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II  

 الإهداء

 

 

 

 إلى معلمنا و لائدنا و لدوتنا وشفٌعنا سٌدنا محمد علٌه أفضل الصلاة و أتمّ التسلٌم

 إلى من اصطفاهم الله لٌرسموا طرٌك الحرٌة بدمائهم, شهداءنا الأبرار

 إلى من ضحّوا بأعمارهم خلف لضبان سجون الإحتلال , أسرانا البواسل 

 ملاحم الفخر و البطولة, الأسرى المضربٌن عن الطعام إلى من سطّروا بأمعائهم الخاوٌة أروع

إلى لبلتنا الأولى, إلى رمز كرامتنا و عزّنا, إلى الذي ألصى غاٌاتنا أن نصلً فٌه ولو ركعة 

 رباط, لكل حجر إسلامً عربً فً المسجد الألصى

 نا العزٌزات الى اللواتً رأٌننا بملبهن لبل أعٌنهن, الى من هً الجنة تحت ألدامهن, إلى أمهات

 إلى من ٌصلون النهار باللٌل من أجلنا, إلى آبائنا الكرام

 إلى من نفتخر بهم, إلى سندنا أخوتنا و أخواتنا الأحباّء

 -من بعد الله–إلى من حفروا فً للوبنا لبل عمولنا منارات الأخلاق و العلم, إلى من سٌبمى فضلهم 

 رمتاجاً على رؤوسنا,  معلمٌنا و معلماتنا الأكا

 إلى من شكّ معنا طرٌك النجاح, إلى من نفتخر ونعتز بإشرافه علٌنا, الأستاذ علً عمرو

 الرحمة و الشٌخ صالح عمل  لدعم مشروعنا, جمعٌة شًءإلى من لم ٌبخلوا بأي 

 إلى مصدر فخرنا وعزنا, إلى صرحنا العظٌم, جامعة بولٌتكنن فلسطٌن
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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 is a 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 . 

 

 

 

 



IV  

 الملخص

 

 

عدد المصابٌن بالإعاقات الحركٌة بإرتفاع متزاٌد, فقدان القدرة على التحكم بالأطراف بسبب الحوادث 

و الحروب هو سبب رئٌسً للإعاقات الحركٌة, الإعاقات الحركٌة تحد من القدرة على إتمام الأنشطة الٌومٌة 

اب مما ٌساهم بعزله عن المجتمع. أٌضا, فقدان القدرة على التحكم بالأٌدي للمصابٌن للمص الاجتماعٌةو 

 ٌعقد عملٌة تصمٌم كرسً متحرك ٌلبً احتٌاجاتهم. ببالشلل الرباعً هو تحدٍ صع

فقدان القدرة على التحكم بالأٌدي عند المصابٌن بالشلل الرباعً ٌشكل تحدِ جدّي فً بناء كرسً  

. الهدف من هذا المشروع هو استثمار حركات العٌن و اللسان للمصابٌن فً  اتهممتحرك ٌلبً إحتٌاج

الإشارة الكهربائٌة  و ترشٌح تصمٌم نظام تحكم للكرسً الكهربائً قادر على استقبال الناتج من عملٌة تكبٌر

إٌقاف  المستخدم تشغٌل وللعٌن لتحلٌل هذه الإشارة للتحكم بحركة الكرسً, مع حساس ضغط حتى ٌستطٌع 

 تشغٌل نظام القٌادة بالعٌن.

للزيادة في الأهاى, حن إضافت حساس هُثبج على الخذ يسخقبل الضغطاث هي اللساى, بحيث يسخطيع  

الوريض أى يسخخذهه لخشغيل و إيقاف حشغيل ًظام القيادة بالعيي, هوا يجعل الوريض يسخطيع الٌظر بشكل 

 ., و يريذ فقط أى يسير بشكل هسخقين يحر عٌذها لا يريذ حشغيل ًظام القيادة بالعي
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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. 

 

Table1.1: 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 

https://www.spinalcord.com/bladder-function-after-sci
https://www.spinalcord.com/bladder-function-after-sci
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Top Causes of Spinal Cord Injuries 

Auto Accidents 

Falls 

Gunshot Wounds 

Motorcycle Accidents 

Diving 

Complications 

 

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. 

 

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 
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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] 
 

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 
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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 

 

 

 

 

 

Table 1.4: Time Line for the Second Semester 

 

Week 

 
 
Activities 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Implementation                

Testing                

Documentation                

 

 

Week 

 
 
Activities 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Finding Project Idea                

Proposal                

Search and Collecting Data                

Documentation                

Preparing for Presentation                

Print Documentation                



P a g e   | 6  

1.9 Budget: 

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

 

Table 1.5: Project Cost  

Component Quantity Price for each 

component  

Price $ 

Electrodes wires 5 4 20 

Electrodes paddles  20 3 60 

FSR406 FelxiForce sensor 1 25 25 

Switch 

button 

20A switch button 5 4 22 

4A switch button 1 2 

Motor Driver 1 73 73 

PCB Boards  9 9 

IC’s: 

 

 

   AD620   2 01 09 

AD822  2 9 

Resistors & Capacitors 22 - 3.5 

Connection 

Wires  

1mm wire 01  meter - 13.5 

5 mm wires 5 meter - 

2mm wire 5 meter  - 

3×3mm wire 6 meter  - 

Sockets 20 - 1 

Plastic cleats 2 3 2 

Battery 2 15 30 

Wheelchair battery 2 350 700 

Wheelchair battery Charger 1 100 100 

Puma 40 wheelchair 1 7000 7000 

Total Price - - 8028 $ 
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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. 

 

Figure2.1: The Anatomy of The Eye     
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Figure 2.2(a): Right and Left EOG Signal  

 

Figure 2.2(b): Vertical and Blink EOG[1] 

 

Figure 2.3: The Placement of the EOG Electrodes. 
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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. 

 

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 

part of eyeball 

Moves eyeballs 

superiorly (elevation) 

and medially 

(adduction), and 

rotates them medially. 

Inferior rectus Inferior and central 

part of eyeballs 

Moves eyeballs 

inferiorly (depression) 

and medially 

(adduction), and 

rotates them medially. 

Lateral rectus Lateral side of 

eyeballs. 

Moves eyeballs 

laterally (abduction). 

Medial rectus Medial side of 

eyeballs. 

Moves eyeballs 

medially (adduction). 

Superior oblique Eyeball between 

superior and lateral 

recti. 

Moves eyeballs 

inferiorly (depression) 

and laterally 

(abduction), and 

rotates them medially 

Inferior oblique Eyeballs between 

inferior and lateral 

recti. 

Moves eyeballs 

superiorly (elevation) 

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. 

 

          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: 

 

 

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.  

 

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) 

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

 Numbness, tingling, or loss of feeling below the level of the injury 

 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.     
 
 

 

 

 

 

 

 

Figure 3.1: General Block Diagram 

 

3.1 EOG Amplifier 

An electrooculogram (EOG) 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/AgCl 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.  

 

Figure 3.2: Horizontal EOG [2] 

EOG 

 Amplifier 

 

Pressure 

sensor  

Controller  Motors 
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Vertical eye movement (vertical component) and blink are shown in figure 3.3. 

 

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. 

 

 

 

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. 

Pre-

Amplifier 
Filter Amplifier 
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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-volt signal, in this case, the EOG signal, figure 3.5 illustrates the 

schematic circuit of the pre- amplifier. 

 

 

Figure 3.5: Pre-amplifier Circuit 

 
 

AD620 is a low cost, high accuracy IC that requires only one resistor to set 

gain of 1 to 1000, 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 filter with a cut off 

of 30Hz to eliminate unwanted data.[3] 

Butterworth filter is an accurate filter which passes the needed bandwidth; a higher order produces sharper 

bandwidth. The filter also offers amplification of 1.56 to the signal 

AD822 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 800µ volt and 2 µV/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. 

 

 

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
2
 Newton 

Stand-Off resistance >10M ohm 

Size 43.69  ×43.69 mm 

Switch travel  0.05mm 

Device rise time <3 microseconds 

Temperature operating range -30 - +70 C
o
 

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 

           version 

 

Feature 

 

 

 

MEGA 2560 UNO MINI NANO 

Processor ATmega2560 ATmega328P ATmega328P ATmega168 

ATmega328P 

CPU Speed 16MHz 16MHz 16MHz 16MHz 

Analog I/O 16 / 0 6 / 0 8 / 0 8 / 0 

Digital 

IO/PWN=M 

54 / 15 14 / 6 14 / 6 14 / 6 

Flash Memory 

(KB) 

256 32 32 16 / 32 

USB Regular Regular - Mini 

 

 

 

 

 Arduino UNO has an appropriate memory and digit/analog I/O 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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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  . 

 
Figure 3.14: 60A mos DC motor driver 

3.4.3 Torque and speed 

These two parameters are vital in wheelchairs to ensure safe and efficient drive of the 

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 can navigate 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. 

 

 

 

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  
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            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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Pre- 

Amplifier 

Horizontal  

Surface 

Electrodes 

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. 

 

   

 

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 µV, 

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 

Low-Pass 

Filter 
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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. 

 

Figure 4.2: Ag/AgCl 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.   

 

Figure 4.3: Horizontal and Vertical Channels. 

  

 

4.1.2 Pre-Amplifier 

As explained, EOG amplitude is between [100-3500]µV, according to this low amplitude, it needs 

an accurate filtering and amplifying. 

 AD620 with its high accuracy, low offset voltage of 50µV, and offset drift of 0.6 µV/C
o
 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= 5.6kΩ 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.  

   
      

  
                    (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 4th order LPF, which is used to hold the required frequency bandwidth 

under 30Hz, the 4th order LPF is designed by implant two 2nd 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 2nd order low pass filter for its high 

common mode rejection ratio of 80dB, and offset drift of 2 micro volt /Co 

 

        
 

       
  . . . . 4.2 

 

            
  

   
  . . . . 4.3 

 

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= 24kΩ.  

 

To achieve Butterworth filter, the gain must be 1.5 for each amplifier, using equation 4.3, 

and assuming R5=R9= 10kΩ, and R4=R8= 15kΩ as shown in figure 4.6. 

 

 

 

Figure 4.6: 4
th

 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. 
 
 
 

 

 
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. 

 

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. 

 

 

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

 

 

     
     

       
              (4.5) 
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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. 

 

 

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. 

 

 
 

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: A1, A2 = 0.0 for brake; A1, A2 = 1.0 for forward; A1, 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  
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Figure 4.11: MOS Dual Channel Motor Driver. 

 

 
 

Figure 4.12 shows a detailed explains for the driver pins. 

 
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 the current consumption of the system components. 

Table 4.2 Current Consumption of the System. 

 

Component
’s Name 

Number of 
Pieces 

Quiescent 
Current 

AD620 2 2.6mA 

AD822 2 3.2mA 

Arduino At UNO 1 1.5mA 

Total 
Quiescent 
Current 

 7.3mA  

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  

 

Figure 4.13: system Circuit 

4.7 Flow Charts 

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, which moves the wheelchair right and left. 

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

 

 

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

 

 
 

Figure 4.16: Flow Chart for the Pressure Sensor. 
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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. 

 

 Figure 5.1: Output From the 4
th

 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. 

 

Figure 5.2: Output From the 4
th

 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
th

 Order LPF at Several Frequencies.  

Frequency 

(Hz) 

11 20 30 45 50 

Output 

Value 

(Volt) 

2.3 2.16 1.64 700m 600ml 

 

 

  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 

output 

(Volt) 

3.3 4.3 4.1 4.4 4.54 4.33 4.39 4.4 3.6 

   

 Table 5.3 shows the EOG output for gazing left. 

Table 5.3: EOG Output for Gazing Left. 

EOG 

output 

(Volt) 

1.64 1.65 1.66 1.67 1.5 1.10 1.11 0.26 0.7 

 

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

 

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. 

 

 

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. 

 

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
o
 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. 

 

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. 

 

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. 

 

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. 

 

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. 

 

Figure 5.17: Overall Code with All Cases True 
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Figure 5.18 shows the overall code with cases false. 

 

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 myRIO-1900 is a portable reconfigurable I/O (RIO) 

device that can be used to design control, robotics, and mechatronics systems. Figure 

5.19 shows the myRio-1900 controller. 

 

 

Figure 5.19: NI myRio-1900 Controller 

 

 5.6.1 NI myRio-1900 features 

 NI myRio-1900 has three I/O ports to be connected with digital and analog 

inputs and outputs; figure 5.20 illustrates the three ports of the controller. 

 
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 myRio-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 I/O 22 (for all ports) 

PWM 100 kHz 

Power supply 6 to 13V DC 

Ambient temperature 0-40 C
o 

   

 

 

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 I/O 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 5.21: Eye-driving-system Code Using myRio in Case True.  
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Figure 5.22 shows the myRio code in case the eye-driving system is off 

 

 
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''
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APPINDIX B 

Datasheet for ''AD822'' 
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APPINDIX C 

 

Arduino 3 mod B+ pin specification 
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APPINDIX D 

FSR406 Pressure Sensor 
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APPINDIX E 

"DC motor driver " 
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APPINDIX F 
" NI myRIO-1900" 
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