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MECHATRONICS DESIGN AND MATERIALS
SELECTION

1. Structure alternative selection

1.1. Alternative 1

The alternative 1 is a structure similar to a serum holder. It consists of a mobile chair
base with a steel bar/pipe as an axis which holds the EEG machine and with a table on
mid stick to put a laptop on it. Fig. 1 shows a very similar idea but alternative 1 would

have a table instead of a basket.

Figure 1. Alternative 1 [1].

1.2. Alternative 2

Alternative 2 is a 2-floor structure with 4 wheels, a side basket and a mobile EEG
support. A better representation can be seen on Fig. 2 but considering that alternative

2 would not have the small shelf nor the keyboard space.

Figure 2. Alternative 2 [2].



1.3. Alternative 3

Alternative 3 which can be seen in Fig. 3 is a 2 floor, 4-wheeled mobile structure which
has the EEG placed on top of the second floor on a fixed base. First floor can be used
to put anything process-related such as creams/gels. It also has a hook to hold/support

the EEG electrodes when the machine is not being used.

Figure 3. Alternative 3.

1.4. Criteria Description

The criteria used to choose the alternative is explained below and their ponderation

can be seen in Table 1.

» Aesthetics: It is the visual quality of the design; it is important because it is the

first thing the user see and it must make the user feel comfortable and satisfied.

* Reliability: It measures “how much can the machine be trusted”. In this case it
must assure that the components will not fall-off by even slipping or by mechanical
failure (armature breaks and everything falls down). In this case it is the most

important characteristic that is why it has the biggest ponderation weight.

» Cost: It is how much money it takes to build the design, it is important because
in engineering the cost must be optimized as much as possible without compro-

mising other factors such as resistance or reliability.

 Building Complexity: How hard it is to build the machine. It is important be-
cause on engineering time must be optimized and the least complex design

should be chosen if it can fulfill the requirements.



* Mobility: The ability to move. It is important because the structure is mobile
and should allow a smooth as possible movement without jamming or causing
problems. Because this is the main feature/objective of the structure, it has a big

ponderation weight (2nd biggest).

Table 1. Ponderation of each criteria used to choose which alternative is the most
optimal one.

Aesthetics | Reliability | Cost | Building Complexity | Mobility | Total
0.2 0.3 0.15 0.1 0.25 10
Design 1 8 7 7 6 10 7.85
Design 2 8 10 4 7.5 10 8.45
Design 3 9 10 6 9 10 9.1

As it can be seen, the best grade was achieved by design 3, therefore it is chosen
because it has the best overall aesthetics, reliability, cost, mobility and least building
complexity. Furthermore it can be seen that it has space not only for a medium laptop,

but for other things on both top and on bottom desks.

2. Mechanical Design

2.1. Desk dimensioning

The average height of people in Ecuador is 1.62m [3], [4]. A recommended desk height
for that average is: 59 cm to 63 cm [5], [6]. The average dimension of a laptop desk is
50 cm to 60 cm length and 30 cm to 40 cm width [7], [8] (the thickness will be selected
further based on stress analysis). The table must be able to bear the weight of a per-
son that is in the process of standing up or using the table as a support. There is no
information in the state of art about this parameter, but an experiment was made to

determinate an estimate value.

The weight of a person is measured once while standing up and once while supporting

himself on the desk by using a balance. The difference in the measures mentioned is



the amount of force the person is exerting on the desk to support himself. The weight
of the person was 686.7N (70 kgf) and the weight measured when supporting himself

was 491 N. To find what is the exerted force in the desk:

Where:
F. is the exerted force, in N;
W, is the person weight, in N;

W, is the measured weight, in N.

F, = 686.7 — 491

F,=195.7TN
To find the exerted force as a percentage of the total weight of the person:
F,
W, er — — 2
P Wp ( )

Where:

W,er is the percentage weight that the table support, in %.

195.7

W, er — Lon ~
P 686.7
W — 28%

The average weight of Ecuadorian people is between 697 N to 726 N [3], [9] using the

maximum average value found, it can be said that the average force exerted on the



desk by Ecuadorian people would be:

FEE - WE : Wper (3)

Where:
Fgg is the average exerted force by an Ecuadorian, in N;

W is the average Ecuadorian weight, in N.

Fpp=1726-28

Fpp =203.28N

As it can be seen, the average exerted force should be 203.28 N which equals 20.7 kgf,
As this is an experimental found value, it is not exact and might to be safer the design
is going to be made to support a force of 295N which equals 30 kgf, to have an error

margin of 45 %.

2.2. Table desk design
2.2.1. Desk Material selection

The desk can be made of multiple materials such as tempered glass, metal sheet
and melaminic or lyaminated Wood. To select which of them is the optimal one a

ponderation was done and can be seen on Table 2. The parameters used are:

» Aesthetics: It is the visual quality of the design; it is important because it is the
first thing the user see and it must make the doctor and patient to feel comfortable

and satisfied.

* Resistance: It is the ability of the material to have a long term duration and not
break (mechanical resistance which is the most important) nor damage too soon

(resistance to wear and tear).



» Cost: The amount of money needed to manufacture or process the material
(which is reflected in the final price). This parameter needs to be as low as

possible without compromising other factors such as resistance.

+ Cleanability The ability of the material to be cleaned (how easy). This is impor-
tant because as it will be in a medical office it must be easy to clean as asepsis

is needed.

On Fig. 4 desks made of the selected materials can be seen. (The left wood table is

melaminic and the right one is laminated).

y

157 a

Figure 4. Desks made of different materials.

Table 2. Desk material ponderation table used to select which material is the most
optimal one.

Aesthetics | Resistance | Cost | Cleanability | Total

Weight 0.2 0.4 0.2 0.2 10
Melaminic 10 9.5 9 10 9.6
Tempered Glass 7 9 4 10 7.8
Laminate 10 10 6 10 9.2

Metal Sheet 9 10 2 8 7.8




As it can be seen in Table 2, the best grade was achieved by melaminic wood, which
has the best overall aesthetics, resistance, cost and cleanability making it the most

adequate choice for being the desk table material. Therefore it is selected.

2.2.2. Cantilever Bending Stress Calculations

In the Ecuadorian market, there are 2 widths of melaminic: 15 and 25 mm therefore, the
calculus will be made for both to find which one is suitable.
The maximum bending stress formula is given by:

M-c
I

Op =

Where:

o, is the bending stress, in Pa;

M is the moment, in Nm;

c is the distance from the neutral axis to the base, in m;

I is the moment of inertia, in m*.

Table 3 shows melaminic’s important properties for bending calculation.

The graph of force, shear force and bending for a punctual load in cantilever can be

seen on Fig. 5 from which it can be found out that:
Mmaxc =P Lc (5)

Where:
M, a2 1S the maximum bending stress in cantilever, in Nm;
P is the punctual load, in N;
L. is the length of the beam in cantilever, in m.
As it can be seen in Fig. 3, the desk has a cantilever between the upper desk edge
and the steel structure. The distance that is in cantilever is 6 cm. Therefore, replacing

(5) in (4) it is found out that:

P -L.-c
N I

Obe



Table 3. Melaminic properties where the 15 subindex corresponds to the 15mm
melaminic and 25 corresponds to the 25 mm melaminic.

Yield strength [10]
24
MPa
Distance from neutral axis c¢5
7.5
mim
Distance from neutral axis cy5
12.5
mim
Moment of inertia /5
4218.75
mm4
Moment of inertia /55
32552.08
mm4
< ] >
V
-P
M
PL

Figure 5. Shear force and momentum diagram for a punctual load in cantilever [11].

Where:

oy IS the cantilever bending stress of the melamine, in Pa.



Replacing (6) with the properties shown in Table 3 and with the punctual load found out

at the end of section 2.1 for the 15 mm and 25 mm melaminic respectively:

295 - 0.06 - 0.075
_ — 31.47MP 7
Fbels 1218109 31.47MPa (7)

Where:

ope15 1S the cantilever bending stress of the 15 mm melamine, in Pa.

995 - 0.06 - 0.125
c oy = . MP
The25 3255 105 0-80MPa (8)

Where:
oo 1S the cantilever bending stress of the 25 mm melamine, in Pa.

The factor safety formula [12] is given by:

Where:

o, is the yield stress, in Pa;

o, is the applied stress, in Pa.

Replacing (7) and (8) respectively in (9) and using the yield stress shown in Table 3 it

is found out that:

31.47
Sf15 == T = 0.6 (10)

Where:

sf15 is the safety factor of the 15 mm melamine, adimensional.

6.8
Sf25—ﬁ—3.5 (11)

Where:
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s fa5 is the safety factor of the 25 mm melamine, adimensional.

Therefore the 25 mm melaminic will be used as the 15 mm melaminic will fail.

2.2.3. Double support bending stress

As it was shown in section 2.2.2, the 15 mm melaminic is not suitable, therefore in this
section the calculations will be done only for the 25 mm melaminic to demonstrate it will
withstand the load applied.

The graph of force, shear force and bending for a punctual load in the middle of two

supports can be seen on Fig. 6 from which it can be found out that:

P'L25

Mmax?s = 4

(12)

Where:

M,az2s 1S the maximum bending moment, in Nm;

Lo, is the length of the supported beam, in m.

By replacing (12) in (4) the bending moment stress for this specific case is given by:

P'LQS'C

.7 (13)

Op2s =

Where:
op2s 1S the melaminic maximum bending stress in 2 support configuration, in Pa.

The most critical distance is 48 cm because that is the longest distance between the
supports holding the upper table. And then replacing (12) with with the properties of
the 25 mm shown in Table 3 and with the punctual load found out at the end of section

2.1:

205 - 0.46 - 0.125
_ — 13.03MP 14
T2 = 3955 10 o W3Mba (14)
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T

|
No|—

No

L

i)

Figure 6. Shear force and momentum diagram for a punctual load in the middle of two
supports [13].
To find the factor safety, (14) is replaced in (9) and using the yield stress shown in Table

3:

13.03
g = —— = 1. 1
5f2 24 8 (15)

Where:
s fas I the safety factor for the supported melaminic desk, adimensional.

Therefore, the 25 mm melaminic will not fail in this case either, so it can be used.

2.3. Inner Structure design
2.3.1. Inner Structure alternative selection

Because this is also a mechanical material selection, the same parameters that were
considered for the desk material in section 2.2.1 are used for this section. On Fig. 7
the different materials proposed can be seen in the same order as on Table 4 which
shows the ponderation to select the optimal one.

As it can be seen, the best grade is obtained by the steel square pipe which has the
best overall aesthetics, resistance, cost and cleanability. Therefore it is chosen to be

the support material.
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Figure 7. Proposed Support Materials.

Table 4. Support material ponderation table used to select which material is the most
optimal one.

Aesthetics | Resistance | Cost | Cleanability | Total
Weight 0.1 0.5 0.3 0.1 10
Aluminum Profile 8 10 5 10 8.3
Steel square Pipe 9 10 9 10 9.6
Wood 6 8 9 10 8.3
2.3.2. Double support bending stress calculus

The cheapest standardized steel square pipe that can be found in the Ecuadorian
market is the SAE J 403 1008 whose geometric characteristics can be seen in Fig. 8

and described in Table 5.

e

) ¢

Figure 8. SAE J 403 1008 Steel square pipe dimension parameters image [14].

Table 6 shows steel’s important properties for bending calculation.
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Table 5. Parameters of the square tube [14].

A | Width (e) | Weight | Area | Inertia momentum

mm mm kg/m cm? cm?

20 1.2 0.72 0.9 0.53

Table 6. Steel pipe properties used for bending stress calculation.

Yield strength [15]

285
MPa
Distance from neutral axis c;

10

mim
Moment of inertia /, [14]

0.53
cm?

The maximum bending stress formula for this case is is given by:

Ms'cs
2.1

(16)

Ops =

Where:

ops 1S the bending stress in each steel pipe, in Pa;

M is the steel pipe moment, in Nm;

¢, is the steel pipe distance from the neutral axis to the base, in m.

Notice that is the same as (4) but as in this case there are 2 tubes supporting the
punctual load, the stress in each tube, will be half of the total stress.

Replacing (12) in (16) it is found out that:

P Lg-c

Ops — 9. [5 (17)

Where:

L is length of the steel pipe supported beam, in m.
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Replacing (17) with the properties of the steel pipe shown in Table 6 and with the

punctual load found out at the end of section 2.1:

~295-0.46-0.1
- 2.5.337-109

= 31.78 MPa (18)

Ops

To find the safety factor replace (18) in (9) and using the yield stress shown in Table 6:

3178

L= 8. 1
sh= Tgr = 897 (19)

Where:
sfs Is the safety factor for the steel bending stress, adimensional.
Therefore it can be concluded that this steel pipe tube is suitable for supporting this

bending stress.

2.3.3. Buckling Calculus

The most critical case for buckling force is when there is a cantilever configuration. The
punctual load will be applied in the upper table which is free to move. The lower part
of the desk will be held in place by the blocked wheels, therefore it can be analyzed as
a cantilever configuration. The formula to find the maximum allowed buckling force in

cantilever is:

m By,

Fmax =
4- Lzuck

Where:

F... is the maximum allowed force per steel pipe, in N;

E, is the steel pipe elastic modulus, in Pa;

I, is the steel pipe moment of inertia, in m*;

Ly, is the steel pipe length in cantilever for buckling, in m.

The steel pipe elastic modulus E, is 200 GPa [15] the steel pipe moment of inertia I, is

0.53 cm* [14] and the cantilever length for buckling Ly, is 50 cm. Replacing this values
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in (20):

72 -200-10% - 0.5337 - 107
Froaz = = 10.5kN 21
4-0.52 05 (21)

As it can be seen, the maximum allowed buckling force is much higher than the nominal
force found at the end of section 2.1 but is still desired to find the safety factor.

The force safety factor is given by:

cIER

Where:

sf; is the force safety factor, adimensional.

F,.. is the maximum allowed force, in N.

F, is the applied force, in N.

The working force in this case is the nominal force divided by 4 because there are 4
columns (steel pipes) that together bear the whole load. Therefore replacing the values

in (22): The force safety factor is given by:

4 - 10500

2.4. Wheels selection

For the wheels, 4 of them are going to be used and it only is needed that they are able
to support the force exerted on the desk which was found at the end of section 2.1 and
that they can be blocked or unblocked manually. Therefore the wheel selected and that

can withstand up to 30 kg each [16] can be seen on Fig. 9.

Figure 9. Wheel selected that has a manual block [16].
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3. Electronic design

The electronic design consists in selecting and designing the electronic elements that
are going to be used in the prototype. The circuit is composed by some elements
which are a microcontroller, an amplifier, an anti alias filter and the electrodes. These

elements can be seen in the block diagram shown in Fig. 10

9V BATTERY .
LEDs FOR STATUS
VOLTAGE DIVIDER INDICATION
F Y
+45VDC
v
ANTI-ALIAS
ELECTRODES »| 48 H7 LOWPASS ADG20 » _ MICRO COMPUTER

h 4
b
h 4

AMPLIFIERS CONTROLLER

FILTER

k4

GRAPHIC
USER INTERFACE

Figure 10. Electronic circuit block diagram.

3.1. Electrodes selection

Electrodes are a very important component because they are the elements that capture
the electroencephalographic waves. There are two types of electrodes mainly, wet and
dry electrodes. The difference is that wet electrodes need a conductive gel to work and
dry do not. Due to this reason, dry electrodes are not so good as wet electrodes as
they are more likely to be affected by noise and motion artifacts unless the experiment
is done in a stationary way. In this case, both will have a high performance but wet
electrodes will be slightly higher [17]. The ponderation for the electrodes can be seen
on Table 7, where the "Application” column stands how good the electrodes are for a

stationary application (as is this case).
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Table 7. Electrodes ponderation table used to select which type of electrode is the
most optimal one.

Cost | Quality | Application | Time to mount | Total

Weight 0.2 0.3 0.3 0.2 1
Dry electrode | 10 7.5 8 10 8.65
Wet electrode | 10 9 9 6 8.6

3.2. Filter design

The acquired signal must go through a series of filters to eliminate noise that is not part
of the brainwaves, this is illustrated with a block diagram which is shown in Fig. 11.

The minimum low-pass filtered generally used for EEG is 30 Hz [18], [19] the American

SIGNAL | anTIALIAS | amPuFICATION S| Aee e
ADQUISITION FILTER 48 Hz x50.4 COMvERaTON
L | NoTCHFILTER _|BAND PASS FILTER
PYTHON SCRIPT > ol > e

Figure 11. Signal filtering diagram blocks.

Clinical Neurophysiology Society recommends at least 35 Hz [20] as the low-pass filter
threshold. The problem with this filtering is that it eliminates the Gamma band but this is
done because this band is not widely used in researching [21]. Nowadays, the software
filters are heavily preferred over the hardware filters because they are cheaper, do not
occupy physical space, can be changed easily, are more powerful and are not affected
by external factors such as aging and temperature [22]. Even though as it has been
shown, there are several advantages of software filters over hardware filters, at least
an anti-aliasing filter should be implemented physically. The frequency cut chosen is
45 Hz because gamma band is desired to be included and the common upper limit
to research this frequency is around this value [21]. Also, in the artificial intelligence

state of art for epilepsy some research as [23] use 45 Hz as the low-pass filter cut-off
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frequency value. A simple low-pass filter can be seen in Fig. 12.

The cutoff frequency formula is given by:

\/ ~ ~——
v yAacitar
——

V.

O O

Figure 12. Simple low-pass filter configuration [24].

s 24
fCUt 2-7T-Rf'0f ( )

Where:
feut is the cut off frequency, in Hz;
Ry is the resistance used for the low-pass filter, in ©;

Cy is the capacitor used for the low-pass filter, in F.

In this case, the cut frequency is 45 Hz and typically to design a low-pass filter the resis-
tance value is based on the capacitor value which is chosen first because commercially
there are more resistance values than capacitors, hence it is easier to find a suitable
resistor for a given capacitor.

Therefore by selecting a capacitor of 100 yF the resistance can be found by:

1

Rpj=—
d 2'7'fcut'0f

(25)

1
R, =
S 9r 45-100 - 10-6

= 35.36 Q2

The closest commercial resistance suitable for this is 33 2. To see what is going to be
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the real cut off frequency, this value is replaced in (24):

1
- 2.7-33.100- 106

For — 48Tz (26)

Where:

fer is the real-cut off frequency, in Hz.

Finally, it can be remarked that another advantage of the designed filter is that it will
attenuate the 60 Hz power line wave before it goes intro the amplifier. Furthermore,
a notch filter of 60 Hz is applied by software as well as a pass-band filter that goes
from to 1 Hz to 45 Hz which is implemented with the M.N.E. python library for the EEG
recording [25]. An example of the notch filter behavior can be seen in Fig. 13 and an

example of a pass-band filter behavior can be seen in Fig. 14.

Response

| Motch
Freguency

requiring | |
attenuation lif

Frequency

Figure 13. Notch filter behavior [26].

4. Amplification stage design

For the amplification stage, the AD620 high accuracy instrumentation amplifier was
selected. It needs only 1 resistor to set a gain in the range of x1 to x10000. It has low
noise and low bias current makes it suitable for medical equipment applications [28].

Among its applications:
* Weigh scales.
 ECG, EEG and medical instrumentation.

+ Data acquisition system.



Rl R

w— Passhand _]".

0 =t

Frequency

Figure 14. Bandpass filter behavior [27].

» Battery-powered and portable equipment.

used for this prototype can be seen in Fig. 16.

Table 8. AD620 features [28].

FEATURE VALUE
Easy to use
Gain set with one external resistor
Gain range 1-10000

Power supply range

2.3V to 18V

Higher performance than 3 op amp IA designs

Available in 8-lead DIP and SOIC packaging

Low power, 1.3 mA max supply current

Input offset voltage

50 UV

Settling time to0 0.01%

15 ps

Low noise

20

The AD620 main features can be seen in Table. 8, its maximum ratings can be seen

in Table 9, its schematic diagram can be seen in Fig. 15 and the AD620 configuration
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Table 9. AD620 maximum rating values [28].

Parameter Rating
Supply Voltage 18V
Internal Power Dissipation 650 mW
Input Voltage (Common-Mode) Vs
Differential Input Voltage 25V
Output Short-Circuit Duration Indefinite
Storage Temperature Range (Q) —65°C 1o 150°C
Storage Temperature Range (N, R) | —65°C to 125°C
Operating Temperature Range —40°Cto 85°C

~vs [4] AD620 [5]rer

TOP VIEW

Figure 15. AD620 instrumental amplifier schematic diagram [28].
To find the gain used, the AD620 amplification formula is used which is given by:

49400

1 27
7t 27)

G =

Where:
G is the Gain of AD620, in adimensional;
R, is the gain resistance, in ().

As a 1k gain resistor was used, the obtained gain is:

49400

= " 4+1=504 2
G 1000 + 50 (28)
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ELECTRODE| R13

1|'j_

IN1

Figure 16. AD620 schematic diagram of the configuration used.

Finally, it can be concluded that for the amplification stage was designed by using an
AD620 amplifier which is fed with + 4.5V and that has a 50.4x gain applied to the

voltage difference between an scalp electrode and the reference electrode.

4.1. Microcontroller selection

For the microcontroller selection, the most important features needed are the abilities to
capture and digitize the brain waves and send them to a laptop that has the developed
EEG software installed. For these reasons the selection of the microcontroller is based
on ADC characteristics and serial communication features which are listed below and

whose ponderation table can be seen on Table 10.

+ ADC channels: Is the amount of channels (or input pins) able to digitize an
analog signal. For Al applications for epilepsy detection the minimum amount of

channels is 1 [29], [30].

« ADC Resolution: |s the smallest incremental voltage that is detected by the
microcontroller. The higher the resolution, the higher the precision of the mea-
surement. The minimum amount of ADC bits should be 10 bits to have a good

waveform signal sampling [31], [32].

» Cost: Amount of money needed to purchase the microcontroller.
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« Sampling Frequency: Is the amount of samples that the microcontroller is able
to take in a second. The higher the sampling time, the better is reconstructed
the measured analog input. According to nyquist theorem [33], the sampling rate
should be at least twice the signal maximum frequency, and according to Amer-
ican Society Guideline [20], it is recommended to use a minimum sampling rate
of 135 Hz for a 45 Hz high pass filtered EEG, which is the case of this prototype.
Using this recommendation, and the amount of channels to be used (10) it can

be found the minimum sample rate of the controller.

Fsmin = Chn - Fsep, (29)

Where:

F$in 1S the minimum required sampling rate, in Hz;
Ch,, is the number of channels;

Fs., is the needed sampling rate per channel, in Hz.

Replacing the values in (29):

F$pmin = 10 - 135 = 1350 Hz (30)

« USART Baud Rate: Amount of bits per second that the USART serial communi-
cation of the microcontroller is able to transfer. The higher the more information
can be transferred in a period of time. In this case an overhead of 3 bits per byte
(start bit, end bit and parity bit) will be used. Therefore, the minimum baudrate

can be calculated as:

bpspl =3 -( B + Oh) (31)

Where:
bpspl are the total units of data per sample, in bps;
B is a unit of data, in B;

Oh is the unit of data overhead, in B.
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bpspl = 3(8 4+ 3) = 33 (32)

It is multiplied by 3 because to transfer the 10 bit ADC resolution sample, 2 bytes
are needed and 1 extra byte is needed to encode the reading channel as a char,
therefore 3 bytes are needed per channel. And to find what the minimum baudrate

the microcontroller should have:

Bdmm - bpSpl ' FSmm (33)

Where:

Bd,,;, is the minimum required baudrate, in Bd.

Bd,in = 33 - 1350 = 44 500 Bd (34)

Table 10. Microcontroller ponderation table used to select which is the most optimal
one.

ADC ADC USART | Sampling
Cost Total
channels | Resolution Baud Rate | frequency
Weight 0.15 0.3 0.15 0.2 0.2 1
PIC18F2550 [34] 10 8 9 8 10 8.85
RASP. PI [35] 0 0 3 10 10 4.45
ATMEGA2560 [36] 10 8 6 5 10 7.8

As it can be seen, PIC18F2550 was chosen. Among its main features it includes 10
ADC channels, a 10-bit resolution ADC and a maximum baudrate of 115200 Bd. More
of its features can be seen in Table 11 and its technical diagram can be seen in Fig.

17.
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Figure 17. PIC18F2550 microcontroller schematic diagram [34].

Table 11. PIC18F2550 feature table summary [34].

Operating Frequency DC-48MHz
Program Memory (Bytes) 32768
Program Memory (Instructions) 16384
Data Memory (Bytes) 2048

Data EEPROM Memory (Bytes) 256
Interrupt Sources 19

I/0 Ports Ports A, B, C, (E)
Timers 4
Capture/Compare/PWMModules 2
Enhanced Capture/ Compare/PWM Modules | 0

Serial Communications

MSSP, Enhanced USART

Universal Serial Bus (USB) Module

1

10-Bit Analog-to-Digital Module

10 Input Channels

REOFAN1Z/INTO/FLTO/SDISDA




26

4.2. Power supply design.
4.2.1. Design of 5 Vsource.

The total consumption of the prototype per source can be seen in Table 12 but this
table does not take into account the power consumed by the computer because this
will depend on the computer that is used (the computer is not part of the prototype
and the user must use their own). USB 2.0 is able to provide up to 500 mA and USB
3.0 is able to provide up to 900 mA [37]. This transformed to power is 2.5 W and 4.5 W
respectively. As it can be seen in Table 12, the total power consumption of the 5V
source is 0.7 W, therefore any computer that has USB 2.0 or USB 3.0 is suitable to be

used as the 5V source.

4.2.2. Design of 9V source.

As it can be seen in Table 12, the total current consumption of the 9V source is 33 mA.
Therefore, for a 1 hour usage a battery with a capacity of 33 mAh is needed. Commer-
cially, it is usual to find 9V batteries with nominal capacities around 175 mAh such as
the Energizer NH22-175 [38] which in this case would give an usage time of 5 hours
and 18 minutes.

Table 12. Electronic consumption of the prototype without the computer power con-
sumption.

Element | Current mA | Power W
5V COMPUTER
PIC18F2550 100 0.5
2 LEDs 40 0.2
9V BATTERY
10 AD620 13 0.117
LED 20 0.18
Total 0.997
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4.3. Signage Design

The prototype has 3 states which can be seen in Table 13 as well as how the LEDs are

turned on or off to let the user know which is the current status of the prototype.

Table 13. LEDs indication for different states

STATE LED

GREEN | ORANGE | BLUE

USB CONNECTED | OFF ON OFF
PROTOTYPE ON OFF ON ON
AMPLIFIERS ON ON ON ON

4.4. Electronic design summary

A summary of the electronic elements used for this prototype can be seen in Table 14.

Table 14. Summary table of the selected electronic elements.

ELEMENT QUANTITY | MODEL/BRAND | CHARACTERISTICS

CAPACITORS

22pf CERAMIC 2 10V

100uF ELECTROLYTIC 11 10V
RESISTORS

1k 3 1w

1k 10 1w

33 11 1w

220 5 1w
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ELEMENT

QUANTITY

BRAND

CHARACTERISTICS

OTHERS

PIC18F2550

Microchip

10 ADC channels 10 bit
resolution.

* 115200 baudrate.

« USB serial communica-
tion.

e 5V

e 100 mA

AD620

10

Analog Devices

* 50.4x Gain.

* Instrumental Amplifier.

* Used for EEG and ECG.
 Serial communication.

e +45V

* 1.3mA

20 MHz CRYSTALL

SWITCH 2 Gravitech » Supports upto 10 A 125 VAC.
» Simple Contact.
» Normally Opened.
» Rocker type.
LED 3 Farnell * Indicator lights.

1 Green, 1 Orange, 1 Blue.
5V

20 mA
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5. Informatics Design

5.1. Programming language selection

The programming language is used to decode the bytes (codified brain waves) received
by serial communication, process them (apply filters and data handling e.g. save them
in EDF format), display the EEG signals in a GUI and apply a Deep Learning CNN
binary classification algorithm to detect if there are epilepsy patterns. Also the knowl-
edge on the programming language is taken in consideration as it can be translated
to cost. (Less knowledge means more time and effort investment which increases the
developing expenses). The ponderation for the programming language can be seen on

Table 15.

Table 15. Language program ponderation table used to select which material is the
most optimal one.

EEG Modules | Al Modules | Serial Com. | GUI | Knowledge | Total
Weight 0.3 0.3 0.2 0.1 0.1 1
Matlab 9 9 10 7 7 8.2
C++ 8 8 10 7 5 7.2
Python 9 10 10 7 8 8.8

5.2. Software development

The software which was developed using Python [39], Tkinter [40] and M.N.E [25],
was made in such a way to make it as simple as possible for its user to utilize it. The
application is composed of a main screen which can be seen in Fig. 18 which allows
the user to choose between making a new recording, show a past recording or to make
the epileptic analysis on a recording. If the user chooses the "MAKE EEG” option, the
Maker screen which can be seen in Fig. 19 will appear. This screen allows the user
to enter the patient’s name, the doctor’'s name and to select the duration in seconds in
intervals of 30 seconds. Once all the data is entered, the user must press start and the

system will activate, the text will change to let the user the EEG is in progress and a
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L EEGUIDEV1.0 - b

L uIDE

Pawened by
Arizona State University

SELECT AN OPTION

MAKE EEG

EPILEPSY ANALYSIS

COM PORT

BY: MARTIN TOBAR

Figure 18. Main screen that appears when the software is opened up.

counter will begin as can be seen in Fig. 20. Also there is a pop-up notification to tell

the user the recording is finished.

U MAKE EEG - >
PATIENT NAME:
DOCTOR:

SELECT DURATION IN
SECONDS
30 —

START

@) SYSTEM READY

Figure 19. EEG recorder screen when opened up.

If the user selects the "PLOT EEG” option, a file dialog will pop-up and let the user
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NOTIFICATION ¢ | b

RECORD ENDED PATIENT NAME:
PATIENT NAME |
DOCTOR:

'DOCTOR NAME |

SELECT DURATION IN
SECONDS

30 —
START

. EEG IN PROGRESS

00:30

Figure 20. Make screen that appears when the EEG recording is finished.

choose between EDF files. Once a file is chosen, a window will pop-up and allow the
user to choose between plotting the whole recording along with its frequency spectrum.
Also there is the option to export the EDF file in PDF format. All these features can be

seen in Fig. 21. Finally, if the user selects the "Epilepsy Detection” option, a file dialog

L' PLOTEEG — s

L VIDE

Powered by
Arizona State University

FILENAME: Patient Name Doctor Name
PLOT WAVES
PLOT PSD
EXPORT PDF FILE

Figure 21. Screen that allows the user to choose between different plotting options.

will pop-up and let the user choose an EDF file in which the CNN binary classification
algorithm will run. Once the EDF file is chosen and the classification is finished, a

notification will pop-up and let the user know if this file contains epilepsy patterns or



32

not. These notification can be seen in Fig. 22

¢

EPILEPTIC PATTERNS FOUND

OK

# Analysis results — *

NO EPILEPTIC PATTERNS FOUND
PATIENT IS HEALTHY

OK

Figure 22. Notification screens for epileptic patterns analysis result.

5.3. Convolutional Neural Network

A convolutional neural network (CNN) is a type of deep learning algorithm that is used
for image and video recognition, signals processing, classification binary, autonomous
driving, among others [41]. The architecture of a traditional neural network which can
be seen in Fig. 23 is inspired in the brain whose operation relies in the connection
of “nodes” which are the neurons and that are divided in 3 layers: input, hidden and
output [42]. The difference between a generic neural network and a convolutional
neural network, is that the convolutional neural network has a layer which makes a
mathematical operation known as "convolution” whose main purpose is to find a feature
inside a section of the input which is known as a kernel [43]. An architecture of a
generic CNN can be seen in Fig. 24.

Some notable features and benefits of a CNN include [46]:
+ To recognize and find patterns by themselves.

+ Compress and reduce the dimensionality of the data that is given as an input by

extracting its most important features.
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input layer hidden layer 1 hidden layer 2 output layer

Figure 23. Generic neural network architecture [44].

Input
|m§ge Softmax
Pooling
Pooling
Convolution
//
Convolution+Relu
Convolution+Relu Full Convolution +Relu

Figure 24. Generic convolutional neural network architecture [45].

* It is computationally efficient.
+ Are remarkable for classification.
» Work great for real time applications.
To summarize what each CNN layer does:
» Convolution: It makes a comparison to find feature inside a given input.

* Pooling: It syntethizes the information and reduces the dimensionality of the

given input.
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» Linear Rectifier (Re-Lu): It eliminate the negative values of the given input.

* Fully connected: Is the output layer of the CNN and is where the weights are
located. Weights are ponderation given to each previous node which is used to
give the final output. For binary classification is very common to find a sigmoid

activation function which can be seen in Fig. 25 and whose formula is given by:

flx) = (35)

This activation function is used because its result always is between 0 and 1

which is the same range in which probability exists [47].

As it can be seen, the result goes from 0 to 1 which has infinite results as there
are infinite numbers between 0 and 1. A way to solve this problem is to use the

piecewise function:

0 ifu<0.5
f(u) (36)
1 ifu>05

Where u is the result of the sigmoid function.

The result of f(u) is going to be always either 0 or 1. If the result is 0 it means
that the binary classification output is class 1 and if the result is 1, it means that

the binary classification output is class 2..

The architecture used for the developed CNN for this work, can be seen in Fig. 26.

Some of its main features are:

* Array input size of Nx1500x3.
* It has 19 Layers.
* Array output size of Nx1

» Output value between 0 and 1 because its dense layer is activated by a sigmoid

function.
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Figure 25. Sigmoid activation function [48].

Uses batch normalization before the activation function which helps to stabilize

the training process and improves the final model’s performance.

Cost Analysis

In Table 16 it can be seen the cost of developing the project prototype. As it can be

seen, the total cost is 1119.5 $. Some of the prototype features are:

Has a friendly graphic user interface in which the user can select to make a new

recording and to show previous recording.

Recognize if there exists traces of epilepsy patterns by using A.l. with only 2

clicks.

Can work on any computer as long as the software is installed and the software

is easy to install.

Is portable and has the capacity to store any element in the built-in basket, as
well as to have space for a laptop on top of the desk. Also due to its dimensions

it fits everywhere and is easy to transport.

Can adquire brain signals from 10 different monopolar channels.
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CONVID_INPUT INPUT: [(NONE, 1500, 3)]

INP . | [(NONE, 1500, 3
UTLAYER OuTPUT: | I ] AVERAGE_POOLINGID| INPUT: | (NOMNE, 368, 32)

AVERAGEPOOLING1D | OUTPUT: | (MONE, 184, 32)

CONVID INPUT: (NOMNE, 1500, 3)

: NONE, 1496, 32
CONVID LINEAR | OUTPUT ( ) DROPOUT 1 INPUT: [NONE, 184, 32)

DROPOUT OUTPUT: | (NONE, 184, 32)

BATCH_NORMALIZATION| INPUT: (NONE, 1496, 32)

y - | (NONE, 1496, 32
BATCHNORMALIZATION | OUTPUT: | ( ) CONVID_3 INPUT: | [NONE, 184, 32)

CONVID LINEAR | OUTPUT: | (NONE, 180, 32)

LEAKY_RE_LU INPUT: (NONE, 1496, 32)

LEAKYRELU OUTPUT: | (NONE, 1496, 32) LEAKY RE LU 3 B (NONE, 180, 32)

LEAKYRELU OUTPUT: | (NONE, 180, 32)

MAX_POOLINGID INPUT: (NONE, 1496, 32)

V : NONE, 748, 32
MAXPOOLINGTD outPuT f ! AVERAGE_POOLINGID_1 INPUT: (NONE, 180, 32)

AVERAGEPOOLINGID QUTPUT: (NONE, 90, 32)

CONVID_I INPUT: | (NONE, 748, 32)
conviD | L - | (NONE, 744, 32
NEAR | QUTPUT: | : CONVID_4 INPUT: | [NONE, 90, 32)
CONVID | LINEAR | OUTPUT: | (NONE, 86, 32)
LEAKY_RE_LU_I INPUT: | [NONE, 744, 32)
. | [NONE, 744, 32
LEAKYRELU outPuT: | | ! LEAKY_RE_LU_4 INPUT; (NONE, 86, 32)
LEAKYRELU OUTPUT: | (NONE, 86, 32)
MAX_POOLINGID_1 | INPUT: | (NONE, 744, 32)
. | [NONE, 372, 32,
MAXPOOLINGID ourPuT: | | | GLOBAL_AVERAGE_POOLINGID| INPUT: | (NONE, 86, 32)
GLOBALAVERAGEPOOLINGID | OUTPUT: [NONE, 32)
DROPOUT | INPUT: | (NONE, 372, 32)
DROPOUT | OUTPUT: | (NONE, 372, 32)
DENSE INPUT: | (MONE, 32)

DENSE SIGMOID | OUTPUT: (NONE, 1)

CONVID_2 INPUT: (NONE, 372, 32)

CONVID LINEAR | OUTPUT: | (NONE, 368, 32)

LEAKY_RE_LU_2 INPUT: [NONE, 368, 32)

LEAKYRELU OUTPUT: | (NONE, 368, 32)

Figure 26. Architecture used for the developed CNN.

Finally, it is important to highlight that the cost of the £ in Ecuador is 0.92$. The total
consumption of the prototype can be seen in Table 12. It must be remarked that this
table does not contain the cost of the computer in which the software runs because the

power a computer uses varies greatly. Therefore an approximate hourly cost of using



Table 16. Prototype table of costs.

Item Cost $ | Quantity | Total $
AD620 7 10 70
PIC18F2550 10 1 10
Electrodes 12 12 144
9V Rechargeable 12 2 24
PCB 22.5 1 22.5
Desk 170 1 170
Electronic components 1 10 10
3D Printing 1 50 50
Wheels 1 4 4
Miscellaneous 1 15 15
Design 600 1 600
Total 1119.5

the prototype is:

h
0.997TW-0.92%- — =0.00092§$ - h

kW
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