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Abstract

The number of disabled people is increasing at a rapid rate, disability
to control limbs due to accidents and wars are the major cause of
immobility. Immobility hinders daily activities and leads to social
restrictions which isolate them from the rest.

Forfeiture of the ability of quadriplegic people to control their
hands isa serious challenge in designing wheelchairs that meet their
needs. The aim of this project is to invest the eyes and tongue
movements of quadriplegic people to design a motorized wheel chair
controlling system capable of receiving the digital output from an
electrooculographic amplifier and filter, to analyze these
electrooculograms (EOGS) electronically for controlling wheel chair
movements, and pressure sensor, to enable these people control the
activation and deactivation of the eye-controlling-system.

For more accuracy, the flexiForce sensor mounted on the cheek
recipes pushes from the tongue, it is used to ON/OFF eye-controlling-
system, which helps the patient to look freely when he/she don’t need it
and just want to walk straight .
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1.1 Introduction:

Quadriplegia, also known as tetraplegia, is a form of paralysis that affects all four limbs,plus
the torso (“quad” originates from the Latin word for four). Most people with tetraplegia have
significant paralysis below the neck, and many are completely unable to move.[1]

The basic symptoms of quadriplegia include numbness/loss of feeling in the body, particularly in
the arms and legs, paralysis of the arms and legs (and major muscles in the torso), urinary
retention and bowel dysfunction caused by lack of muscle control, difficulty breathing (some
quadriplegics require assisted breathing devices), and trouble sitting upright (because of an
inability to balance).

Controlling wheelchairs by eyes movements is a leading technology in improving the quality of
the life for paralyzed peoples, specially who are suffering from Quadriplegia. EOG, Infrared,
magnetic scleral search coil and video-based eye tracking are used methods to achieve this
technology.

1.2 Project Idea:

The idea of this project is to provide the people with quadriplegia with automated
wheelchair that has the ability to move according to their eye movements by acquiring their EOG
signals and processing them to control the wheelchair direction according to the table 1.1.

Tablel.1: Control Eye Movements

Control Eye Movements Wheelchair Directions
Gaze to the right Turn to the right
Gaze to the left Turn to the left

Upward gazing OFF DC motors

A pressure sensor will be mounted on the cheek to differentiate between control eye
movements and normal eye movements, in which one press will ON/OFF the eye-drive-system,
which consists of gazing right and left, where upward gazing is activated alone all the time, to let
the user to control the DC motors any time he/she want

1.3 Literature Review

This project comes to accomplish the previous project and studies in the fields of
analyzing EOG and controlling wheelchairs using eye movements.

Several methods are used in eye tracking as infra-red technology, video oculography with
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camera system, EOG and some other old methods like sceleral search coils in order to control
wheelchairs using eye movements, It was obvious that EOG tracking is a lower cost and less
complicated system. [2]

Low cost, user friendly, and high efficient eye controlled wheelchair will be the best
choice for quadriplegic people for more life quality.

1.4 Project motivation:
75 million people are in need of a wheelchair but cannot afford one!

According to a survey published in 2019 by the National Spinal Cord Injury Statistical
Center (NSCISC), which is a spinal cord injuries statistical center in USA, the top causes of
spinal Cord Injuries are divided as shown in figure 1.1.

Top Causes of Spinal Cord Injuries

» Auto Accidents

- Falls

* Gunshot Wounds

] .
Motorcycle Accidents

- Diving

| . .
Medical/Surgical

.Complications

Figure 1.1: Top Causes of Spinal Cord Injuries by NSCISC

In the chart above we can see that there are many common causes; as auto accidents and
gunshot wounds, this shows the importance of sharing the improving wheelchair controlling
technology, especially to fit the needs of people with quadriplegia.

The zionist occupation is a regional example of the gunshots cause of quadriplegia, there
is an increasing number of injured people with paralysis concentrated in Gaza strip and West
bank. [3]

As well, according to the Palestinian Central Bureau of Statics (PCBS), there is a
prominent number of car accidents in Palestine, those accidents will increase the number of
Page|3



paralyzing injures[4]. Also, according to PCBS, the mobility injures have the highest ratios in
both the west bank and Gaza strip as shown in the figure 1.2. [5]

el o 2 pstelaalall 2020  gpball mai Spladi 5 PCBS

2017 .« adadly Akl AEEY) Eal canen * Cpluaatd B BN (a3 Al
Percentage of Disabled in Palestine* by Type of Disability, Region and Sex, 2017

Reglon Salazaty
Type of B gl apAd dhad o £
Disability Gaza Strip West Bank Palestine Frape
ey 5 [gsanal| S| | gaesad |2 | e | psesa '
Females |Males | Total |Females | Males | Total [Females| Males | Total
Sesaing a.rF 0.8 0.8 0.5 0.6 0.6 0.6 0.7 0.7 _snangll
Hearing 0.5 06 0.5 0.4 0.4 0.4 0.4 0.5 0.5 el
Communication 0.5 0.6 0.5 0.4 0.4 0.4 0.4 0.5 0.4 Lagan
Al
Maobility 1.3 1.4 1.3 o8 ] 0.9 1.0 1.1 1.1 | pluasady
sl
Remembering et
and 0.5 0.5 0.5 0.3 0.4 0.4 0.4 0.4 0.4 o
Concentration sl
Mote: Disability includes a lot of difficulty, and cant at all. Sl moalaiog Wy chaS dopeee JedS Al rdlaae
* Data exclude those parts of Jerusalem governoraie donnie (53 (D Adidlae S aad D Qe T AT
which were annexed by lsrael Occupation m 1967, 1967 ple fuaid Gaall aTical ap sl il it

Figure 1.2: Mobility Injuries Ratios According to PCBS

Although of the number of paralyzed people in Palestine, there are no wheelchairs that
meet the needs of full paralyzed people, even if requested; its cost will be very high.

The EOG-based controlling method -compared to other methods- is a low cost in
controlling wheelchairs.

1.5 Project objectives:
1- Design an EOG system to acquire the control eye movements.

2- Control the motors (DC and Servo) according to the control eyes movements.

3- Achieve a safe, effective, and low-cost wheelchair which will empower full-paralyzed persons
to control their wheelchairs by eye movements.

1.6 Project importance:
1- Low-cost of the EOG system

2- Lack of eye-controlled wheelchairs in Palestine

Page|4



1.7 Plan of work:

First, we will implement the electronic system which will acquire, filter, and amplify the EOG

signal from the eye, then, we will build the algorithm which will analyze and classify the
processed EOG signal and control the motors.

1.8 Time line:

Time schedule of the work for the first semester and second semesters are shown in

tables 1.3 and 1.4.

Table 1.3: Time Line for the First Semester

Week
Activities
Finding Project Idea
Proposal

Search and Collecting Data

Documentation

Preparing for Presentation

Print Documentation

Table 1.4: Time Line for the Second Semester

Week

Activities

Implementation

Testing

Documentation

Page|5



1.9 Budget:

Cost in dollar is distributed as shown in the following table:

Table 1.5: Project Cost

Component Quantity Price for each Price $
component
Electrodes wires 5 4 20
Electrodes paddles 20 3 60
FSR406 FelxiForce sensor 1 25 25
Switch 20A switch button 5 4 22
button 4A switch button 1 2
Motor Driver 1 73 73
PCB Boards 9 9
IC’s: AD620 2 10 19
AD822 2 9
Resistors & Capacitors 26 - 3.5
Connection 1mm wire 10 meter - 135
Wires 5 mm wires 5 meter -
2mm wire 5 meter -
3x3mm wire 6 meter -
Sockets 20 - 1
Plastic cleats 2 3 6
Battery 2 15 30
Wheelchair battery 2 350 700
Wheelchair battery Charger 1 100 100
Puma 40 wheelchair 1 7000 7000
Total Price - - 8082 $
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Chapter Two

The Anatomy of Human Eye and Spinal Cord.

2.1 INTRODUCTION:
2.2 FOUNDATION OF EOG

2.2.1 Physiological Background
2.3 SPINAL CORD

2.3.1 Spinal Cord Anatomy and injuries
2.3.1.1 Cervical spine
2.3.2 Quadriplegia
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2.1 Introduction:

Two vital components of the human body; eye and spinal cord, the spinal cord is divided into four parts:
cervical, thoracic, lumbar, and sacral spines, each contains several vertebras which have an array of nerve cells
(grey matter) and axons (white matter) sending the brain messages to the body. The human eye consists mainly
of the cornea and retina which creates the potential difference to make the eye movements which is the EOG
signal.

In this chapter, we will discuss the anatomy of the eye and spinal cord, and we will know more about
spinal cord injuries especially the quadriplegia and its degrees which will be so important to know the exact
health circumstances of the target patients to provide the best health care.

2.2 Foundation of EOG
In this section, we will outline the human eye anatomy to be familiar with how the EOG will be created.

Figure 2.1 shows the basic components of the eye when there is an active nerve in the retina, an increasing
potential with right gaze, and a decreasing potential of left gaze between it and the cornea will be founded, figure
2.2 shows the EOG signal for horizontal and vertical eye movements, this potential difference is the EOG signal
which can be used as an indication to know the activity of the eye like gaze direction and blinking by detecting it
using surface electrodes mounted as shown in figure 2.3.

Anatomy of a Normal Eye

Macula

Retina

Figure2.1: The Anatomy of The Eye
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Figure 2.3: The Placement of the EOG Electrodes.

Page|9



2.2.1 Physiological Background

The eye movements are controlled by three separate pairs of muscles, including the medial and lateral recti
and the superior and inferior recti and oblique as shown in figure 2.3.

Superior Rectus m. ’

Superior Oblique m.

Lateral Rectus m. Medial Rectus m.

Inferior Rectus m. Inferior Oblique m.

Figure 2.4: eye muscles

The function of these muscles is to stabilize and move the eye in a different directions, the distribution of
the muscles is symmetrical. Each of the three sets of muscles to each eye is reciprocally innervated so that one
muscle of the pair relaxes while the other contracts. Table 2.1 shows the location and action of each muscle.
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Table 2.1: Eye muscles location and function

Muscle Location Action
Superior rectus Superior and central Moves eyeballs
part of eyeball superiorly (elevation)
and medially

(adduction), and
rotates them medially.

Inferior rectus Inferior and central Moves eyeballs
part of eyeballs inferiorly (depression)
and medially

(adduction), and
rotates them medially.

Lateral rectus Lateral side of Moves eyeballs
eyeballs. laterally (abduction).
Medial rectus Medial side of Moves eyeballs
eyeballs. medially (adduction).
Superior oblique Eyeball between Moves eyeballs
superior and lateral | inferiorly (depression)
recti. and laterally

(abduction), and
rotates them medially

Inferior oblique Eyeballs between Moves eyeballs
inferior and lateral superiorly (elevation)
recti. and laterally

(abduction) and
rotates them laterally

2.3 Spinal Cord

The spinal cord is a bundle of nerve fibers and tissue which lies within spine forming the brain’s
connection to the body, any malfunction of it will cause a serious injury will affect the sensation and movements
of the body limbs and organs, one of the dangerous spinal cord injuries is paralysis with all of its types, the one
we will deal with is the quadriplegia.

2.3.1 Spinal Cord Anatomy and injuries

The spinal cord is encased within ring-shaped bones called vertebrae. Both the spinal cord and the
corresponding vertebrae are covered with a protective membrane which together forms the spinal column (or
backbone), figure 2.5 shows the vertebras of the spinal cord.
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A spinal cord injury is the result of damage to any portion of the spinal cord or the nerves at the base of
the spine. Damage to any part of the spinal cord can impact sensory, motor, and reflex capabilities because the
brain is unable to send information to the body.

Cervical Vertebrae

X
-
A\
%3 .
S Thoracic Vertebrae
h
,‘\-l.
|
,,‘.tx--‘
S
sxed Lumbar Vertebrae
i
> sf
Sacrum
{ Coccyx

Figure 2.5: The Vertebras of the Spinal Cord

The spinal cord itself contains an array of nerve cell bodies (grey matter) and axons (white matter) running
from the brain to the body with peripheral nerves exiting at openings throughout the vertebrae,

The central nervous system contains more than 100 billion neurons. Neurons are the simplest units that
make up the nervous system and are similar to the makeup of any other cell within the body except for their vast
potential to relay information through chemical and electrical signals, there are four types of neurons:

1. Motor neurons: Neurons that relay messages between muscles, organs, and glands.
2. Sensory neurons: Neurons that send signals to the brain and spinal cord from external stimuli and

internal organs.
3. Interneurons: Neurons that relay signals between sensory and motor neurons.
4. Receptors: Neurons that collect information from the environment and communicate messages through

the Sensory neurons.
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The spinal cord is divided into four sections, each controls a part of the body as shown in figure 2.7:

L]

Cervical

Thoracic

Sacral

Coccygeal

Figure 2.7: Spinal Cord Parts and its Associated Body Parts.

2.3.1.1 Cervical spine

The cervical spine is located at the very top of the spinal column as shown in figure 2.7. The seven
vertebral levels within this region, which are classified as C1-C7 from the top-down, form the human neck.

Cervical Spine

Figure2.7: The Cervical Spin
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C1, C2: The C1 vertebra, also known as Atlas, along with the C2 vertebra, also known as Axis, are the first two
segments in the cervical spine. These levels are especially important, as they support the head. The Atlas vertebra
pivots on the Axis vertebra which allows the head to rotate.

Injuries to the spinal cord at the C1 & C2 vertebral levels are considered to be the most severe of all spinal cord
injuries as they can lead to full paralysis but are most often fatal.

C3, C4, C5: The C3, C4, and C5 vertebrae form the midsection of the cervical spine, near the base of the neck.
Injuries to the nerves and tissue relating to the cervical region are the most severe of all spinal cord

injuries because the higher up in the spine an injury occurs, the more damage that is caused to the central nervous
system.

C6, C7, C8: The C6 and C7 vertebrae are the lowest levels of the cervical spine, near the base of the neck.
Injuries to the spinal cord corresponding to these regions of the spine have the potential to impact everything
below the top of the ribcage resulting in quadriplegia.

Patients with cervical spinal cord injuries will likely experience to some degree:

 Inability to breathe on one's own without assistance (C1-C4)

o Impaired ability or inability to speak (C1-C4)

o Numbness, tingling, or loss of feeling below the level of the injury
o Paralysis in the legs, torso, and arms

 Inability to control bladder and bowel function

« Inability to groom or dress oneself

2.3.2 Quadriplegia

Quadriplegia refers to paralysis from the neck down, including the trunk, legs and arms. The condition is
typically caused by an injury to the spinal cord that contains the nerves that transmit messages of movement and
sensation from the brain to parts of the body.

C5,C6, and C7 vertebrae are the lowest levels of the cervical spine, near the base of the neck. Injuries to
the spinal cord corresponding to these regions of the spine have the potential to impact everything below the top
of the ribcage resulting in quadriplegia.
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This chapter provides the theoretical background of the system shown in figure 3.1. Basically, the system

mainly consists of EOG amplifier, pressure sensor, controller, and electric motors.

Section 3.1 focuses on the emergence of an electrooculogram (EOG) signals, By the end of this section it
should be clear why the EOG signal occur, what they stand for, and what are the EOG amplifier components

required to acquire and amplify them to enable the controller read the signals accurately.

EOG
Amplifier [

Controller |J——————p Motors

Pressure
sensor S Y

Figure 3.1: General Block Diagram

3.1 EOG Amplifier

An electrooculogram (EOGQG) is the electric potential measured around the eyes, which is generated by the

corneo-retinal standing potential between the front and back of the eye.

EOG signal has been acquired through a two channel system (comprising of a horizontal and a vertical
channel) using Ag/AgCI disposable electrodes. The frequency range of EOG signal is 0.1 to 20 Hz and the
amplitude lies between 100-3500 micro volts [1]. Pairs of electrodes are generally attached either to the left and

right of the eyes (horizontal EOG component), shown in figure 3.2.

(=]
200

200
{ 100

F ‘ ‘ '—’_l>—@ 0
-100

Eyes moving 30° to the right

\ [V
F [ 100 = Time [g]

Eyes mowving 15° to the left

Figure 3.2: Horizontal EOG [2]
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Vertical eye movement (vertical component) and blink are shown in figure 3.3.

200
50 . "
15 Down direction
100 F l 4 =
>’: 50 | .
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Up direction Blink
-150 i . . i i i L
0 1 2 3 4 5 6 7 8

Time (sec)

Figure 3.3: Vertical and Blink EOG

General block diagram for the EOG amplifier is shown in figure 3.4, it illustrates the filtration and
amplification steps for the EOG signal. Firstly, an electrical background of the EOG signal will be discussed.

Pre-

Amplifier Filter ———>{  Amplifier

Figure 3.4: EOG amplifier block diagram

3.1.1 Surface Electrodes

An electrode is a medical device capable of transferring ionic current energy into electrical current in the
body that can be amplified to treat as well as diagnose several ailments and life threatening conditions. EOG
electrodes should be relatively non-polarizable such as standard medical electroencephalograph (EEG) or
electrocardiograph (ECG) electrodes, of a size appropriate for attachment to the side of the nose.

Medical electrodes have several types as:

1) Micro Electrodes: this type is used during electrophysiology experiments to record electrical activity from
neurons, but they can also be used to deliver electrical current into the brain or to neurons in culture in a process

called microstimulation.

2) Needle Electrodes: . needle electrode. A fine wire through which electrical current may flow when attached to
a power source; used to carry high frequency electrical currents that heat or destroy diseased tissue.
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3) Surface Electrodes: Surface electrodes are those which are placed in contact with the skin of the subject
in order to obtain bioelectric potentials from the surface as to get biomedical signal like ECG, EEG, and EOG.

Surface Ag/AgCl electrodes are the most common and favoured electrodes in clinical measurements for
recording biological signals such as ECG, EMG and EOG. One of the main advantages of using Ag/AgCl
electrodes is the low noise level it generates during biological signals recording. Ag/AgCl electrodes generate
lower electrode-skin interface impedance and lower electrode-skin interface impedance value than stainless steel
electrodes. They are also considered as non-polarizable electrodes; the non-polarizable nature of Ag/AgCl
electrodes allows the charges to cross the electrode-electrolyte interface unlike stainless steel electrodes.

3.1.2 Pre-Amplifier

Pre-amplifier is a precision device have high input impedance, low output
impedance, high common-mode rejection ratio, and low offset drift which is essential to
get the micro-voltsignal, in this case, the EOG signal, figure 3.5 illustrates the
schematic circuit of the pre- amplifier.

Figure 3.5: Pre-amplifier Circuit

ADG620 is a low cost, high accuracy IC that requires only one resistor to set
gain of 1 t01000, AD620 has 10G ohm input impedance, 100db common-mode
rejection ratio and low output impedance which reduces the distortion of the signal,
and with its wide power supply range (2.3 - £18 V) satisfies the signal pickup.
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3.1.3 Filter
The signal collected from the electrodes is filtered using a fourth order Butterworth low pass filterwith a cut off
of 30Hz to eliminate unwanted data.[3]

Butterworth filter is an accurate filter which passes the needed bandwidth; a higher orderproduces sharper
bandwidth. The filter also offers amplification of 1.56 to the signal

ADB822 IC consists of two cascaded amplifiers with £1.5V to £18V rail to rail supply, and with 1.6mA current
consumption, it has a maximum offset voltage of 800 volt and 2 uV/Co offset voltage drift. The minimum
common mode rejection ratio is 74dB, and the typical one is 90dB .

3.2 Pressure Sensor

A normal human tongue pressure has from 3.2 to 52.4 Newton [4], person who has been paralyzed from
the neck down and may not even be able to breathe on his or her own will still manage to move the tongue [5],
also if with less pressure, the sensor can detect it.

There is several sensors calculate the force applied like FlexiForce A201 shown in figure3.9 [6],
Xex761D shown in figure 3.10 [7], and FSR 406 shown in figure 3.11 [8].

Figure 3.9: FlexiForce A201 Pressure sensor

FlexiForce A201 actually is doesn’t appropriate to be used in this project because of its high actuation
force (about 4.4N) which will not sense the quadriplegic patient’s tongue pressure.

:
S —_&/

—

Figure 3.10: Xex761D Pressure Sensor.
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Figure 3.10 illustrates the Xex761D pressure sensor, Xex761D is a metallic sensor which cannot be
mounted on the cheek, so can’t be used in this project.

FSR406 shown in figure 3.11 is a thin layer sensor which easily can be mounted on the cheek; it has
suitable dimensions to receive the force of the tongue from a wide area of the cheek, and actuation force of 0.1N
which guarantees that it will receive the tongue pressure, FSR406 features are summarized in table 3.1.

Table 3.1: FSR406 pressure sensor characteristics.

Property Value

Actuation force 0.1 Newton

Force sensitivity range 0.1-10° Newton
Stand-Off resistance >10M ohm

Size 43.69 x43.69 mm
Switch travel 0.05mm

Device rise time <3 microseconds
Temperature operating range -30-+70 C°
Number of actuations (Life time) 10 Million

Figure 3.11: FSR406 Pressure Sensor.

Section 3.3 provides the theoretical background of the Arduino controller and their types. By the end of
this section, an appropriate Arduino type should be chosen, and it will be clear what are the controller features
does this project needs to achieve the wanted control.
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3.3 Controller
The microcontroller receives the medical signal from the sensors circuits, and processes them. It takes the
right decision of sending the signal to the next steps, Arduino controller is used to achieve this process.

Arduino is an open-source platform used for building electronic projects. Arduino consists of both a
physical programmable circuit board (often referred to as a microcontroller) and a piece of software, or IDE
(Integrated Development Environment) that runs on the computer, used to write and upload computer code to the
physical board.

The programing language is used in the project is LabView, by a special toolkit; it will be compatible
with Arduino hardware.

There are different versions of Arduino available which are: Arduino MEGA 2560, Arduino UNO,
Arduino MINI, and Arduino NANO. Table 3.2 lights the main features of different Arduino versions.

Table3.2: Comparison of Different Versions of Arduino

Arduino | MEGA 2560 UNO MINI NANO
version
Feature
Processor ATmega2560 ATmega328P ATmega328P ATmegal68
ATmega328P
CPU Speed 16MHz 16MHz 16MHz 16MHz
Analog 1/0 16/0 6/0 8/0 8/0
Digital 54 /15 14 /6 14 /6 14 /6
I0/PWN=M
Flash Memory | 256 32 32 16/ 32
(KB)
USB Regular Regular - Mini

Arduino UNO has an appropriate memory and digit/analog 1/0 pins, also it is available in the market with

relatively cheap price, figure 3.12 shows the Arduino UNO controller and its pins.
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Figure 3.12: Arduino UNO

Section 3.4 shows a brief explanation about electric motors with their types, at the end of the section, it
will be clear what the specific types of motors does this project needs.

3.4 Motors

An electric motor (or electrical motor) is an electric machine that converts electrical energy into
mechanical energy. Most electric motors operate through the interaction between the motor’s magnetic field and
electric current in a wire winding. This interaction generates a force (as per Faraday’s Law) in the form of torque
which is applied to the motor’s shaft. [9]

Medical mobility equipment requires long life, high torque DC brush or brushless gear motors to achieve
the long term performance and reliability that users expect.

3.4.1 DC Motor

A direct current (DC) motor is a type of electric machine that converts electrical energy into mechanical
energy. DC motors take electrical power through direct current, and convert this energy into mechanical rotation.
It has two major types; Brushed and brushless DC motors. [10]

A brushless DC motor is an electronically commuted DC motor which does not have brushes. The
controller provides pulses of current to the motor windings which control the speed and torque of the motor. [11]

In a brushed DC motor, the rotor spins 180-degrees when an electric current is applied to the armature. In
order to travel beyond the initial 180 degrees, the poles of the electromagnet must flip. Carbon brushes contact
the stator as the rotor spins, flipping the magnetic field and enabling the rotor to spin 360-degrees. Figure 3.13
shows a general description for brushed and brushless DC motors
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Brushed DC Motor Brushless DC motor

Figure 3.13: Brushed and Brushless DC Motors

3.4.2 Motor Driver

Driver is the interface between the controller and the motor; drivers are needed to supply the motor with
enough voltage and current which can’t be provided by the controller which gives a low-current signal to the
driver.

When choosing a motor driver, some features must be taken into account, as the driver supply, its output
voltage, number of output pins, how much current can stand with.

Motor drivers in general have four terminals on the input side, which are: supply, ground terminal, and
two inputs for stop and control the direction of rotation. Figure 3.14 shows the type of motor driver we used .

e . 4-1)
b BN s : ) 12

4: 60A mos DC motor driver

Figure 3.1

3.4.3 Torque and speed

These two parameters are vital in wheelchairs to ensure safe and efficient drive ofthe
wheelchair.

Torque is the twisting/turning force that causes rotation around an axis. In power wheelchairs this
is a function of appropriate gearing of the gear box to assure the powerbase cannavigate obstacles
effectively.

Most power wheelchair average a top speed of approximately 5 mph (about 8km/h). However,
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some power chair models can achieve maximum speeds of 10 mph (about 16km/h) and more.

3.5 Power Switch
A power switch as shown in figure 3.15 is important to be used to connect/disconnect any supply for any
component when needed.

When it is chosen, it must be taken into account how much voltage and current it can endure to avoid any
failure.

\ KCD4-201N-B Pl
30A 250VAC =

Figure 3.15: Power Switch

3.6 Battery
The DC motor at wheelchair needs to feed 24V, so we connected two of the batteries of 12
batteries at series , and because the DC motor needs a high current and in order for work most time
possible as possible so we want batteries with a high capacity ,and for that we use a battery with 94 AH,
as shown in the Figure 3.16.

Figure 3.16: 12V 94Ah battery

Page|24



And because the current coming from the wheelchair battery feeding is high and to increase the
safety of the patient, the EOG circuit was separated with two other batteries with a power of 12 so that we
could get a supply of 12 and -12, and a current capacity of 1.3, so that it could supply the special circuit
EOG, and also the Connect it to a protection switch for use when needed. as shown in the Figure 3.17.

Figure 3.17: 12V 1.3Ah battery
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This chapter illustrates the overall project’s design including the hardware components to achieve the
desired purpose; creating safe, effective, and low cost eye-controlled wheelchair fulfill the needs for people with
quadriplegia.

4.1 EOG System
As known, EOG signal is produced by eye movements, it is the potential difference between cornea and
retina, acquiring an accurate EOG signal will make accurate eye-gaze detection.

This section illustrates how does the EOG signal will be processed to obtain the pure EOG signal, Figure
4.1 shows the stages of processing the EOG signal.

Horizontal Pre- Low-Pass
Surface [ Amplifier Filter
Electrodes

Figure 4.1: EOG System Block Diagram

Another Block diagram of the same stages will be done for Vertical EOG signal processing, then, the two
processed EOG will be stored in the Arduino controller.

Arduino can receive analog input voltage of maximum 5 V, with EOG amplitude range of 100-3500 pV,
the overall amplification must be 1143 to have maximum output from the EOG system with 4V,

4.1.1 Surface Electrodes

The mechanism of electric conductivity in the body involves ions as charges. Picking up bioelectric
signals involves interacting with these ionic charges and transuding ionic currents into electric currents required
by wires. This transuding function is carried out by electrodes that consist of electrical conductors in contact with
the aqueous ionic solutions.

(Ag-AgCl) electrode —shown in figure 4.2- are used in this project for their high sensitivity and high
accuracy of detecting signals .In this project the electrodes will be put in fifth different places to detect the
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electrical signal from eyes muscle .One of these electrodes are put above the eye and the other under the eye, the
other two electrode will be put it in the left and on the right around the eye. The fifth electrode will be used as
reference.

Foam pad
Snap
2
Metal disk and electrolyte Vcﬁ\\“;
@x(‘:
Adhesive tack on
(T()p) (Bottom) surface of

foam pad

Figure 4.2: Ag/AgCI Electrodes.

Right and left electrodes pick up the horizontal eye movement EOG signal which make the horizontal
channel, meanwhile, the up and down electrodes pick up the vertical eye movement EOG signal which make the
horizontal channel. The fifth electrode will set as reference, figure 4.3 shows the vertical and horizontal channels.

Ground (R)
Vertical (V+4) e
: £
Horizontal (H+) 248 A Horizontal (H-)
Vertical (V-)

Figure 4.3: Horizontal and Vertical Channels.

4.1.2 Pre-Amplifier
As explained, EOG amplitude is between [100-3500]uV, according to this low amplitude, it needs
an accurate filtering and amplifying.

ADG620 with its high accuracy, low offset voltage of 50uV, and offset drift of 0.6 uV/C° is ideal to
be used in precision data acquisition systems such as this project; EOG acquisition.
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AD620 IC will be used with RG= 5.6kQ calculated according to equation 4.1 to get gain = 10.
Figure 4.4 shows the schematic to the AD620, whereas RG is connected to the pins 8 and 1.

49.9k
Av =

4.1)

Figure 4.4: Pre-Amplifier Circuit

4.1.3 Butterworth Low Pass Filter (LPF)

The output signal from the instrumentation amplifier is the input for the
Butterworth 4™ order LPF, which is used to hold the required frequency bandwidth
under 30Hz, the 4™ order LPF is designed by implant two 2™ order low pass filter
respectively, in which the output of the first one is the input for the second.

AD822 IC is used to design the LPF, it consists of two cascaded amplifiers as
shown in figure 4.5, each amplifier is used as 2" order low pass filter for its high
common mode rejection ratio of 80dB, and offset drift of 2 micro volt /C°

1

fc=2*ﬂ*R*C c.. 42
Av=1+5L 43
Rin
R \/
ouUT1| 1 8 |v+

v-[4] Apg2z” 5]

00874-001

Figure 4.5: Internal Circuit for AD822
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Using equation 4.2 with fc = 30 Hz for the LPF, and assuming C1=C2=C3=C4= 220 nf;

the resistors values R2=R3=R6=R7= 24kQ.

To achieve Butterworth filter, the gain must be 1.5 for each amplifier, using equation 4.3,
and assuming R5=R9=10kQ), and R4=R8= 15kQ as shown in figure 4.6.

c2

e

COR2|RI

A fhy
Cladkp
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CABV L

Figure 4.6: 4™ order low pass filter.
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4.1.4 Overall EOG system Circuit

The overall system consists of two circuits, one for horizontal gazing, and the
other for vertical gazing, which contains the input from the EOG electrodes to the
instrumentation amplifier, and the fourth order Butterworth low pass filter which gives
the filtered EOG signal to the Arduino, Figure 4.7 illustrates the overall EOG circuit.
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Figure 4.7: Overall EOG system
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4.2 FSR406 FlexiForce Sensor

The FSR406 FlexiForce sensor will works in parallel with the EOG system and its
signal will be sent to the Arduino, it will be connected with the controller with resistor Rm
which is used to limit the current. Figure 4.8 shows the equivalent circuit for the
pressure sensor.

v+

VOouT
RM

Figure4.8: Equivalent Circuit for the Pressure Sensor

The output voltage from the pressure sensor is derived by equation 4.5. Figure 4.9 illustrates the
variations of the output according to the variation in Rm with "5V supply.

RM VALUES

- e 100K
—r— 4 Tk
e Y s e 30k
s | Ok

e
i
= e 3
S 2 1‘/
» CM

V.

| 7 F vs. V for Part No. 402
— Interlink Force Tester
1 cm2 circular flat metal
0 - actuator

FORCE (g)

Figure 4.9: FSR406 Output Voltage and Force Due to Changes in Rm

Vout = =2+ (4.5)
RmM+Rfsr
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Table 4.1 shows the variations of Rfsr with variation in pressure force. With minimum
tongue force of 3.2N [5], and due to equation 4.4, to achieve output voltage appropriate to
Arduino which is less than 5V, 3k ohm with 12volt supply.

Table 4.1 variation of FSR Resistance Due to the Applied Force [6]

Force (N) FSR Resistance
None Infinite

0.2 30 k ohm

1 6 k ohm

10 1 k ohm

100 250 ohm

Figure 4.10 shows the pre-processing circuit.

Pre-
processing]

ONINaYY "=

% o [~ WMd) Tvirs1o

Figure 4.10: FSR406 Pressure Sensor Circuit
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4.3 DC Motors

DC motor is responsible for the forward, backward, turning right, and turning left
according to the coming signal from the controller after EOG analyze.

The used DC motors are the motors of the Puma40 electrical wheelchair which consumes
74Ah, the motors are supplied by 24 volts by two 12 volt chargeable batteries connected in
series, with 92.8Ah current supply, and maximum speed of 10km/h, figure 4.10 shows the
technical information for the Puma40 DC motors.

7.2 Technical information

Batteries Max. Unit
Maximum battery dimensions 260x172x210(10.2x 6.8 x8.3) mm (inch)
Maximum battery dimensions with Dahl system 260X 172x%x190(10.2x 6.8 X7.5) mm (inch)
Battery capacity 40/60/74 GEL; 50 AGM (Puma 20 only) Ah
Battery capacity with Dahl system 40/60 Ah
Maximum permissible charging voltage 24 \"
Maximum charging current 12 A (rms)
Connector type Controller

Insulation Class 2 double insulated Class 2 double insulated

Figure 4.10: Technical information for the DC motors

To acquire the desired current and voltage to the motors, drivers are used;
section 4.4 explains more about the used motor Driver.

4.4 MOS Dual Channel H-bridge DC Motor Driver

This module is super wide voltage motor driver; it can achieve 48Volts with 60A current, and can
control two motors as shown in figure 4.11, some of its features:
1- It has built-in 2 channel high power DC motor drive.
2- Small size: 70mm * 56 mm.
3- Good heat sink to keep good performance.
4- Control interface is very simple: Al, A2 = 0.0 for brake; Al, A2 = 1.0 for forward; Al, A2 =0.1 for
Reverse.PA for PWM wave input (motor speed regulation); G for common Ground (B channel for the
same control).
5- All MCU of 3.3 V and 5 V are can control this module, and only need one channel motor power

Page|34



<«——————/cm

A

..

2
-
+
&
%
|

Figure 4.11: MOS Dual Channel Motor Driver.

Figure 4.12 shows a detailed explains for the driver pins.

Drive module logic

Drive MOS tube heat sink,

power conversion chip, below the heat sink is a Motor Drive
ultra-wide voltage input high-performance, module power
(12V~30V) high-current MOS tube. indicator

The control interface Ultra-wide power

is very simple: input, voltage
When A1.A2=0.0, it is range up to
brake ¢ 12V-~30V
A1.A2=1.0is forward

rotation

A1.A2=0.1 is reverse
PA is PWM wave input
G control board
common ground pin
The maximum
frequency is 60KHZ
Up to 98% duty cycle
(Motor B is the same

Motor A output,
rated current up
to 60A, peak
current up to

T——— 160A.

Motor B output,

s rated current up
control

to 60A, peak
5V, 3.3V MCU are all c?jrrentzz to
works.

160A.

Motor A turn Motor B turn
indicator indicator

Figure 4.12: Detailed Explain for the Driver
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4.5 Power Supply

In this project, a 12V battery will be used to supply the system; table 4.2
shows thecurrent consumption of the system components.
Table 4.2 Current Consumption of the System.

Component Number of Quiescent
’sName Pieces Current

ADG620 2 2.6mA
AD822 2 3.2mA
Arduino At UNO 1 1.5mA
Total 7.3mA
Quiescent

Current

4.6 Overall system Circuit

in this section we simulate the circuit between the EOG signal and the FlexiForce sensor with the wheelchair ,

Figure 4.13 show the system circuit

FSR406 sensor {J)
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4.7 Flow Charts
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Figure 4.13: system Circuit

In this section, flow charts will clear the operating procedure for both eye controlling system and
the FlexiForce sensor to control the wheelchair. Figure 4.16 show the pressure sensor flow chart in the

project.
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Figure 4.14 illustrates the flow chart of the horizontal eye-controlling
system, whichmoves the wheelchair right and left.

15 there
press ol
the
Pressure
Sensar

Active the eye-
controlling system

v

\tr Yes

Stop the left DC motor
and run the right one

Yes

\’

Stop the right DL
mofor and run the
left one

Is there
Yes PreEss on
— pressure
i TENs0rT
Disnble the eve

controllng system

Figure 4.14: Horizontal Eye-Movement Flow Chart
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Figure 4.15 shows the flow chart for the up gazing.

Run the DC motors
for forward

Yes
fo?\(\:-a?: o Stop the DC motors

Figure 4.15: Upward Gazing Flow Chart
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Figure 4.16 shows the flow chart for the FSR406 pressure sensor.
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Figure 4.16: Flow Chart for the Pressure Sensor.
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Chapter Five

Testing and Results
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5.1 Overview

In this chapter, the results of testing the systems are shown; EOG Circuit, FelxiForce

sensor, and the overall system combined with the motors.

5.2 EOG System Tests

In this section, the testing results of the EOG circuit components will be illustrated and

discussed.

5.2.1 Fourth Order Low Pass Filter Testing

A fourth order LPF with gain=1.56 and critical frequency of 30Hz is used to achieve
sharper filtration of the signal by increasing the order, it designed using ad822 IC, figure 5.1
shows the output of the filter with 1 volt AC input at 30 Hz, which amplified to be 1.6V.
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Figure 5.1: Output From the 4" Order LPF at 30 Hz.
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Figure 5.2 shows the output of the filter with the same input voltage at 50 Hz, which
shows the decaying of the input at this frequency to 600mV which represents the noise signal

- e e =
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DutuCycle: 47,09% Yrms 18200

Vie: ~260mV

Figure 5.2: Output From the 4™ Order LPF at 50 Hz
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Table 5.1 shows the output voltages with 1V AC input at different frequencies.

Table 5.1: Output Values From the 4™ Order LPF at Several Frequencies.

Frequency 11 20 30 45 50
(Hz)

Output 2.3 2.16 1.64 700m | 600ml
Value

(Volt)

5.2.2 Horizontal EOG Test
EOG circuit is designed to give the EOG signal values for gazing right and left with
amplitude between 0-5 volts to be suitable as input for the Arduino, Figure 5.3 shows the EOG

circuit design which is tested on breadboard.

Figure 5.3: EOG Circuit on breadboard.
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Circuit shown in figure 5.3 gave an output between 0-5 volts and stored in LabView code
using Arduino, table 5.2 shows the output EOG values at gazing right.

Table 5.2: EOG Output for Gazing Right.

EOG 3.3 4.3 4.1 4.4 4.54 4.33 4.39 4.4 3.6
output
(Volt)

Table 5.3 shows the EOG output for gazing left.

Table 5.3: EOG Output for Gazing Left.

EOG 1.64 1.65 1.66 1.67 1.5 1.10 111 0.26 0.7
output
(Volt)

Figure 5.4 shows the output values from the EOG circuit in LabView software.

Millise,
’, $ .
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Figure 5.4: Output Values From the EOG Circuit
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Figure 5.5 shows the other values for moving eyes from left to the right, where the values
can be seen in rising.

'Eile Edit View Project Operate Tools Window Help
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Figure 5.5: Output Values From the EOG Circuit while moving eyes from left to the right

The output voltages illustrated the main feature of the EOG signal for gazing right and
left; EOG for gazing right gives values greater than gazing left, so by using value of 2.5 as
reference, any value lower than it represents gazing left, and any value more than it represents
gazing right, it is important to know that the output values for the EOG signal been read by the
Arduino immediately when the eye moved, which make an excellent time response for the eye-
controlling-system.
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In order to make more accurate system, the circuit is designed on PCB; because PCBs
have less noise and the electronic components will be fixed more on it. Figure 5.6 shows the
design of the EOG circuit using Ultiboard software to print it as PCB.

Figure 5.6: Design EOG Circuit in Ultiboard Software.

Figure 5.7 illustrates the EOG circuit on PCB board.

Figure 5.7: EOG Amplifier and Filter Circuit on PCB Board
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Section 5.3 explains the testing and results of the FSR406 FelxiForce sensor.

5.2.3 Eye-Driving-System Code

Figure 5.8 shows the code for the system, which will control the two DC motors

according to the gazing direction which is decided by the value of the EOG signal.

Waveform
Chart 2

|
Pins 7,8
for the right
Pins 12,13
for the left motor

Pin 9 PWM for
the right motor
Pin 10 PWM for
the left motor

Figure 5.8: Eye-Driving-System Code
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Running this code is conditioned by getting a value from the FlexiForce sensor over than
1.5. When it activated, a comparison will be done for the EOG value to decide the direction of
the eye gazing, then, the signal will be sent to the motors; at right gazing, the right motor will be
stopped and the left one will be activated, for left gazing, the opposite will be done, for if the
user want to go back; he/she can rotate the wheelchair 180° by gazing either to the right or the
left.

The second press on the sensor will send zero as a reading for the sensor, which makes
the condition false, in this case, the eye-controlling-system will be deactivated, and the two DC
motors will move forward. Figure 5.9 illustrates the code for this case.

Figure 5.9: False Case for the Eye-Driving-System
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5.2.4 Vertical EOG Analyzing

As shown in figure 3.3 in chapter three, the EOG signal for the vertical eye movement is
distinguished by the increasing and decreasing rhythm, it decrease, then increase, then decrease,
so the derivative of this signal will be negative, then positive, then negative, if this rhythm
detected; the two DC motors will be stopped, otherwise, the motors will move forward, so the
user can break the wheelchair by looking forward. It is important to know that the vertical EOG
code is note conditioned by the FSR406 output; it is activated all the time

Figure 5.10 shows the vertical EOG analyze code, and the case of true which is means
that there is an upward gazing.

autput waveform

Square Vil

Figure 5.10: Vertical Gazing EOG Code, and Case True.
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Figure 5.11 illustrates the false case which means that there is no upward gazing.
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Figure 5.11: False Case of Vertical EOG
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5.3 FSR406 FelxiForce Sensor Test

Flexiforce sensor is used as a switch for the eye-driving-system; to let the user turn on the
system just when it needed, and look freely otherwise. Figure 5.12illustrates the result when a
press is done on the pressure sensor, where the LED represents the running the eye-driving-
system.

appended array miilliseconds to wait 2

2 Al 50
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1.96777 Frzlz=m
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2.30957T
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Figure 5.12: Press on the FlexiForce Sensor

The values in the array are the values came from pressing on the FlexiForce sensor,
where the first value is compared with the threshold of 1.5, if exceeded, the case will be true and
the eye-driving-system will be activated-which is represented as LED for testing-.

Figure 5.13 shows the result of other press on the sensor, which will send value of 0 to
the first box of the array which is less than the threshold, so the case will be false and the eye-
driving-system will be deactivated.
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Figure 5.13: Second Press Result.
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Figure 5.14 shows the code which will get the readings of the FelxiForce sensor,
compare it with the threshold, and then inter it to an array, and the next press will inter zero.

Figure 5.14: FSR 406 FlexiForce Sensor Code.
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5.4Switching System
For more safe usage, a switching system is designed, it will be explained in this sections

5.4.1 Power Switches

A switches are designed between the wheelchair and EOG circuits
batteries, and the other systems; to decrease power consumption, figure 5.15 shows the
two switches; the bigger for the wheelchair battery, which stands with more current up to
20A, and the smaller one for the circuits battery which stands with current up to 4A.

Figure 5.15: EOG Circuits and Wheelchair Battery Switches.

5.4.2 Driver Switches

The wheelchair has a built-in driving system, instead of delete it, a
switches are designed in order to switch between it and the eye-driving-system. Figure
5.16 shows the drivers’ switches.

Figure 5.16: Drivers Switches

The upper switches for the Eye-driving-system, and the lower ones for the
wheelchair driving system.
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5.5 System Code

Figure 5.17 shows the overall code in cases of True.
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Figure 5.17: Overall Code with All Cases True
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Figure 5.18 shows the overall code with cases false.
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Figure 5.18: Overall Code with Cases False
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5.6 NI-myRio-1900 Controller

Using Linx library with labview software decreases the efficiency of the
Arduino controller in which it can’t give the wanted frequency for the driver, so myRio-
1900 controller is used.

The National Instruments myR10-1900 is a portable reconfigurable 1/0 (R10)
device that can be used to design control, robotics, and mechatronics systems. Figure
5.19 shows the myRi0-1900 controller.

Figure 5.19: NI myRio0-1900 Controller

5.6.1 NI myRi0-1900 features

NI myRi0-1900 has three 1/0O ports to be connected with digital and analog
inputs and outputs; figure 5.20 illustrates the three ports of the controller.
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Figure 5.20: Ports A,B and C for myRio-1900 controller
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Table 5.4 shows the main features of the myRi0-1900 controller, which meets the needs
of the driver.

Table 5.4: NImyRio-1900 main features.

Processor speed 667MHz
Analog input resolution 12 bits
Overvoltage protection +16V

Analog Inputs 6 (for all ports)
Analog Outputs 4 (for all ports)
Digital 1/0 22 (for all ports)
PWM 100 kHz
Power supply 6 to 13V DC
Ambient temperature 0-40 C°

5.6.2 NImyRio Code

Making the code of the myRio controller just needs to replace the Linx
functions with myRio configuration functions to select PWM frequency, analog and
digital 1/0 pins, and duty cycle. Figure 5.21 shows the code created using myRio
controller in case the eye-controlling-system is activated.
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Figure 5.22 shows the myRio code in case the eye-driving system is off
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Figure 5.22: Eye-driving-system Code Using myRio in Case False.
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5.7 Challenges
Designing an eye-controlling-system is a challenging work, especially in making it to be
suitable for people with quadriplegia, the prominent problems in achieving this project:

1- EOG signal is a millivolt signal, which makes it easily affected by any noise, so the filtration
step must be very accurate, because of the a fourth order low pass filter is used.

2- The controller which is combatable with LabView software which is myRio is very expensive,
its cost starts from 500 dollar, to solve this problem, Linx library is used to upload the LabView
code to the Arduino controller.

3- In order to keep the joystick driving system which is built in the wheelchair, a switching
system is made between it and the eye-controlling-system driver, the user can switch between
driving systems using the switches.

4- To make the usage of the wheelchair safe and comfort for people with quadriplegia, it must be
fully controlled by eyes and tongue, so a FlexiForce sensor must be added to the system to
control the eye-controlling-system.

5- To prevent any overlapping between right and left gazing EOG values, a safe region is made
between 2-2.5 volts, which represents the forward gazing, which makes the wheelchair move
forward.

6- The Flexiforce sensor can be used only just for one purpose, so it was just used as a switch for
the eye-controlling-system.

7- Vertical eye gazing EOG signal is hard to be analyzed, it is not as simple as horizontal, which
made it hard to classify upward gazing.

8- Mounting the FlexiForce sensor on the cheek cause some undesired voltage created by the
movement of the cheek, to solve this problem; a threshold of 1.5volt is used as reference, so this
value will not be reached unless the user press deliberately on the sensor.
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5.8 Using Instructions
Here are the user instructions for using the wheelchair in correct way:

1-Put the electrodes as shown in figure 2.3 in chapter two.

2- Mount the FelxiForce sensor on the cheek in where it is easy to press on it by tongue.

3- Turn OFF the wheelchair switch and turn ON the eye-driving-system switch.

4- Turn ON the wheelchair and EOG switches.

5- To start directing the wheelchair by eyes, press on the FlexiForce sensor and follow table 5.5

6- To stop the eye-driving system press another time on the FelxiForce sensor.

Table 5.5: Wheelchair Control According to Eye Movements

Eye Movement Wheelchair control
Gazing right Turning right
Gazing left Turning left
Gazing up Break

5.9 Future Work
To get the best exploit of the achieved systems, here are some suggestions for a future
work:

1- Use the eye-driving-system in modifying cars to be suitable for people with quadriplegia.

2- Implement more accurate coding methods for classification of eye gazing, as more
mathematical analysis for the EOG analysis or using artificial intelligence.

3- Get approval for manufacturing this project to be ready for people with quadriplegia’s usage.
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APPINDIX A
Datasheet for ""AD620A"

ANALOG
DEVICES

Low Cost, Low Power
Instrumentation Amplifier

AD620

FEATURES
EASY TO USE
Gain Set with One External Resistor
(Gain Range 1 to 1000)
Wide Power Supply Range (+2.3 V to £18 V)
Higher Performance than Three Op Amp IA Designs
Available in 8-Lead DIP and SOIC Packaging
Low Power, 1.3 mA max Supply Current

EXCELLENT DC PERFORMANCE (“B GRADE")

50 nV max, Input Offset Voltage

0.6 pV/°C max, Input Offset Drift

1.0 nA max, Input Bias Current

100 dB min Common-Mode Rejection Ratio (G = 10)

LOW NOISE
9 nV/VHz, @ 1 kHz, Input Voltage Noise
0.28 pV p-p Noise (0.1 Hz to 10 Hz)

EXCELLENT AC SPECIFICATIONS
120 kHz Bandwidth (G = 100)
15 ps Settling Time to 0.01%

APPLICATIONS

Weigh Scales

ECG and Medical Instrumentation
Transducer Interface

Data Acquisition Systems

Industrial Process Controls

Battery Powered and Portable Equipment

PRODUCT DESCRIPTION
The AD620 is a low cost, high accuracy instrumentation ampli-
fier that requires only one external resistor to set gains of 1 to
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Figure 1. Three Op Amp IA Designs vs. AD620
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reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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1000. Furthermore, the AD620 features 8-lead SOIC and DIP
packaging that is smaller than discrete designs, and offers lower
power (only 1.3 mA max supply current), making it a good fit
for battery powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 uV max and offset drift of
0.6 uV/°C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces. Fur-
thermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of Superfeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9 nV/VHz at 1 kHz, 0.28 uV p-p in the 0.1 Hz to 10 Hz band,
0.1 pA/NHz input current noise. Also, the AD620 is well suited
for multiplexed applications with its settling time of 15 ps to
0.01% and its cost is low enough to enable designs with one in-

amp per channel.
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ADBZU_SPEC I FI CATI UNS (Typical @ +25°C, Vs = =15V, and R, = 2 kQ2, unless otherwise noted)

ADG620A AD620B AD620S'
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units
GAIN G=1+(49.4 KRg)

Gain Range 1 10,000 1 10,000 1 10,000

Gain Error’ Vour =10V
G=1 0.03 0.10 0.01 0.02 0.03 0.10 %
G=10 0.15 0.30 0.10 0.15 0.15 0.30 %

G =100 0.15 0.30 0.10 0.15 0.15 0.30 %
G =1000 0.40 0.70 0.35 0.50 0.40 0.70 %
Nonlinearity, Vour =-10Vto +10V,
G =1-1000 Ry =10 kQ 10 40 10 40 10 40 ppm
G =1-100 Ry =2kQ 10 95 100 95 10 95 ppm
Gain vs. Temperature
G=1 10 10 10 ppm/°C
Gain >1° -50 -50 -50 ppm/°C
VOLTAGE OFFSET (Total RTI Error = Vg + Voso/G)

Input Offset, Vog; Vs=+5Vto£15V 30 125 15 50 30 125 uv
Over Temperature Vs=45Vi0£15V 185 85 225 uv
Average TC Vs=+5Vto£l5V 03 1.0 0.1 0.6 03 1.0 uv/eC

Output Offset, Voso Vs=£15V 400 1000 200 500 400 1000 uv

Vs=45V 1500 750 1500 uv
Over Temperature Vs=45Vto£l5V 2000 1000 2000 nv
Average TC Vs=+5Vtw0o+15V 50 15 25 1.0 50 15 uv/eC
Offset Referred to the
Input vs.
Supply (PSR) Vs=123Vto+18V
G=1 80 100 80 100 80 100 dB
G=10 95 120 100 120 95 120 dB
G =100 110 140 120 140 110 140 dB
G = 1000 110 140 120 140 110 140 dB
INPUT CURRENT

Input Bias Current 05 2.0 05 1.0 05 2 nA
Over Temperature 2.5 1.5 4 nA
Average TC 3.0 3.0 8.0 pA/°C

Input Offset Current 0.3 03 05 0.3 1.0 nA
Over Temperature 0.75 2.0 nA
Average TC 1.5 1.5 8.0 pA/°C

INPUT

Input Impedance
Differential 10[2 10[|2 10/2 GQ|pF
Common-Mode 10[2 10/2 10[2 GQ|pF

Input Voltage Range® Vs=+23Vtwo 5V -Vs + 1.9 +Vg-1.2 | -Vs+1.9 +Vg-12 | -Vs+1.9 +Vs-12 |V
Over Temperature -Vs +2.1 +Vs-13 [ -Vg+2.1 +Vs-13 [ -Vg+2.1 +Vs-13|V

Vs=45Vto+18V Vs +1.9 +Vs—1.4 | -Vg+1.9 +Vs-1.4 | -Vg+1.9 +Vs-14 |V
Over Temperature -Vs +2.1 +Vs-1.4 [ -Vg+2.1 +Vs-1.4 | -Vg+2.3 +Vs-14 |V

Common-Mode Rejection
Ratio DC to 60 Hz with
1 kQ Source Imbalance | Vey =0Vto£10V

G=1 73 90 80 90 73 90 dB
G=10 93 110 100 110 93 110 dB
G =100 110 130 120 130 110 130 dB
G =1000 110 130 120 130 110 130 dB
OUTPUT
Output Swing Ry =10 kQ,
Vs=423Vto15V Vs + 1.1 +Vs—1.2 | -Vg+ 1.1 +Vs-12 | -Vg+ 1.1 +Vs-12|V
Over Temperature Vs + 1.4 +Vs-13 [ -Vs+1.4 +Vs-13 [ -Vs+1.6 +Vs-13 |V
Vg=45Vto+18V Vs +1.2 +Vs-1.4 | -Vs+1.2 +Vs-1.4 [ -Vs+1.2 +Vs-14 |V
Over Temperature -Vs + 1.6 +Vs-1.5 [ -Vs+1.6 +Vs-15 | -Vs+2.3 +Vs-15|V
Short Current Circuit +18 +18 +18 mA
-2- REV. E
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AD620

AD620A AD620B AD620S'
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units
DYNAMIC RESPONSE
Small Signal -3 dB Bandwidth
G=1 1000 1000 1000 kHz
G=10 800 800 800 kHz
G =100 120 120 120 kHz
G =1000 12 12 12 kHz
Slew Rate 0.75 1.2 0.75 1.2 0.75 1.2 Vips
Settling Time to 0.01% 10 V Step
G =1-100 15 15 15 us
G =1000 150 150 150 us
NOISE
Voltage Noise, 1 kHz Total RTI Noise = \:f(ezm, )+(epno /GY
Input, Voltage Noise, e,; 9 13 9 13 9 13 nVAHz
Output, Voltage Noise, ¢, 72 100 72 100 72 100 nVAHz
RTI, 0.1 Hz to 10 Hz
G=1 3.0 3.0 6.0 3.0 6.0 uv p-p
G=10 0.55 0.55 0.8 0.55 0.8 uv p-p
G =100-1000 0.28 0.28 0.4 0.28 0.4 uv p-p
Current Noise f=1KkHz 100 100 100 fANHz
0.1 Hz to 10 Hz 10 10 10 PA pp
REFERENCE INPUT
R 20 20 20 kQ
In Vines Vrer = 0 +50 +60 +50 +60 +50 +60 pA
Voltage Range -Vs + 1.6 +Vs-1.6 [ -Vs+1.6 +Vs-1.6 | -Vs+1.6 +Vs-1.6 [V
Gain to Output 1+ 0.0001 1+ 0.0001 1+ 0.0001
POWER SUPPLY
Operating Range* +2:3 +18 +2:3 +18 +2.3 +18 v
Quiescent Current Vs=423V10 18V 09 1.3 09 13 09 1.3 mA
Over Temperature 1.1 1 1.1 1.6 L 1 mA
TEMPERATURE RANGE
For Specified Performance -40 to +85 -40 to +85 -55 to +125 °Cc
NOTES
!See Analog Devices military data sheet for 883B tested specifications.
Does not include effects of external resistor R;.
*One input grounded. G = 1.
“This is defined as the same supply range which is used to specify PSR.
Specifications subject to change without notice.
REV. E 3=
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APPINDIX B
Datasheet for ""AD822""

ANALOG
DEVICES

Single Supply, Rail-to-Rail
Low Power FET-Input Op Amp

AD822

FEATURES
TRUE SINGLE SUPPLY QOPERATION
Output Swings Rail to Rail
Input Voltage Range Exlends Bekow Ground
Single Supply Capability from +3 V to +36 V
Dual Supply Capability from =1.5 V1o =18 V
HIGH LOAD DRIVE
Capacitive Load Dirive of 350 pF, G = 1
Minimum Output Current of 15 mA
EXCELLENT AC PERFORMANCE FOR LOW POWER
B0 whA Max Quiescent Current per Amplifier
Umity Gain Bandwidth: 1.8 MHz
Slew Rate of 3.0 VWps
GOOD DC PERFORMANCE
B0 pV Max Input Offset Voltage
2 pV/C Typ Offset Voltage Drift
25 pA Max Input Bias Currant
LOW NOISE
13 n¥/Hz & 10kHz
NO PHASE INVERSION

APPLICATIONS

Battery Powerad Precision lns trumeantation
FPhotodiode Preamps

Active Filters

12- to 14-Bit Data Acquisition Systems
Meadical Instrumentation

Low Power References and Regulators

FRODUCT DESCRIPTHON

The ADSZZ is a dual precision, low power FET input op
amp that can operate from a single supply of + 3.0V to 36 V,
or dual supplies of £ 1.5 V to+ 18 V. [t has true single supply

m

NPUT WOLTAGE OISE - nii e
B

na m L} T
FREQUEN GV ~Hz

fmput Voltage Nodse vs. Frequency

REV. A

i ke i i e Bry Anakog Denices b5 Delieved 10 Be acourate and
rdiainks. Howerver, no recspon s Bl y s assumed by A nalog Device s Tor its
W5, mar for any infringerments of patents or alhar rights of Mimd pares
which ey resull o s use Mo Boense B gramed by mplicalion o
afersiss under any pateni or pakem fghts of Anakog Deices

CONNECTION DIAGRAM
B Pin Flastic DIF, Cerdip and S00C

ﬂ..ITIE' [a] we

'""“'EEI_;}-[ 7] um
i 1] q‘n i
1|:| Az

[T apazz

capability with an input voliage range exending below the
negative rail, allowing the ADB22 (o sccommadate inpul signals
bedovw groumd in ihe single supply mode, Owipui volixge swing
extemds to within 10 mV of each rail providing the madnmm
oavipul chmsmiic range

Oiffsei wlh;gr ol B V' max, odTset 1m|1;gt~ il of 2 uVrec,
imipai b v ids Below 25 pod and low ingait voltage noise
|mwi||m e e ion with souroe i||||mLa||u'ﬂ: up leva {Lig;ulun
1.8 MHz unity gain bandwidih, -93 dB THD at 10 kHz and

3 Vius skew rale are |rrm"i|ln|.wi1||. a low !:1||r||-|}' cwrreni of

BiWb A peor am plifier, The ADS22 drives wp 1o 350 pF of dired
capacitive load as a follower, and provides a minimum owtpui
ourrerd of 15 mA. This alkows the amplifier to handle a wide
range of load comditions, This combdnation of ac amd de
performandce, phis (he oulstanding loxd drive capability, resulls
i an e xoeptionally versatile amplifier for the single supply user

The ADS22 is available infour performance grades. The A and
B g.ml.ﬂi ane rated over the industrial temperature range of
APC 1o +85°C, There b abo a 3 voll grade—the ADH2ZA -3V,
rated over the industrial temperature ange, The mil grade &
ratesd over the military temperature rangs of -55°C 1o +125°C
anel s avaiilable processed on standard military drawing
The ADRL2 is offered in three varisdies of § pin |m'k;gt~: ||-|a1'r|'
L1P, hermetic cerdip and surface mount (SOICT & well & die
form.

Gain of +2 Ampifier Vg = +5, 0 Wy = 2.5 V Sime Contered
at 1.25 Volls, B = 100 kil

Ona Technobogy Way, PO Box 9106, Norwood, BUA 030629106, LS A
Tek 617 /X29-4700 Fax: 617/ Xb6-8T03
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AD822—SPECIFICATIONS . - 0.5 wsts @1, +25°¢. v = 04, ¥yy - 02V s ctpenise nots

ADEEEA ADEEER ATEEES!
Paramwier Caomal i thoms Min Typ Max | Min Typ Max | Min Typ Max | Uniis
DL PERFORMAMNCE
Tt al Oefioed [N ] k] [N ] o4 o k] my
B il oo T e et o 0% 1E 0% 049 0% my
O i Dl 2 2 4 [T
Inpen Bias Correm Vesg=0ViadV ) ] 2 i0 2 ] A
at Taaax 0% & 0ns 25 0% nt
Inpan Odfzet Cirrem z bl ) ia 2 bl A
a1 Thanx 0.5 s 1.5 nt
Open-Loop Galn Vo=0Z2ViadV
Ry= 10k 500 1000 500 1000 500 1000 Wmy
T 18 Tranx 400 A Vimy
Ry= 10k &Q 150 =0 150 =0 150 Wmy
T 18 Tranx &0 &0 Vimy
Ry= 1k 15 30 15 o] 15 i} WmV
T 18 Tranx 10 10 Vimy
MO S ETH AR MON IC FERFOR MANCE
Inpent Woliage Mok
00 Hz e 10 Hz z z z WY p-p
= 10Hz 25 25 5 mYy v Hie
= 100 Hz 21 21 21 ¥ WHe
f=1kHz 18 16 18 oy W HE
=10 kHz 3 3 13 ¥ WHE
Inpant Cumrven i M odsae
00 Hz e 10 Hz [ [ 1% tﬁ.p'i
i =1kHz 0s 0s [E] aivHz
Harmemis 1 sieat bom Rp= 10kiaZ5Y
= 10&Hz VomDIFY @475 W ] 83 -5 db
L A RIE FER FORMANMCE
Lty G ain Froguenty ] ] ] M HE
Fulll Pormer R spon e Yapp=43¥ ZI0 ZI0 210 Hz
Shew Hane 3 ] 3 Wips
Setuling Thme
LLERAN B VamDZIV w45y K] K] K] .3
N CLO I8 1.5 1.5 1.8 =3
MATCHING CHARACTERISTICS
Lo e I Ol 1.0 0% L& my
e il O T e s e 1.8 1. ml
Ol D ik 3 3 [T e
I B Cmre A 1 A i)
Croasial @ (= | KHz Ry = 5 kil =1E0 -130 -1 b
o= 100 kHz -9 43 93 b
IMNPUT CHARACTERISTICS
Commmicn Mok Vollage Range” -0z 4 -0F 4 -0F 4 L)
Tard 10 Trgnx -0z 4 -0.F 4 L)
CMER Yeu=0VWia+ZV 1] B0 2] o] i =0 fa13]
T 18 Thanx BE ] clE
Input Tmpechince
D e remiial 1003 10'qos ' fHpF
Commeon Mok 10'qzs IN'qEs In'qEs fHpF
OUTPFUT CHARACTERISTEES
Ortprut Sasuration Wollage
1||'n|_—1l':: ]m = Iﬂ I.ﬂ -\5 J' -5- J' -5- J' I1I.'ll
T 10 Thanx p[u} p[u} m¥
YW o lorwipes = 20 A 1o 14 15} 14 1 14 m
T 10 Thanx il il m¥
Yor-Yem lgra = ZmA A0 35 A0 35 L L] 35 m
T 18 Thanx = = m¥
YW o lorwpes = E mA &0 (R[] &0 (R[] =0 (R[] my
T 18 Thanx 1E0 1E0 m¥
1I'n|_-1I':: ]m = 15 mA E00 S0 E00 S0 300 S0 my
T 18 Thanx N0 N0 m¥
1!'.:1:—"!':” ]mln:': = 15 mA =00 1500 =00 1500 00 1500 my
T 18 Thanx 1500 1500 m¥
Oype ra iin g Ot ol C ot 15 15 15 mi
T 18 Thanx 1Z 1E mh
Caguditive L ood Dirive x50 x50 x50 ol
FOWER SLUIFFLY
e e el et Tgey 86 T x 124 1.8 1.Z4 1L& 1.E4 m
Power Supply Rejecfion Vet =53 WioliV T =14} ] Ta B
T“H LL=] Tm_.. T ] cllB

Page|66



. Wayr = 0V unlkess olhanrise noled)

ADB?E—SPECIFICATIUNSM 215 wolis & T, = +25°C, Vg = OV

ADEEER A EEES!
P arsanweder Comnditions Min Twp Max | Min Ty Max | Min Typ Max | Uniis
DT PERFORMAMNCE
Tt kall Cfifcei o4 z 0% 15 0.4 20 my
Bl Do ower T mmipee ra sore 05 3 0% x5 0% my
et Dirith 3 4 z [Ty
Impert Bias Curre V=0 W ] 5 2 12 4 25 i
YVipi==10% 40 40 A0 pA
al Thiax YVepi=0W 0% 5 0% 25 0% nf
Impedt Ot Cumrent z m 2 12 2 i [ 18
an Thiax 0% 0% 1.5 nf
(perm- Lo p Galin Wo= 10 Vio-10V
Ry = 100 &k S0 ] S0 o i A0 ] Y m
T 10 Thisn 500 500 Yim
Ry = 10k L) 00 pLC] 500 150 ALK Wm
Toars 10 Trasn 1060 L] Y m
Ry=1k 30 45 a0 45 a0 4% Wmy
TMH L[] TM_-._. ] Wmy
MOISEHARMONIC PERFORMANCE
Impent Woliage ™ okwe
01 Hz e 10 Hz ] 4 2 EV pp
=10 Hz ) e 5 ny v H:
0= 10N Hix zl Zl zl oy v Hs
f=1kHz 16 16 LL] my v Hs
=10 kHz 13 L E] [E] ny v H=
lmpan Cwmreni Mo
01 He e 10 Hz £ 1% 1= 4 pep
f=1kHz (k] =k 2] hHz
Hanmeonie [ Esforibon Ky = 10k
f =10 kHz Yo=200Y -85 83 -85 b
O MAMIC FER FORMANCE
Lim ity Crain Freguenty 1.9 1.9 1.8 wiHz
Full Poswer B speomse Vapp=20% 45 45 45 i Hz
Hew Raie ] 3 3 Wi
Seniling Thme
T 0L 1S YomQWiazlV 4.1 41 41 B
1o 0013 43 4.5 4.5 s
MATCHING CHARACTERISTICS
Imid Eall Ofieed E ] z a8 my
wlan Ol Orver Te mngpee ramare 4 z5 1.0 my
Ol D ] 3 [FL L
Impan Bias Currend 5 1z 25 (G
Crossialk & (= 1 kHz Ry = 5 &1 =130 -130 -130 b
= 100kHz a3 23 -5 B
IMPLUT CHARACTERETICS
Cemmon -Sdesde Vollage Ramge ™ -15.2 14 -152 14 -5z 14 N
T 10 Tranx -13.z 14 -153.2 14 L
CMER Yeum-13 WiolZ VW TQ & T4 0 m 0 db
Tiaed 10 Dagax T T4 513
Impun Impechince
D e reniial 10" g0s 10 oS 10" oS HpF
Common Mok 1n'es 1028 n'zs 2pF
OLUTPUT CHARACTERISTIECS
O g | Sasuration Vollage®
1|l'n|_—1|l'r|.- ]m = I‘ﬂ l.ﬂ. -5- :r -5 :r -5 :r l1l.'|lI
Trars 10 Tpanx 10 1o mYy
VoW o Isowipce = 30 i 1 14 18] 14 L] 14 my
Trars 19 Thranx i e my
1I'n|_—1ll|,-|,- ]m = Fmi A 55 A0 35 A 535 mYy
Trard 10 Thaax =0 =0 mYy
1||'|:-|:—1||"_-._| ]mln:'; = 2 mA =0 110 =20 110 =0 1o my
Trars 10 Tpanx &0 &0 mYy
You-¥em larae = 15 mA o0 SO0 30 500 e 300 m¥
Thars 19 Thanx JE i A] A aA] my
VoY o Igmpew = 15 mA =00 1500 00 1500 o iE] 1500 | m¥
Trard 10 Thaax 1500 pE ] mYy
e ra i g, ool prodl. v ire il Z0 il et} mh
Trars 10 Tpanx 15 15 A
Capaditive Lo Dirive 50 30 0 pF
POWER SLUPPLY
G fescen . Curmat Topes 0 Thasx 14 L& 14 1B 14 mA
Power Supply Rejeciion ¥+t =3 ¥Wioli ¥ T =0 L] &0 Ta &0 cB
Tars 10 Thpgax Ta i ] fa 13
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W =0, 3valls & Ty= +25°C, Vigy =0V, Vo = 02 ¥ unlkess alherwise nated)

ATEEEA -3V
Paranweder Caonditions Min Tvp Max Uniis
B PERFORMARMCE
Tt il (i oE ] m¥
Bla Ot over T e e ore 0% 15 m¥
(et Drif 1 [T
Imp e Bia s Cuorent Vepi=0Wio+2 W 2 = P
al TM-._q [ 5 i
Imp e Ol set Cemrent 4 fui A
ai TMl._q s i
s - Lcszs p el VoelZVwIVY
Ry = 100 & o] j{aus] Yim
Tors 10 Tanx ] Yim'
Rp= 10k &0 150 YimV
T 10 T &0 Yimy
Ry= 1k 10 ] Ymy
'[';-.-Eq.; m'[';..u,._ ] YWim'
MO S ETHARMONM IC FERFOR MAMCE
Inpan Viediage ™eoise
0.0 Hz e 10 Hz z Y p
= 10Hz 5 n¥ "Hz
= 100 Ha z ¥ WHz
M= 1kHz 16 ¥ WHz
=10 kHz 3 W WHE
Irpan Cumrenn Mok
0.1 Hz i 10 Hz LE i pq-%
f=1kHz 0 i/
Harmemie Do o By= 10kt L5V
I= 10 kHz Va2l 25N -8z B
0% MAMIC FERFORMANCE
Linity Ceain Fraguency 1.5 WHz
Full Pewwer R sponse Vapp=25V E40 kH=
Shew Rane k] Vs
Sedling Thme
LSRN R VoaulZVoZIsV s
Lo L0 1% 14 s
MATCHIMNG CHARACTERISTICS
Lt Rl o 1 my
Bolin O ifor O T g el e k4 m¥
ket Dirith z [T
Inpedl Birs Camrent 10 P
Crosalk & (= 1 kHe Ry = 5 ki -1’30 B
f= 100 &H: -a% 143
INPUT CHARACTERETICS
Commen-Mode Vollage Range™ -0z F4 L)
Trar 10 Toanx -0.F F4 ¥
CMER Vou=0Wia+l 'V &0 T B
Ty 10 Toanx &0 B
I el Irngsecharec e
Diferenal 10" o fHpF
Commen Mok n'qzs HpF
OUTPFUT CHARACTERISTESS
Oragru Sasorbon Vollage®
¥or-¥ex lsgrae = 20 1 5 T [T
T 10 Tranx 10 ¥
1i'¢'h;—1l'i_1.| |5q_-||_'n:'r = F |.l.|'|. 10 14 m
Trard 19 Toanx i) m
1i'n|_-1l'rr |5q'_q,|_ = FmA 40 5 my
Trar 10 Toanx -] m
Yor—¥om lsrwimew = 2 mA &0 110 Y
Ty 10 Toanx 1E0 m
1i'n|_—1l';r |5q'_-\.u = 10 mds frai i} A0 m
Trar 19 Thanx A0 m
1!'-:'\.;—1llﬂ.| |5q_-||_'p|:'r = 10 ma 0 pl ] m
Toars 10 Ty Jli] m¥
Dype rating Owtlpadl Corremnt 15 e
T“_-g|tl T:q,-p._q 1z s
Capaditive Lo Drive &30 pF
PFOWER SUPPFLY
QH.IH.'H“ gy e TM_-E ‘:ITM‘._q 124 1.8 i
Power Supply Rejec@ion Vegr=3%ioldV L) =0 di
Tm_-glﬂ TM_I._q T fa | 1]
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APPINDIX C

Arduino 3 mod B+ pin specification

In Circuit Serial
Programming (ICSP)

Header for USB
ATmegaléU2

Serial Clock
Serial Data

Crystal Oscillator

-
H
=]
(v}
Q
)
w
N
©

Serial Port TX
Serial Port RX

NI DOTVNVY

In Circuit Serial
Programming (ISCP)
Header for ATmega328

NC : No Connection
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APPINDIX D
FSR406 Pressure Sensor

INK 00®
NICSO0®

Sensor Technologies

FSR 406 Data Sheet

Features and Benefits

Actuation Force as low as 0.1N
and sensitivity range to 10N.

Easily customizable to a wide
range of sizes

Highly Repeatable Force Reading;
As low as 2% of initial reading
with repeatable actuation system

Cost effective
Ultra thin; 0.45mm
Robust; up to 10M actuations

Simple and easy to integrate

Industry Segments

Game controllers
Musical instruments
Medical device controls
Remote controls
Navigation Electronics
Industrial HMI
Automotive Panels

Consumer Electronics

FSR 400 Series Square Force Sensing Resistor

Description

Interlink Electronics FSR™ 400
series is part of the single zone
Force Sensing Resistor™ family.
Force Sensing Resistors, or FSRs,
are robust polymer thick film (PTF)
devices that exhibit a decrease in
resistance with increase in force
applied to the surface of the sensor.
This force sensitivity is optimized
for use in human touch control of
electronic devices such as automotive
electronics, medical systems, and in
industrial and robotics applications.

The standard 406 sensor is a square
sensor 43.69mm in size. Custom
sensors can be manufactured in sizes
ranging from 5mm to over 600mm.

Figure 1 - Typical Force Curve Figure 2 - Typical Schematic
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Interlink Electronics - Sensor Technologies

www.interlinkelectronics.com

Page|70



I
€

NTERLINK ©0®
L RO

ECTRONICSOO®
Sensor Technologies
Applications

Detect & qualify press
Sense whether a touch is
accidental or intended by
reading force

Use force for UI feedback
Detect more or less user
force to make a more intuitive
interface

Enhance tool safety
Differentiate a grip from a touch
as a safety lock

Find centroid of force
Use multiple sensors to
determine centroid of force

Detect presence, position, or
motion

Of a person or patient in a bed,
chair, or medical device

Detect liquid blockage
Detect tube or pump occlusion
or blockage by measuring back
pressure

Detect tube positioning

Many other force
measurement applications

FSR 406
P/N: 30-73258

Device Characteristics

Feature Condition Value* Notes
Actuation Force 0.1 Newtons

Force Sensitivity Range 0.1- 10.02 Newtons

Force Repeatability3 (Single part) | + 2%

Force Resolution® continuous

Force Repeatability3 (Part to Part) | +6%

Non-Actuated Resistance 10MwW

Size 43.69 x 43.69mm

Thickness Range 0.2-1.25 mm

Stand-Off Resistance >10M ohms Unloaded, unbent
Switch Travel (Typical) | 0.05 mm Depends on design
Hysteresis® +10% R, -R/R,

Device Rise Time <3 microseconds measured w/steel ball
Long Term Drift <5% per Iogw(time) 35 days test, 1kg load
Temp Operating Range (Recommended) -30-+70°C

Number of Actuations (Life time) 10 Million tested Without failure

* Specifications are derived from measurements taken at 1000 grams, and are given as one standard

deviation / mean, unless otherwise noted.

1. Max Actuation force can be modified in custom sensors.

2. Force Range can be increased in custom sensors. Interlink Electronics have designed and

manufactured sensors with operating force larger than 50Kg.

3. Force sensitivity dependent on mechanics, and resolution depends on measurement electronics.

www.interlinkelectronics.com
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APPINDIX E

"DC motor driver "

%6044 High Power MOS Dual Channel H-bridge DC
ARDUINO Motor Driver Module

Description:
This module is super wide voltage motor drive (theory highest can amount to 60V), general can
achieve 48v, using high quality power MOS, Therefore, the max, Current can be up to 60A, This
module can be used for general high power DC motor drive, stable performance, therefore, very
suitable for robot competition, a chariot race, Freescale competition, etc.

Features:

1- Use SMT, high integration, superior layout design, very beautiful, small size, built-in 2 channel high
power DC motor drive, drive module size only 70mm * 56 mm.

2- Wide heat sink in the large current may be effective for drive module heat, keep good stable
Performance.

3- The module maximum rated current 60A, and the on resistance only 0.003 ochms,

4- Switch frequency is high, the most accessible 60KHZ, so ef fective to debug motor.

5- Control interface is very simple: A1, A2 =00 for brake: Al, A2 = 1,0 for forward. Al, A2 = 0.1 for
Reverse PA for PWM wave input (motor speed regulation): & for common Ground (B channel for the
same control).

6- All MCU of 3.3 Vand 5 Vare can control this module, and only need one channel motor power
supply (12 V ~ 48V).

Specifications:
1) Size: 7O0mm * 56 mm * 18 mm
2) Positioning Hole :Diameter=3 mm 4 holes distribution, the spacing for 62 mm * 48 mm.

More Detailed Photos:

Wwhhy
rEROy

Made in China
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APPINDIX F
" NI myR10-1900"

USER GUIDE AND SPECIFICATIONS

NI myRIO-1900

The Mational Instraments myBIO-1900 is a portable reconfizurable I'0 (FI10) device that
students can use to desizgn control, robotics, and mechatronics systems. This document contains
pimowts, connectivity information, dimensions, mounfing instructions, and specifications for the
I myPIO-1900.

Figure 1. NI myRIO-1300

1 NI myRIC-1300 8 LEDs

7 myRI0 Expension Port (MXF) Bregkowts {One 7 Minl System Port (MSP) Screw-Taminal
Included in KIt) Connector

3 Power Input Cabis 8  Audo In/Out Cabies (One Includad In KIf)

4 ISB Davice Cable 9 Buttond

& WSB Host Cable (Nof Includad In Kit)
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Hardware Overview

The NI myRI0-1900 provides anzlog input (AT), analog outpat (AQ), digital input and ourpuat
(D10, audio, and power output in a compact embedded device. The NI myRI0- 1900 connects

o a host computer over USH and wireless 802.11b.g.n.

The following fizure shows the amangement and functions of WI myRI0-1900 compoaenis,

Figura 2. NI myRIO-1900 Hardware Block Diagram
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. I !
: i :

Page|74



The following Szore and table show the sipnals on Mini
that some pins carmy secondary functions as well as primary fanctions

i Systemn Port (MSF) connector . Mot

Figura 4. Primary/Secondary Signals on MSP Connactor C
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Table 2. Descripfions of Signals on MSP Connectar G

Signal Nams Referance Direction Description
+L5W-15W AGHD Crutpnat +15 Wi-15 W pomer oafpat
AT+ ATD-; AGND Input =10V, differentizl analeg input
ATl +/AT1- channels, Pafar to the dnalos Input
Channels section for more informmation.
AQ =0 1= AGHD Crutput =10V referenced, zingle-ended analog
cuiput channels. Befer to the dnalog
Ouiput Channels section for more
information.
AGHND MNA N/A Feference for analog input and owtput
and +15 Wi-15 V power owtput.
+5V DGHND Crutput +5 W power output.
DI <3._T= DiEHD Inpat ox rensral-purpose digital lines with
Crutput 3.3V output, 3.3 V5 Vecompatble
input. Befer to the DO Limes section for
moare information.
BB HA NiA Reference for digital lines and +5 W
DROWET orufpt.

Page|75




Table 3. Descriptions of Signals on Audio Connectors

Signal Name Reference | Direction Description
ATUDIO IM MNA Imput Laft and right mdio imputs on stereo
COnnectorn
AUDIO OUT MNA Chutput Laft and right madio cuipuis on stareo
COnnectorn

Analog Input Channels

The NI myPI0-1900 has analog input channels on myPI0 Expansion Port (WC{P) connectors A
and B, Mini System Port (M5F) connecter O, and a stereo andio inpuat connector. The analog
inpufs are multiplexed to 2 single analog-to-digital converter (AT that samples all channels.

LIXTP connectors A and B have four single-ended analog input channels per connecior, ATH-AT3,
which you can use to measure (-3 WV signals. M5P conpector C has two high-impedance,
differential amalog input channels, AT0 and ATY, which yon can nse fo maasure signals up to
=10V, The awdio inputs are left and mght stereo line-level inputs with a =25 WV fll-scale range.

Mote Forimportant information abont improving measuremeant accuracy by
reducing noise, go 10 ni . com, info and enter the Info Code analogwiring.
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Fipure 5 shows the analog input topology of the NI myPI0-1200.
Figure 5. Ml myRI2-1200 Analog Input Circuitny
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Analog Output Channels

The W1 myBIO-1900 has analog ontpat channels oo myBRI0 Expansion Port (M) connectors
A snd B, Mini System Port (M5F) connector C, and a stereo andie ountput comnector. Each
analog cutput channe] has a dedicated digital-to-analog converter (DAC), so they can all npdate
simmltaneonsly. The DACs for the analog owtput channels are controlled by two serdal
commmmicaton buses from the FPEA WP connectors A and B share one bos, and M5P
comnector O and the audio outpuis share a second bus. Therefore, the maximum update rate is
specified as an aggregate Sgure in the dnalog Ouwiput section of the Specifeanons.

AP connectors A and B have two analog output channels per connector, AO0 and AOL which
Vol can use to gensrate -3V signals. MSP connector © has two analeg owtput channels, AOQQ
and AQI, which you can use to generate signals up to =10V, The andic outputs are left and right
stered line-level ouipats capable of drving headphones.
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