time Counter to Real Time Counter
in order to have a time that saves the data in a
format that we understand.

MUX Binary Counting

In order to have the MUX count in
appropriate manner, we need to make sure that
the four signals sent from the Arduino ports
A2-AS5 are properly counting from 1to 12 in
binary
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Verification Procedure

UTC to RTC time

We will input a constant signal at 30mA into
the Arduino to see if the signal is being
properly time stamped on to the SD card. We
will verify if this is correct by plugging in the
SD card on to one of our laptops and
examining the information.

MUX Binary Counting

To test this we must set up four LEDs to
verify that the Arduino is indeed sending the
correct four signal sequence for each count to
the MUX. To verify, we will do the following:
1) Arrange four LEDs vertically aligned with
one end connected to ground and the other
connected to a horizontal row that has a wire
connected to one of the ports A2-A5.

2) Down press the red LED button on the
Arduino and watch the LEDs increment in a
four bit binary count from 1to 12
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MUX Counter Rate

In order to properly increment the MUX
SELECT bits, we must confirm that the rate at
which the MUX is counting is one binary
number every 600 milliseconds.

MUX Voltage Requirement

In order for the SELECT bits to be read, the
input signal into the SELECT port must be
between 0V-3.5V.

SD Card Clock Rate

Neuro-transmitter
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MUX Counter Rate

This rate (1 binary count/600 milliseconds) is
very difficult to verify with a pair of eyes and a
stopwatch, so the verification procedure
implemented would be the following:

1) Take a wire where one end connects to an
oscilloscope and the other is a banana wire
split

2) Plug the black wire into the Arduino board
ground while placing the red wire into the
lowest binary bit port (A2).

3) This lowest port represents the binary 2”°0.
Out of the decimal to binary count 1 through
12, this port is set to HIGH once every two
numbers that are counted. If we are
incrementing the binary rate, this should have a
frequency of HIGH every second.

4) Now to check the second port (A3). This is
272 and will be set to HIGH six out of the
twelve number count or 1 set every 0.1 seconds
(same as port A2 tested in step 3). We test this
port since it is individually set.

5) Moving to A4, the second most significant
bit, this is set five times every twelve number
count. This frequency should be set at 1/0.12
seconds or set HIGH at a frequency of 8.33
times/second.

6) The most significant bit A5 is set to HIGH
five times every 12 count. This is the same
frequency as A4, 8.33 times set to
HIGH/second.

MUX Voltage Requirement

Set the counter to ON by down-
pressing the red reset button on the Arduino
board. Take a voltmeter and parallel connect it
to the first port (A2), checking to see if the
voltage reading does not exceed 3.3-3.5V.
Repeat this with each port A2-Ab.

SD Card Clock Rate
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The clock rate for the Atmega328, the
processor that the Arduino board is built on,
must have a set CPU (Central Processing Unit)
frequency of 2.0 MHz.

SD Card Synchronization

We need to see that the data being written to
the SD card makes sense from the input data
we are sending with the MUX
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To verify the CPU clock rate, we need to first
understand how the Atmega328 works with the
Arduino. The Atmega328 has a port called SPI
(Serial Peripheral Interface). We set the SPI
Control register bits 1 and 0 to HIGH and set
the SP12X to HIGH by setting bit O in the SPI
Status Register to HIGH in order to get
2*1.0MHz clock rate. We set the port 11 to
F_CPU, the frequency of the CPU or as we
know it the clock rate for processing the data.
We connect a wire with one end to an
oscilloscope and the other with banana plugs
(black to ground and red to port 11 in the
Arduino board). Rate should appear 2.0 MHz,
with a 0.02 fluctuation.

SD Card Synchronization

To verify this synchronization, we will do the
following:

1) Insert the SD card into the Arduino slot
2) Print one signal every 0.166 ms, therefore
allowing each set of signals processed to
alternate which of the 12 signals will represent
the timestamp for that specific instance. For
example, if we run the counter 1 through 12
signals in 1.99 ms, signal 11 will get printed to
the SD card since the processing delay is 0.166
ms. During the next 12 count cycle, signal 10
will get printed to the SD card.
3) To verify this data against the voltage
signal, we will input a constant 5V from a
power supply for all 12 signals and have the
Amplifier and Filter circuits connected serially
between the 1V power supply and the pin
signal input for the Arduino that we want to be
printed to the SD Card. The printed voltage
should be 2V.
4) To check the SD card, we will plug the SD
card into the SD card reader connected to the
computer.
5) Open up the text file created by the
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Arduino and check the data printed to the SD
card.
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