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ABSTRACT

The purpose of our project is to provide an alternéive way to control the basic operations of a
television. This would be useful for those with pysical disabilities who may not have full
functionality of their arms.

The user will be able to operate a universal remoteontrol using an electro-oculogram (EOG) to
amplify the voltages generated by their eye movem&n These voltages will in turn drive the
remote.

The basic setup of our project is to have 4 electdes attach to the skin of the user. These are
connected to the inputs of multiple operational amlifiers that are placed in series to obtain the
correct output voltage. The outputs of the ampliers are then connected to the remote between
diodes that act as switches.
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1. INTRODUCTION

The basic setup of our project is to have 4 electdes attached to the skin of the user. These are
connected to the inputs of multiple operational amiifiers that are placed in series to obtain the
correct output voltage. The outputs of the amplifers are then connected to the remote between
diodes that act as switches. These switches widit&wate the remote when the person is looking
right to left (channel up), left to right (channeldown) and up and down (power).

1.1 Purpose

We used our knowledge of biomedical instrumentatiodesign a project that provides an alternative
way to control the basic operations of a televisidhis would be useful for those with physical
disabilities who may not have full functionality thfeir arms. The user will be able to operate a
universal remote control using an electro-oculog(B@G) to amplify the voltages generated by their
eye movements.

1.2 Specifications

Because we are using an EOG signal, the frequetysdbiological component ranges from 0.1 Hz to
38 Hz. Due to this fact, we originally designelda-pass filter with cutoff frequency of 45 Hz.

In order to receive a viable signal from the EOBa{ typically produces 5 mV) this signal was fed
through a series of amplifying circuits. Eachlodde circuits used the same gain equation (Equation
2.1) to determine the amount of amplification.

1.3 Subprojects

Our design was broken into two separate modulé® two we implemented are listed below.

1.3.1 EOG module

The EOG module consisted of 3 AD622s in serieshiferhorizontal eye movement and 2 AD622s in
series for the lateral eye movement. The signalavaplified accordingly using the gain equation
(Equation 2.1). This output was then fed intodime module.

1.3.2 Diode module

The Diode module consisted of 2 1N749 diodes (4.80vinected between the EOG and the remote to
act as switches for shorting out the contacts deto activate the remote.



2. DESIGN PROCEDURE

2.1 Electrodes

The electrodes were used to obtain the voltage flenuser's eye movements. Most electrodes have a
gel that is used to lower impedance at the junatiaime skin and electrode contact as well as an
adhesive that is used to bind the electrode tskire The electrodes that we used (generouslyigeov

by Professor Raymond Fish) combined the two substawhich is why the electrodes that we used
were so small and thin. This provided problemsahee since the gel and adhesive were combined, the
contact to the skin could not withstand the weigftthe alligator clips that were used to transiier t
voltage to the EOG circuit. A recommendation el study would be to use stronger electrodes that
do not combine the gel and adhesive.

Also, movement of the user's head affects the oéfisthe voltage. We believe this is because the
movement alters the electrode's position on the aikd therefore changes the impedance of the
electrode-skin interface. The solution for thiswebbe to use stronger electrodes, as mentioned
previously.

2.2 EOG Circuit

The outputs of the electrodes were put into twe e€bperational amplifiers. The output of thetatly
placed electrodes was placed into one series olif@rgpand the output of the vertically placed
electrodes was placed into another series of amwdif To differentiate between looking left tolrig
and looking right to left, we placed a differentahplifier at the end of the first series of opienal
amplifiers.

Originally we had a low-pass filter after the fiAdD622 that had a cutoff frequency of 45 Hz. We
omitted this filter from the final schematic becailse amplifiers reduced any significant noise.y An
resulting noise was trivial and did not affect behavior of our circuit.

2.2.1 Background of the EOG

The eye acts as a dipole, with the cornea beingiy®and the retina being negative. The EOG picks
up the slight voltage generated by eye movementarglifies it to a useable voltage. We are
measuring the voltage when the eyes move horidgraad vertically. The EOG does not pick up
torsional movements. When a person blinks, thessenove upwards, creating a voltage. We want the
voltage created by that blinking to turn the remmteand off, while the horizontal eye movements
control the channel buttons.

All frequency content of the EOG is within 0.1 &38IHz.



2.2.2 Gain of the EOG Circuit
The equation that we used for the gain of each@fimplifiers is as given in the data sheet:
Gain =1 + 50.5R/Ry (2.1)

Using this equation, we found the gains for theg¢hamplifiers for the horizontal EOG, and the two
amplifiers for the vertical EOG. The gain of teerting amplifier was kept at unity gain.

2.2.3 Output of the EOG Circuit

The resulting voltages out of the vertical and ramtal EOG circuits were around 4.3V, depending on
the position of the eyes. When the eyes move Bw@ to side, the voltage would go above 4.3V, and
would remain below 4.3 V when the user is lookitrgight ahead.

2.3 BJT Circuit

In our original design, we thought that currenbitite remote was going to be an issue. Therefare,
added BJT transistors after the EOG amplifyingwtrto amplify the current to whatever the remote
control required. The output of the EOG wouldtflrave to turn on a 4.3 V diode, which would achas
switch when the user looks left/right or up/downd @hen the BJT would amplify the current out @ th
EOG circuit.

After testing the remote, we decided that the Bddud was not needed, and was left out of ourlfina
design. The actual current flowing through the eggtwas about 6 pA, which is negligible for our
purposes.

2.4 PIC Microcontroller

We had originally designed our circuit to also adelC microcontroller because we thought that the
remote could be controlled by blinking rapidly teicThis would have introduced a time-dependent
module in our circuit. Ultimately we decided tlantrolling the remote in real-time would be more
practical. Also, the amplifiers in the circuit dgéd the voltage signal slightly. Blinking twicewd
have been difficult to detect.

2.5 The Remote Control

The circuit underneath the buttons on the remotgrobis shown in Picture D.5 (All figures and
pictures are listed in the Appendix). From testimg remote, we determined that the action of jprgss
down the button shorts the two contacts on thautibmard. This action also generates a voltage
potential between the two contacts of 3 V. So eeded a circuit to do the same thing between the
EOG amplifier and the wires attached to the costantthe remote control. Using the same idea from
the discarded BJT circuit, we decided to use 4d0des as switches.



2.6 The Diode Circuit

The requirements for this circuit was for the twwes that connect to the remote have to be
disconnected to each other for an EOG output veltddess than 4.3 V (the user is not looking ® th
left or right), and the two wires should be shoffieda voltage greater than 4.3 V. This will acthe
same manner as pressing down on the button oethete. So, at the output of each of the EOG
amplifiers (horizontal EOG, inverted EOG, and v&atiEOG) the circuit shown in Figure B.4 was
added.



3. DESIGN DETAILS

3.1 EOG Circuit

The placement of electrodes for maximum voltag@uwius illustrated in Picture D.1. From this setup
the wires from the electrodes were used as thesrputhe vertical and horizontal EOG amplifying
circuits, as seen in Picture D.2 and Picture D\& used AD622 operational amplifiers to boost the
voltage to a useable value. To differentiate betwleoking from right to left and looking from leti
right, a LM741 differential amplifier was placedthe end of the horizontal EOG circuit. This outjsu
separate from the original horizontal EOG and dodke “channel down” button. The non-inverted
output from the AD622 goes to the “channel up” butt The output of the vertical EOG amplifying
circuit goes to the “power” button.

Originally, we had a low-pass filter that was tduee noise picked up by the wires going from the
electrodes to the EOG circuit. The filter was &odver the second amplifier in both horizontal and
vertical amplifiers as shown in our original schéimaigure B.1. The equation that we used togfesi
the filter is as follows:

fe=1/[2*t*R*C]
We chose our cutoff frequency to be 45 Hz, so déselting resistor and capacitor values were 182 k
and 0.22uF.
3.1.1 Gain of the EOG Circuit
The next step in the design process was to chbesgain of the amplifiers to give us the corredtage
to the diode circuit. The gain of the AD622 openadl amplifier was given by this equation in treal
sheet:

Gain =1 + 50.5R/Ry

Ry is defined as the value of the resistor betweas piand 8 on the AD622.

First AD622| Second AD622 Third AD622
Gain 15.6 99 2.1
Ry 3.56 K 560Q 50 kK

This gives us a total gain of 3,243.2. The filsg(re C.2) and second amplifiers (Figure C.3) were
used to raise the voltage to roughly the rightagét we needed , and then the last amplifier wad tase
fine tune the voltage (Figure C.4). The reason tilnge amplifiers were used was because althowgh th
amplifiers have the capacity to amplify a signataid000 times, but a more practical gain is legst

100 times. Having a lower gain value ensures fasttling time, which is important in real-time
applications like this project. Figure C.8 shoWws settling time of the AD622 amplifier.

We chose the gain of the inverting amplifier toumity because all we needed for it to do was intrest
output. No extra gain was needed.

The vertical electrode voltages were found to behlmarger than the horizontal voltages. For that
reason, only two amplifiers were needed. The t@sces that we used and the resulting gain are as
follows:



First AD622| Second AD622
Gain 10.9 99
Ry 51k 560Q

This gave us a total gain of 1097.1. As one canthes gain is 0.338 the times of the horizontalGe
circuit.

3.1.2 Output of the EOG Circuit

The resulting voltages out of the vertical and ramtal EOG circuits were around 4.3V, depending on
the position of the eyes and head. Figures C.5Ca6dllustrate the range of voltages that can be
expected out of the EOG circuit. When the eyeserfoym side to side, the voltage would go above 4.3
V, and would remain below 4.3 V when the user aking straight ahead. The change in voltage i8 3.1
V for the horizontal EOG and 0.938 mV for the veatiEOG.

3.2 Remote Control

For the core of our project, we used the One Fi&® Alniversal Remote Control. The circuit board on
the inside is shown in Figure D.4. A layer of asdldering material (seen as the black substance
covering the contacts) had to be carefully remdweeekpose the contacts for “channel up,” “channel
down,” and “power” (Shown by Figure D.5 and D.&)or clarification for the aforementioned Figures,
the button labeled “S05” is “channel up,” “S06™&hannel down,” and “S02” is “power.”

When the button is pressed on the remote, the dntacts underneath the button would be shorted.
From testing the remote, we determined that the@agelacross the two contacts was a constant 3 V.
The oscilloscope readout of the remote while the ¢antacts are shorted is shown in Figure C.7.

Some challenges that we encountered while tedtmgamote were the anti-soldering material and the
thin contacts. The anti-soldering material mad#fftcult to solder any wire to the board, but

scratching off the material put the thin electricahtact at risk. We were not able to get any svire
soldered onto the board, but holding two wiresh®remote had the same effect. Recommendations for
future projects would be to use thinner wires anidi fibles in the board for more support for heavie
wires.

The wires on the remote are connected to a diadaigiwhich is the interface between the EOG and
the remote’s circuit board.



3.3 Diode Circuit

The requirements for this circuit were that the tmices that connect to the remote have to be
disconnected to each other for an EOG output veltddess than 4.3 V (the user is not looking ® th
left or right), and the two wires should be shoffieda voltage greater than 4.3 V. Essentiallg, diode
circuit will act as a switch between the EOG areldmote control. The diode that we decided to use
was a 1N7498 4.3 V diode. When the EOG meetgdmsirements, the remote will operate in the
desired way. The schematic of Figure B.4 shows#we circuit that was used in place of the original
BJT circuit. The reasoning behind the design & then the EOG is greater than 4.3 V, the diode ac
as a short. This will also short the diode thaiasates the two wires that connect to the remadté;iw
will essentially act like the button was being degzed.



4. DESIGN VERIFICATION

The test that would determine if our project workeak that the LED on the remote would light up
when the EOG voltage was greater than 4.3 V. Tohiswould signify that the appropriate signal
would be sent from the remote control.

4.1 Testing

We wanted to test three major parts of the desigjegt. We required the EOG circuit to be robuost t
60 Hz noise, and the signal also has to be uséglilee remote. The interface circuit from the E@G
the remote also has to output the right signahéorémote given correct output of the EOG. Alse, w
tested the effect of offset from the electrodeslamd it would affect our project.

4.1.1 Filter

The filter that we added to our EOG circuit wasist ja resistor and capacitor in parallel with tbeond
ADG622 in both the horizontal and vertical EOG citsu We tested the behavior of the circuit with th
oscilloscope and found that the filter wasn’t nseeg. The amount of noise that was carried in the
EOG signal was much smaller than the voltage swingn the user looks sideways or up and down.
For example, shown in Figure C.4 is the outputefthird amplifier in the horizontal EOG circuithe
effect of noise can be seen, but the voltage diffee from looking to the side is much greater than
noise. Ultimately, the AD622 amplifiers providegoeigh filtering for our project.

4.1.2 EOG

We tested the output of each amplifier for the ramtal EOG to test the affect of noise as welhas t
gain. Figure C.1 is the raw signal taken fromelextrodes. When testing with the oscilloscope, th
differences in voltage from looking around were ptetely obscured by noise. After running the raw
signal through an AD622 amplifier, the signal wksaned up considerably and differences of voltage
were easier to see (Figure C.2). Figures C.3 aAdlkbw the gradual progression of the circuit to
obtain voltages that can be used to drive the rem®he outputs of these amplifiers give the cdrrec
signal voltages to the remote. These amplifiedagwould have to be sent through an interfaciitir
before powering the remote.

4.1.3 Diodes

The schematic of the diode circuit, which actshasimterface circuit, is shown in Figure B.4. When
testing the remote, we found that the voltage needes 3 V (Figure C.7). The effect of the diode
circuit would be to short the wires. We testeddineuit to make sure that it would turn on the LBD

the remote. When we hooked up the EOG to the retodiest, the LED did turn on, so we were happy
with the results of our diode circuit.

4.2 Conclusion

The separate modules performed within our specg@admeters and we were able to combine them to
get a working project.



5. COST
5.1 Parts

The cost of our project’s parts was minimal comgawéh the cost of labor. The most expensive
components of our project were the instrumentadimiplifiers. The second most expensive part of our
project was the remote (see Figure E.4), but elvandost can be minimized if one were to build a
remote from scratch with limited functionality. &lthird most expensive item was the electrodes
(Figure E.1), but the electrodes that we used @resf the cheaper brands. One trades quality with
price with electrodes. A sturdy, functioning EQ@ttis robust to movement will require more
expensive electrodes. The total cost of this pttggarts was $79.90.

5.2 Labor

We estimated our future salary to be $50 an h@Qur original estimate of 180 hours was fairly
accurate. The majority of those hours were spettie lab and not on the design process. Thedjulk
the time spent in the lab was fine tuning the EQ@@ive us the correct output. We were able to work
together on most of this project, so the hoursefooh partner were very similar. Using the equation
below as the formula for estimating cost, the latmst for our project was about $22,500 per person.

Ideal salary (hourly rate) x actual hours spentSx=2Labor cost
This added together with the cost of our partsgivethe total cost of our project. The total afsiur

project is estimated to be $45,079.90. The nurobanits that would have to be sold of this project
order to recover the research and developmentfeakl be 563.



6. CONCLUSIONS

After finally overcoming many difficulties, we endl@p with a working product. The EOG signal was
strong enough coming through the op-amps and tiaediwere working correctly. The led light up
after the subject looked either right to left, leftright or up and down.

However, many things could have been improved Wi project. First, if we had obtained sturdier
electrodes, we would not have had to deal with nedrilie offset issues due to the alligator clipHipg
the electrodes away from the skin. Also if we kadwn how to solder better or better techniques for
holding down the wires, this would have eliminasatgle testing of the led and allowed for a better
demonstration of a working product.

Some further tests would like to have been donthisproject if time were available. First we waul
have shielded the wires coming from the electroaimsthe AD622 to remove as much noise in the
circuit as possible. Even though the amplifietefed out most of the noise, this additional fitig
could have helped us with better control of theage or signal strength. This would be usefubfitver
EOG projects that require greater accuracy of tiage. Additionally, we would like to test diffemt
combination of gains used by the AD622s. We wer@as if using a series of equal gains (32 for
example) would cut down on the signal time andvalfior faster data acquisition. If this were possib
blinks could have been implemented.

Some future modifications of this project coulddasily added. One consideration would be wireless
communication between the electrodes and the EOdulaatself. This would cut down on the noise
produced in the wires as well as improving theedffssues. Also we would like to use thinner gauge
wire to help with soldering issues. Alternativelye would build our own remote control with limited
functions (only power and channel up and downyigeson these difficulties.

The cost of this project was relatively inexpensivée only costly component was the instrumentatio

amplifiers themselves. If this project was to bessiproduced, these devices would be obtained at a
cheaper cost as well as a decrease in the amolaticmfneeded to produce the finished project.
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APPENDIX A — BLOCK DIAGRAM

Diagram A.1 shows the block diagram for our orige@sign. The internal blocks are independent
modules that were designed, expect for the pemsdneamote, which was obtained from Wal-Mart. In
our final design, the filter was removed becauseas deamed unnecessary.

‘ Ferson
Filter @
|—_|_:> ‘ EOG —
Amplifier '.-":I Remote

Diagram A.1 Block Diagram of Project
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APPENDIX B — SCHEMATICS

Figure B.1 is the schematic used for our origiredign. Figure B.2 is the schematic used for theahc
project. Figures B.3 and B.4 are the schematitek@EOG module and Diode module respectively.
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APPENDIX C — TEST DATA

Figures C.1 through C.4 show the voltage changesigih each additional amplifier, as well as theuinp
voltage across the electrodes. Figure C.5 shogvgdhage from subject looking right to left acrass
1kQ resistor. Figure C.6 shows the voltage from tigext looking up and down across &Xiesistor.
This was done to determine the current suppliethbyerson which could be in turn used to driveesom
sort of load. Figure C.7 shows the voltage behavidhe remote control when the contacts are slort
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Figure C.1Output of electrodes

Agilent Technologies
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Figure C.2 Output of First Horizontal Amplifier



Agilent Technologies

Figure C.3 Output of Second Horizontal Amplifier

Agilent Technologies

Figure C.4 Output of Third Horizontal Amplifier

-5 Agilent Technologies

Figure C.5Voltage across Xk resistor looking right and left
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Figure C.6Voltage across Xk resistor looking up and down

-4 Agilent Technologies

Figure C.7 Voltage across remote

1000
]
%100 4
w
=
=
E 10 —

Y 10 100 1000
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APPENDIX D — PICTURES

Pictures of the electrode placement can be seEigure D.1. Pictures of the circuit can be seen in
Figure D.2 through Figure D. Pictures of the rearxn be seen in Figure D. through Figure D.

Picture D.3 Overall Design



B Picture D.40One For All® Universal Remote URC-3021B00

Picture D.5 Remote contacts



APPENDIX E — PARTS AND COST

The parts and costs for the different modulesiated in Table E.1 through Table E.4. Each table
includes the part number, manufacturer, descriptiost, quantity, and total cost. The electrodesew
listed as a separate module for simplification pggs.

Table E.1 Electrodes

Part # Manufacturer Description Cost Qty Total Cost
EGECL5500 Kendall Kendall Q-Trace Gold 5500 $7.00 for 100 1 $7.00
Table E.2 EOG module
Part # Manufacturer Description Cost  Qtyotal Cost
25J500 OHMITE 500 OHM SVATT RESISTOR| $1.02| 1 $1.02
25J10R OHMITE 10 OHM 5 WATT RESISTOR| $.99 2 1.98
25J50R OHMITE 50 OHM 5 WATT RESISTOR| $1.81| 2 3.62
97-20K MCM ELECTRONICS| 20K-OHM 1/8W 5% CHIP RES $1.83 2 $3.66
4308R-1-332ND BOURNS 3.3K BUSSED SIP RESISTOR $.66 1 $.66
25J1K0 OHMITE 1K OHM 5 WATT RESISTOR| $.95 1 $.95
25J5K0 OHMITE 5K OHM 5 WATT RESISTOR| $2.62 3 $7.86
25J100 OHMITE 100 OHM 5 WATT RESISTOR $1.29 2 $2.58
AD622AN Futurlec AD622 $490 5 $24.5
UA741 Fair Child UA741 $.22 1 $.22
JK1 Graymark Wires — various sizes (box $13.9% $13.95
Table E.3 Diode module
Part# | Manufacture Description Cost Qty | Total Cost
IN749A | Fair Child 4.3V, 0.5W Zener Diode $.046 $.24
25J2.0K| OHMITE 2K OHM 5 WATT RESISTOR $.72| 1 $.72
25J1K0 OHMITE | 1K OHM 5 WATT RESISTOR $.95| 1 $.95
Table E.4 Remote
Part # Manufacturef Description Cost  Qtyotal Cost
URC3021| One For All®| Universal Remote $9.99| 1 $9.99




