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ABSTRACT

The Sign Language Recognition Glove project’s goal is to design an improve sign language glove that will surpass previous similar designs, providing better results regarding accuracy in gesture recognition. The sign language glove designed in this project must also be affordable, wearable, flexible and durable. The design will include a glove that will have attached flex sensors. The flex sensors will be connected and powered by an Arduino Controller Board, which will capture de data from the flex sensors attached to the glove. After the data is captured, it will be translated by Arduino and then, the result, sent to the output device which is an LCD screen. The Arduino UNO R3 Controller Board will be programmed with a written code that will be uploaded to the board, using an USB cable, from a computer.
This project will approach the accuracy of sign language translation approaching easy signs like letters of the alphabet because ASL language letters are done with one hand, so for this project one glove and the components for it, will be enough. For the sign recognition, flex sensors will be used to detect the finger bend angle which will help showing the position of the finger in the sign made. Having the position of the finger will help recognising the sign that was made. This recognition will be made by the processor of an Arduino UNO R3 Controller Board which will send the letter matching the gesture to the output. The output is an LCD screen connected to the Arduino board. The Arduino Board is programmed with the help of Arduino software which is very popular and user friendly due to its active online support community. With the aid of the software, a programming code is written to help setting up the controller board.
After the glove was designed and built, tests were done to adjust the code for the components used (sensors don’t have same resistance which needs to be measured after they are attached to the glove). Once the measurements are completed and code is tested, sign languages for alphabet letter are tested. Due to the similarity and the need of “moving sensing” of some letters, they had to be removed from the tests as for making a difference between signs and sense the motion of the hand, other technologies need to be added to the project which are subject to future designs and developments.
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Sign Language is the only easy option that mute or deaf people have in order to communicate, even if it is with other mute or deaf people or with other segments of society. There are other ways like writing notes which is not that practical and using a translator which is not so cheap. Every day activities become a nuisance for mute or deaf people due to the communication barrier. The most popular sign languages are American Sign Language (ASL) and British Sign Language (BSL), popular for mute or deaf people.
The barrier, created by sign language, between sign language users and non-users, separates the sign language users in the society. Other people that would learn the sign languages are only the family of the mute or deaf people and the society is not going in a good direction regarding this issue as even the professional translators which are used for all the sensory loss communication cases (professional translators are used to help  people that are deaf or have hearing loss, blind, partially sighted or have dual sensory loss)  number is quite low compared to the number people with sensory loss[1]. 
The separation between sign language users and non-users make life harder for sign language users. Socializing, traveling, shopping, eating out, GP appointment, job interview, attending higher education or any other activities that people consider as being everyday life activity are restricted for sign language users. Sign language users would not have many options to access the above-mentioned activities. An option would be translators, but translators are expensive and not so easy to get. Would be difficult for a sign language user to attend to a job interview and write on paper answers or questions. In theory this might be possible, but hard to believe that this would really happen and if so, the outcome would be a positive one. Sign language is not promoted in the society and even the author of the project had no knowledge of sign language before starting this project. What the solution might be to remove the communication barrier and to ease access to everyday activities for sign language users?
In 2013 the Welsh government applied the Standards : “All Wales Standards for Accessible Communication and Information for People with Sensory Loss” which is a set of standards that would help people with sensory loss (deaf or have hearing loss, blind, partially sighted or have dual sensory loss) to access NHS services easier[1] . In 2017 the Sensory Loss Information Standard was introduced in Wales, meaning that all GP hospitals have technology to facilitate people with sensory loss to access NHS services[1]. Even with that, people with sensory loss, still have issues accessing NHS services, according to a study in 2017 on 384 people: 54% of people leave their GP unclear about their diagnosis or how to take their medication, 38% said doctors or nurses did not speak clearly or spoke to quickly, 28% said the appointment was not long enough to communicate properly, 52% said that doctors or nurses did not check that they had been understood regarding the diagnosis or medication, 29% said that they have to ask a family member, friend or support worker to call their GP surgery on their behalf, 42% of Deaf British Sign Language users said communication at their appointment was not adequate because they did not have an interpreter, only 4% were asked by their GP if they need support to contact them and understand what is said in the appointment, 46% said that they had to rely on written notes[1]. Health services are just an example of difficulties deaf and mute people have to live a normal life, other examples beside everyday activity, would be being getting a job or getting in higher education[1]. The deaf and mute segment struggle to fit in the society and extra support would facilitate this process.
Maybe translators would be an accessible solution with some support from the government. According to The National Registers of Communication Professionals working with Deaf and Deafblind People [2] at the end of 2017 there were 1428 registered communication professional in UK and according to British Deaf Association[3], a small number taking in consideration that according to Department for Work & Pensions[4], Action On Hearing Loss(AOHL) [1] estimates that, in UK, there are 11 million Deaf and Hard of Hearing people above age of 17 and according to Consortium for Research into Deaf Education[5],in 2016, there were 48,075 deaf children and young people and it is estimated by AOHL that by 2035, in UK, there will be 15,6 million people with hearing loss which is the equivalent of one-fifth of the population which makes hearing services and support more important in the future.
To help solving this issue there were a lot of projects trying to address this issue with the help of devices that would translate sign languages but most of them remained in the developing stage due to the multitude of technologies required in the design for an accurate translation of a sign due to the complexity of sign languages which have signs that are similar(some signs differs through motion of the hand, wrist angle or finger movement)[6]. 
The author thinks that an affordable, wearable, durable sign language recognition device, that can output the translation of the sign through writing and, after further development, in sounds, might be a solution to remove the communication barrier between sign language users and non-users.



    
[bookmark: _Toc202288058][bookmark: _Ref202288793][bookmark: _Toc266447525][bookmark: _Toc7523497]Aim

The aim of the project is to design and implement a glove that would translate handmade signs in to words displayed on a screen connected to the glove.


[bookmark: _Toc266447526][bookmark: _Toc7523498]Objectives  

The objectives of the project are:

· Survey the literature that would help this project
· Familiarize with sign language mechanics
· Familiarize with Arduino Board
· Research sensors that detect finger and hand movement
· Build a glove that would detect signs, made using fingers, accurately
· Develop a database letters from sign language
· Develop a software that helps the Arduino microchip to match a sign made, to a letter
· Program the Arduino Microchip to send the matching letter to the LCD.
· Program the LCD to display the letter
· Evaluate the results and conclude the work.
· Find future improvement for the design and present them



[bookmark: _Toc7523499]Project methodology 

The project methodology can be split in 4 main sections:
· Research process
The research process is cross-sectional as throughout the process, snapshots are being taken with a situation and discussed.

· Research philosophy
The research philosophy is positivism as there are performed objective experiments throughout the project. The reliability of the results is high as results are recorded and snapshots presented.
· Methodology
The methodology is inductive as it involves collecting data and analysing it.
· Data collection
Data was collected through development and experiments as well. This is because a software was developed for this project and it was tested on the designed gloved through experiments and the results were stored, analysed and presented.

[bookmark: _Toc7523500]Risk Assesment

There are several risks that might affect the outcome of this project. In order to prevent that, the author took measures that would eliminate or lower these risks.
One of the risks when writing a project through a longer period of time is that the data might get corrupted or it might be lost. To prevent this, the author backed up the project’s data in several different places like external hard drives, public file hosting websites, email and different computers.
As the project includes hardware devices, the author tried to get at least two from each component where this was achievable. 
The software used in this project was often checked on related forum and kept up to date where the update did not affect in a negative way the results of the project.
Working with electricity there is always a risk of short circuit. To prevent that, the components used in this project were safely secured and protected so they will not get in contact with other components when not needed.
The overuse of hardware components might provoke use and tear and that is why the components are checked every week.
Injuries are prevented by securely and safely fit the components of the device and by positioning and storing the device carefully.
Electrocution is another risk in projects that involves electricity. The lowest lethal voltage is 25V[6], a value a lot higher that the voltage used in this project( 5V).
The author will adopt a professional approach in prevent any other possible risks that might appear during this project implementation.


[bookmark: _Toc7523501]Project Schedule

The schedule of this project was created and displayed in a Gantt Chart presented in Figure 1.
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[bookmark: _Toc7523502]Structure of the project

This project has 3 main sections. The first section consists in the research of the related works and find the appropriate components to achieve the goal of the project. The second section is where the final design is created and tested using the components found in the previous section. The third section contains the results and conclusions.

The main sections are presented in this work across 6 chapters.

Chapter one presents an overview of the project. The overview contains the aims, objectives, risk assessments and schedule of the project. All these are essential to achieve the goal of this project.

Chapter two illustrates the research that would help choosing the components of the design and software needed to program the components.

Chapter three presents a review of the related work, the projects that approached the same issue as this project does and influenced It the most.

Chapter four focuses on the design and the implementation of it.

Chapter five contains the results of the project testing and the evaluation of these.

Chapter six presents the conclusion of this report and advices for future work.



[bookmark: _Toc121041584][bookmark: _Toc202288061]

[bookmark: _Toc266447540][bookmark: _Toc266447528][bookmark: _Toc7523503] Chapter 2 – Background RESEARCH

1. [bookmark: _Toc266710277][bookmark: _Toc266711030][bookmark: _Toc271283211][bookmark: _Toc340606375][bookmark: _Toc340611902][bookmark: _Toc340612072][bookmark: _Toc340613999][bookmark: _Toc341173665][bookmark: _Toc341173843][bookmark: _Toc341174523][bookmark: _Toc345410421][bookmark: _Toc345410752][bookmark: _Toc345412857][bookmark: _Toc371251349][bookmark: _Toc371251398][bookmark: _Toc371255378][bookmark: _Toc371255533][bookmark: _Toc7084006][bookmark: _Toc7275133][bookmark: _Toc7354231][bookmark: _Toc7355287][bookmark: _Toc202288068][bookmark: _Toc266447541][bookmark: _Toc7523504]

Sign language appeared in the modern societies in the 17th century  and got popular among deaf people , almost 10% of them use sign language as first language  [7]. Sign language is different in each country and sometimes differs by regions [7] and at its base there are 5 parameters [8][9]:
· The shape of the hand also known as configuration
· The orientation of the hand related to the body
· The location of the hand related to the body
· The movement of the hand
· Facial expression and body movement.
 
The most popular sign languages are American Sign Language(ASL) and British Sign Language(BSL)][7] . Sign language is used by all people in every day communication between them[10].
We use different types of technologies to translate signs and gestures into written words or audibles. The process if formed of 4 steps:

· Capturing gestures
· Processing gestures into data
· Translating data into writing or audibles
· Presenting writing or audibles

[bookmark: _Toc7523505]2.1 Technologies for capturing gestures

In order to obtain a higher accuracy in capturing gestures ,researchers, in past related work , combined different technologies , because , just one technology , couldn`t capture the hole gesture [ finger movement and position , hand movement an position etc] [11]. Here are some technologies used in capturing gestures[11] :
· Flex Sensors
· Gyroscope
· Accelerometer
· Potentiometer
· Magnetometer
· Inertial Measurement Unit
· Velostat material
· Motion sensors

[bookmark: _Toc7523506]2.1.1 Flex Sensors

Flex sensor [12] [13][14] , also known as bend sensor[15], is a sensor that changes its electrical resistance when bent . The angle of the bend can be calculated using the electrical resistance. 
There are 3 types of flex sensors[15]:
· Based on conductive ink
· Based on fiber optic
· Based on conductive material (abric/thread/polymer)




2.1.1.1 Flex Sensors based on conductive ink

Flex sensor based on conductive ink( shown in Figure 2) are built by adding a layer of ink, with resistive properties, on a thin and flexible plastic strip that can measure from 1 inch to 5 inches. The sensor has a rest position resistance with values between 10 kΩ and 50 kΩ and it is influenced by the radius of the sensor’s curvature ;when the sensor is bent , the resistive materials from the ink get separated[16][17] , a process which increases the resistance of the sensors . At maximum bend angle the resistance of the sensors can go up to 10 times the initial resistance. 
The pros of the flex sensor based on conductive ink are:
· The influence of the noise is very small, almost neglectable
· Tolerance for the temperature and humidity of the environment
· The production cost of flex sensor is relatively low
· Customizable – a big range of production materials available




[image: ]
[bookmark: _Ref7260832][bookmark: _Toc7275221][bookmark: _Toc7523388][bookmark: _Toc7523442]Figure 2 Flex sensor based on conductive ink [18]

2.1.1.2 Flex Sensors based on fiber optic

Flex sensor based on fiber optic, also known as optical goniometers, are built by adding, to one end of plastic optical fibre with an abraded section, a light source and, to the other end, a photosensitive detector. The light emitted by the light source on one end is sensed by the photosensitive detector at the other end. When the fibre is bent, the intensity of the light sensed by the photosensitive detector is lower (loss of light).
The advantages of the flex sensor based on fiber optic are:
· Can be bent in any direction
· High repeatability
 The disadvantages of the flex sensors based on fiber optic is the costs, of producing it, which are high.   
 Flex sensors based on fiber optic are mostly used in medical application and educational studies.

2.1.1.3 Flex Sensors based on conductive material

Flex sensors based on conductive material are built putting a resistive material (e.g. Velostat) between two layers of conductive material. When pressure is applied either directly on the conductive materials either by bending it, the two layers get closer or so the resistance, of the resistive material between them, lowers.
The advantages of the flex sensors based on conductive material are:
· Highly customizable
· Tolerance for the temperature and humidity of the environment (can be used underwater)
· Cheap 
The disadvantages of the flex sensors based on conductive material are:
· Poor accuracy
· Poor repeatability
· Slow response
  Flex Sensors based on conductive materials are mostly used in artistic projects.

[bookmark: _Toc7523507]2.1.2 Gyroscope

The Gyroscope [13]  is a device that determine the orientation using gravity of the earth[18] and it is mainly used in navigation and measurement of angular velocity[15]. The gyroscope evolved from its initial mechanical-inertial spinning type to the advanced electronically and optical type. Gyroscope sensor shown in Figure 3 evolved from the classic gyroscope.

[image: ]
[bookmark: _Ref7261067][bookmark: _Toc7275222][bookmark: _Toc7523389][bookmark: _Toc7523443]Figure 3 Gyroscope sensor [18]


In present there are 3 basic types of gyroscope:
· Classical rotary gyroscope
· Vibrating structure Gyroscope
· Optical Gyroscope


2.1.2.1 Classical Rotary Gyroscope

The classical rotary gyroscope( Figure 4 ) is typically made of a rotating disk on an axle, mounted on a series of gimbals which gives an extra degree of spinning freedom to the rotating disk. The rotary gyroscope uses the law of conservation of angular momentum which says that the total angular momentum of a system   is constant in both magnitude and direction if the resultant external force acting upon the system is zero.  Rotary gyroscopes are used in stabilization applications. Being mainly mechanical means that they wear out or jam and their size make them usable only in military and naval environments .

[image: ]
[bookmark: _Ref7261396][bookmark: _Toc7275223][bookmark: _Toc7523390][bookmark: _Toc7523444]Figure 4 Rotary Gyroscope [14]


2.1.2.2 Vibrating Structure Gyroscope

Vibrating structure gyroscope ( Figure 5 ) it is made of a micro-machined mass connected ,with a set of springs , to an outer case which is connected to the circuit board by another set of springs . The vibrating structure gyroscope uses the Coriolis effect[8] to detect magnitude and direction of the angular velocity of the circuit. The Coriolis Effect is a force that acts upon an object that is in a circular motion within a frame of reference and is proportional to the rate of rotation[19]

[image: ]
[bookmark: _Ref7261356][bookmark: _Toc7275224][bookmark: _Toc7523391][bookmark: _Toc7523445]Figure 5 Vibrating structure gyroscope [21]


Vibrating structure gyroscope is small and cheap but that it is using a lot of power due to its high frequency oscillation and it is easy influenced by the vibrations from the surrounding environment[15], [18].

2.1.2.3 Optical Gyroscope

Optical Gyroscope also called Fiber Optic Gyroscope is made of a light source, coil of optical fibber and a light detector and it senses changes in orientation using the Sagnac effect. The biggest advantage of optical gyroscope is the fact that it doesn`t use any moving parts but its size prevents it to be used in other fields but aviation and naval.

[bookmark: _Toc7523508]2.1.3 Accelerometer 

The accelerometer ( Figure 6 ) is one of the most common inertial sensors.
Accelerometer have different types of composition but are usually made of small seismic(proof) mass fixed into the silicon exterior of the integrated circuit and suspended by small beams.

[image: ]
[bookmark: _Ref7261316][bookmark: _Toc7275225][bookmark: _Toc7523392][bookmark: _Toc7523446]Figure 6 Accelerometer [18]


Accelerometer can be used to measure acceleration (which is the rate of modification of velocity of a body) in either 1 axe, 2 axes or 3 orthogonal axes but being an inertial-frame sensor is affected by the gravitational acceleration. Acceleration is measured in either meter per second squared (m/s2) or in G-forces(g)[20]. Accelerometer can be powered with 5V or less and the two modes (power saving mode and standard operating mode) makes it a device that can be used in a battery powered circuit. Accelerometer can communicate data on analog interface, digital interface and pulse-width modulation (PWM) interface
 The 3 modes in which accelerometer can be used are[15]:

· Measuring of velocity and position
· Calculating inclination, tilt or orientation
· Sensor for impact or vibration


[bookmark: _Toc7523509]2.1.4 Potentiometer

The potentiometer ( Figure 7 ) is a device used to measure the voltage of a circuit ; they can be used a voltage divider as well[19] .The potentiometer is actually a resistor with variable resistance values. The electrical with the resistor is made with a brush that is moved with a handle. Moving the brush, the measured voltage potential is modified[15].
There are two types of potentiometer:
· Linear potentiometer
· Rotary potentiometer

[image: ]
[bookmark: _Ref7261480][bookmark: _Toc7275226][bookmark: _Toc7523393][bookmark: _Toc7523447]Figure 7 Potentiometer [18]



[bookmark: _Toc7523510]2.1.5 Magnetometer

The Magnetometer ( Figure 8 ) is a device that measures the strength of a magnetic field and its direction[19].  Magnetometers measuring either the strength or the direction of the magnetic field are called scalar magnetometers and the magnetometers that are measuring both the strength and the direction of the magnetic field are called vector magnetometers[15].
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[bookmark: _Ref7261517][bookmark: _Toc7275227][bookmark: _Toc7523394][bookmark: _Toc7523448]Figure 8 Magnetometer [18]







[bookmark: _Toc7523511]2.1.6 Inertial Measurement Unit

Inertial Measurement Unit IMU [12][16] ( Figure 9 ) is a combination of electronical devices , used to  determine position , speed , temperature or other details of a specific body . IMU can contain accelerometers , gyroscopes , magnetometers and other measuring devices[11][19].

[image: ]
[bookmark: _Ref7261562][bookmark: _Toc7275228][bookmark: _Toc7523395][bookmark: _Toc7523449]Figure 9 IMU (accelerometer, gyroscope and magnetometer combined) [18]


[bookmark: _Toc7523512]2.1.7 Velostat Material

The Velostat Material ( Figure 10 )  is a conductive material that changes electrical resistance when pressure is applied to it[19][21]

[image: ]
[bookmark: _Ref7261600][bookmark: _Toc7275229][bookmark: _Toc7523396][bookmark: _Toc7523450]Figure 10 Velostat material [18]




[bookmark: _Toc7523513]2.1.8 Motion Sensors

Motion sensors ( Figure 11 ) are small sensors that detect movement[21][19]. They are also called PIR [passive infrared], pyroelectric or IR motion sensors.
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[bookmark: _Ref7261659][bookmark: _Toc7275230][bookmark: _Toc7523397][bookmark: _Toc7523451]Figure 11 Motion sensor [proximity sensor] [18]


[bookmark: _Toc7523514]2.2 Technologies for processing gestures

There are several technologies, available, that can process information from real world (like gestures) into data. From these, stands out 3 technologies which are most used in sensors application:
1. Arduino
1. Raspberry pi
1. NodeMCU
A comparison between these technologies are presented in Table 1



[bookmark: _Toc7523515]2.2.1 Arduino

Arduino( Figure 12 ) is platform used to provide an environment for objects or objects – computers interaction. The platform is controlled by an Atmel ATMega328 processor. Arduino`s software(IDE - Arduino Integrated Development Environment)[22] [23]and hardware are open source which helped at its interoperability with other brand`s technologies . Arduino`s software, which is used to program the Arduino controller board, is C/C++ programming language based. Arduino software is user friendly and can be used on devices running different operating systems(MAC, Windows, Linux)[24]. Using the Arduino software, the controller board can be programmed by uploading the written code, via an USB cable, from a computer[24].

[image: ]
[bookmark: _Ref7261728][bookmark: _Toc7275231][bookmark: _Toc7523398][bookmark: _Toc7523452]Figure 12 Arduino [18]


On an Arduino platform we will find:
· 14 Digital input/output pins
· 6 Analog input pins
· 6 Analog output pins
· Power  USB / barrel jack(Arduino can be powered by an AC adapter or through the USB connection )[23].
· Pulse-width modulation PWM
· Reset button
· Power led indicator
· TX RX led
· Voltage regulator
· Main Integrated circuit







[bookmark: _Toc7523516]2.2.2 Raspberry PI

Raspberry PI ( Figure 13 ) is a small computer[25] , controlled by an ARMv8 processor , that runs on Linux operating system[26] . It`s popularity, price and usability made it the third best-selling computer brand in the world[27].  Raspberry PI does not have an on/off button. It starts by being plugged in the power supply[27].
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[bookmark: _Ref7261778][bookmark: _Toc7275232][bookmark: _Toc7523399][bookmark: _Toc7523453]Figure 13 Raspberry PI [26]


There are different models of Raspberry PI which can include different components[27]:

· RAM [ from 512 MB to 1 GB]
· USB ports [from 1 to 4] [keyboard and mouse can be used]
· Ethernet port
· Wireless/Bluetooth
· HDMI for TV/monitor display
· General Purpose Input Output GPIO pins[25]
· Micro SD card






[bookmark: _Toc7523517]2.2.3 NodeMCU

NodeMCU ( Figure 14 ) is an open source firmware [28]and a development board that is controlled by a ESP8266 chip technology[29] . 
On this board there are several technologies that make NodeMCU a very popular platform[29][30]:
· General purpose input output GPIO pins
· Pulse-width modulation PWM
· Inter-integrated circuit IIC
· 1-Wire
· Analog-to-digital converted ADC
· Built in Wi-fi module[28]
· Reset button
· Power The board can be powered by battery and has a micro USB port which can be used to connect the board to a computer in order to get power.
Through the micro USB connection the user can program the chip that controls the board [31].
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[bookmark: _Ref7261818][bookmark: _Toc7275233][bookmark: _Toc7523400][bookmark: _Toc7523454]Figure 14 NodeMCU board [20]





 There are two ways of programming the NodeMCU board[31] :

· Using Arduino`s software tools which are C based programming and is more user friendly
· Using LUA interpreter which requires higher level of programming.
The NodeMCU board can be accessed and programmed by anyone through the WI-FI.









[bookmark: _Ref7261917][bookmark: _Toc7355223][bookmark: _Toc7275244]Table 1 Arduino , Raspberry PI and NodeMCU comparison [32]
	Parameters
	Arduino Uno
	Raspberry PI B+
	ESP-8266

	
	
	
	

	Processor
	ATMega328P
	Quad-core ARM Cortex A53
	               -

	GPU
	             -
	Broadcom VideoCore IV with 400 MHz
	              
                 -

	Operating voltage
	     5v
	          5v
	         3.3 v

	Clock speed
	      16MHz
	        1.2 GHz
	  26MHz – 52 MHz

	System memory
	       2kB
	          1GB
	         <45kB

	Flash memory
	         32kB
	          -
	Up to 128 MB

	EEPROM
	         1kB
	           -
	           -

	Communication supported
	IEEE 802.11 b/g/n IEEE 802.15.4  
433RF BLE 4.0 via Shield
	IEEE 802.11 b/g/n IEEE 802.15.4
433RF BLE 4.0Ethernet Serial
	IEEE 802.11 b/g/n

	Development environment
	Arduino IDE
	Any linux compatible IDE
	Arduino IDE , 
Lua Loader

	Programming language
	Wiring 
	Python C C++ Java Scratch Ruby
	Wiring, C, C++

	I/O Connectivity
	SPI I2C UART GPIO
	SPI DSI UART SDIOCSI GPIO
	UART, GPIO


Source: A Comparative Study of Arduino, Raspberry Pi and ESP8266 as IoT Development Board[32]



[bookmark: _Toc7523518]2.3 Software for translating gestures

The Arduino UNO R3 controller board is programmed with a code that is uploaded via USB. The code is written in Arduino IDE (Integrated Development Environment) which is similar to the programming language C. The gesture recognition is made with the help of IF statements and SWITCH function. For each letter there is a SWITCH value assigned with the help of IF statement. IF statement gives each letter an angle range of each finger in which the sign is recognized and translated in that letter that was assigned to the IF statement. After the sign is recognized and translated into a letter, the letter is outputted in writing on the LCD screen.
[bookmark: _Toc7523519]2.4 Chapter summary

There are multiple technologies available for capturing gestures and in this type of project the more are used the more type of movements can be captured. In this project only, flex sensor is used to detect changes in the position of the fingers, as it is an initial stage of the project and the main goal of it is to obtain the accuracy that other previous projects did not obtain. Getting an accuracy as close as possible to 100% will allow the project to advance and approach more complex signs that involve motion capturing. Arduino Controller Board and Arduino IDE are usually used in educational projects as they are user friendly, cheap and there are available several forums that helps and supports the community. The software is easier to learn and use as well comparing to other software available on the market and this was one of the author’s main reason for choosing this as his programming skills are low. The number of similar projects that use same hardware and software is another reason for choosing those.



[bookmark: _Toc7523520]
Chapter 3 – Related Work

Due to the importance of communication, there were several attempts to create a device that would help removing the communication barrier between sign language users and the people that don’t use sign language. Unfortunately, there are no proofs that any of the attempts succeeded in being put on market and they remained at project stage. From the multitude of similar projects, the author chose Prototyping a Portable , Affordable Sign Language Glove [6] and A Glove-Based Gesture Recognition System for Vietnamese Sign Language[33] as being most relevant to this project’s approach.


2 [bookmark: _Toc266710265][bookmark: _Toc266711018][bookmark: _Toc271283199][bookmark: _Toc340606384][bookmark: _Toc340611911][bookmark: _Toc340612081][bookmark: _Toc340614008][bookmark: _Toc341173674][bookmark: _Toc341173852][bookmark: _Toc341174532][bookmark: _Toc345410430][bookmark: _Toc345410761][bookmark: _Toc345412866][bookmark: _Toc371251358][bookmark: _Toc371251407][bookmark: _Toc371255387][bookmark: _Toc371255542][bookmark: _Toc7084023][bookmark: _Toc7275150][bookmark: _Toc7354248][bookmark: _Toc7355304][bookmark: _Toc266447529][bookmark: _Toc7523521]
1. [bookmark: _Toc340606385][bookmark: _Toc340611912][bookmark: _Toc340612082][bookmark: _Toc340614009][bookmark: _Toc341173675][bookmark: _Toc341173853][bookmark: _Toc341174533][bookmark: _Toc345410431][bookmark: _Toc345410762][bookmark: _Toc345412867][bookmark: _Toc371251359][bookmark: _Toc371251408][bookmark: _Toc371255388][bookmark: _Toc371255543][bookmark: _Toc7084024][bookmark: _Toc7275151][bookmark: _Toc7354249][bookmark: _Toc7355305][bookmark: _Toc7523522]
[bookmark: _Toc7523523]3.1 Related Work 1

In Prototyping a Portable , Affordable Sign Language Glove [6], a team of 3 students ( Princesa Cloutier, Alex Helderman and Rigen Mehilli), under the supervision of Professor Alexander Wyglinski and Professor Alexander Emanuel, developed a glove to capture hand gesture [ASL language] and to detect changes in wrist and palm orientation and with the help of an Arduino microcontroller to translate those hand gestures into either sounds or words displayed on a screen. 
In this project, the authors, used:

· for sensing flex sensors, contact sensors and rotation sensors [ gyroscope]
· for processing captured gestures Arduino UNO microcontroller was used
· for transmitting a Bluetooth module was used
· for translating gestures and output they used a smartphone

They tested 3 glove designs from which they choose the one they thought it meets more requirements of the project. The first proposed design was a glove wired to a computer which would output the translated gesture as well. The second proposed design was a glove that had the microcontroller attached to it and the output device as well. The third proposed design is a glove similar to the second design, the only difference would be that the output would not be attached to the glove. The output in this case would be an external device that would connect to the glove through wireless. After comparing the advantages and disadvantages, the developing team chose the third design as being the most beneficial to the project.
Flex sensors are glued on top of the fingers and on the tip of each finger the developers added a contact sensor to help recognising the touching of the fingers involved in sign language. A gyroscope was added, to capture the movement of the hand, on top of the wrist, close to the microprocessor. For outputting, the results will be transmitted to the output device via Bluetooth.
The motivation of the team was fuelled by the lack of options in regard to communication for the mute and deaf people. This like raise barriers between different segments of society.
The team approached very professional the safety requirements of the product in order for it to be marketable approaching most of the possible risks of the design.
ASL language was tested in this project and 2 words were used: "apple" and "party “. For "apple" gesture the recognition success rate was 95% for 20 tries while for "party" was 70% for 20 tries as well; this happened due to the fact that the difference between coded measurements and signs measurements. The authors failed to use the gyroscope which would improve the number of possible recognisable gestures due to system incompatibility. There is no sign of further development of the project.
The paper needs more work and additional movement sensors that would sense hand movement.

[bookmark: _Toc7523524]3.2 Related Work 2

In A Glove-Based Gesture Recognition System for Vietnamese Sign Language[33], a team of 4 students (Lam T. Phi, Hung D. Nguyen, T. T. Quyen Bui and Thang T. Vu), developed a glove-based gesture recognition system for Vietnamese sign language. They are using Flex Sensors as well for sensing and Accelerometer for detecting hand movement. The improvement they try to add is by increasing the number of flex sensors to 10(two for each finger) per hand. In this way the whole finger is covered with flex sensor which will increase the accuracy when measuring the angle of the bend. The team is using in this project and Atmega32U microchip for translating and communication. The results for the letter represented by non-moving hand gesture were very good. For 50 tests the accuracy was close to 100%. When tests were done for the moving hand gesture, the recognition percentage out of 50 tests went as low as 50% for some letters.
Adding to this project extra sensor to detect the movement would increase the percentage of moving hand gesture recognition.



[bookmark: _Toc341174544][bookmark: _Toc121041633][bookmark: _Toc202288167][bookmark: _Toc266447548][bookmark: _Toc7523525]Chapter 4 – Design and Implementation

This chapter will discuss the design specification and the different choices of the hardware and software. The process of implementing the software and the hardware is also described in detail here. 

4.1 [bookmark: _Toc7523526]Design Specification

In this section we are going to discuss the main functions and requirements of the smart glove. But we are going to start by defining the product. 
The main aim of this project is to design and implement a smart wearable device in the form of a glove to enable silent and deaf people to communicate with other different segments of society. Communication is a very important aspect of everyday life, which helps us in completing regular tasks like shopping, asking directions, socialising, but also helps us in critical situation when our lives are in danger, like accidents, disaster situations (fire, flood, earthquake, hurricanes). 
Silent and deaf people cannot communicate with the other segments of society without the other person knowing sign language, another option would be a translator that would facilitate the communication between a sign language user and a non-sign language user, which would be extremely costly and hard to achieve. 
Enabling this segment of the society by providing low cost easy to use smart device is important in terms of equality and diversity. All segments of society should have access to all of the everyday activities and, a glove, that will translate the gestures made by sign language user, will facilitate that.
The initial or prototype design is based on flex sensors [2,2 inches and 4,5 inches ] purchased from Amazon[34]. The flex sensors are produced by Adafruit [21] which is a company that design and manufactures electronic products, electronic components, tools and accessories and also produces learning resources related to electronics, technology and programming. Flex sensors will be attached on a glove [latex or woollen] in the following way: the 2,2 inches sensor will be attached on the top side of the thumb while 4 4,5 inches sensors will be attached on top of the other 4 fingers. The two choices of glove material [latex or woollen] will be tested and compared and the one that meets the most requirements will be used in the final prototype. The attributes that are the most important in the project are: resistance, flexibility and usability. Other components used in this project are an Arduino UNO R3 Controller Board, USB cable that connects the Controller Board to a PC, 830 Tie-points Breadboard that helps connecting all the components with the Controller Board, LCD 1602 Module (with pin header) used for its 16-character long screen and 2 lines available for display, Potentiometer used to adjust the current and luminosity of the screen, Resistors to protect the components from higher voltages and. All these components can be found in the Starter Kit UNO R3 Project from ELEGOO [35] and some of them were purchased as duplicates from AMAZON[34] (65 Jumper Wire, Female-to-Male Dupont Wire, Breadboard) in case the original component fails.
The main function of this device will be to enable communication between sign language users and non-sign language users in order to create a better life for the sign language users.
The Handmade sign recognition glove is powered by a USB cable connected to a computer. When a sign is made, the fingers are moved and so the resistance of the flex sensors if changed. The values of the resistance of flex sensors can be used to calculate the angles at which each finger is bent. For each letter that the controller needs to recognize, an approximate value (+/- 15 degrees) was inputted in the Database; this was done as there are not accurate values available for affordable components. When the sign is made, the values from the flex sensors are sent to the controller board to the input pin; these values are then compared to the values from the Database and if the values are in the range of values inputted there, the matching value from the database is sent, through the output pins to the LCD where the matching letter is displayed. This process is repeated, for every sign made, until the controller board is powered off.
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[bookmark: _Ref7262248][bookmark: _Ref7262070][bookmark: _Toc7275234][bookmark: _Toc7523401][bookmark: _Toc7523455]Figure 15 Prototype function flow chart

The flow chart of the design is presented in Figure 15



4.2 [bookmark: _Toc7523527]Design Requirements

The primary requirements for this design are:

· Safety
· Usability
· Affordability
· Importance 

4.2.1 [bookmark: _Toc7523528]Safety

Safety is the first and main requirement of this project. The glove must be safe to use for the users. Short circuit and electrocution are risks that might appear in devices that use electricity.
To protect the user from short circuit the components will be safely secured and protected so they will not get in contact with the user unless needed and by that influencing the process or injuring the user. Electrocution danger is eliminated as the lowest lethal voltage is 25V[6] while the voltage of the current used in this project is lower and even so, for extra protection, most of the components are insulated. Each component will be checked for wear and tear periodically, so the status and the accuracy will not be affected in time. 

4.2.2 [bookmark: _Toc7523529]Usability

Two types of glove material were tested, latex and woollen. Even if the woollen one was easier to put on and of the hand, the sensors were hard to fit, and the thickness of the material influenced the accuracy of the sensor reading. The latex one is slimmer, and the sensor can be fit better which leads to better results. The latex one was chosen for this project. The glove is user friendly for sign language users and the LCD messages are straight forward


4.2.3 [bookmark: _Toc7523530]Affordability

According to circuit.io[36],  the price of the components existing in this project is under 160 USD (US dollars) which in UK is under 130 GBP (British pounds). This price will go lower for purchasing products in bulk.

[bookmark: _Toc7523531]4.2.4 Design Importance

The communication gap between sign language users and non-users makes this design a necessary solution. Getting accurate sign language translation will provide a building stone for the foundation of future sign language translation devices that will be able to facilitate communication between the above mentioned segments.

4.3 [bookmark: _Toc7523532]Design Implementation

The first step assembling the prototype was to prepare flex sensors for assembling. Flex sensor are very sensitive and can easily break. During the tests and assembly, two flex sensors were broken and had to be replaced. After that happened the author tried to improve the resistance of the flex sensors adding extra materials to it. 

[image: ]
[bookmark: _Ref7262324][bookmark: _Toc7275235][bookmark: _Toc7523402][bookmark: _Toc7523456]Figure 16 Soldering flex sensors to wires

After soldering the sensor to the wires ( Figure 16 ), which helps connecting the flex sensor to the circuit board, the author covered, the bottom side including the soldered part and a small part of the wires together with heat shrinking tubes (Figure 17 ) which would increase the resistance of the bottom part as the area under the tube and all the components under will act as one part.

[image: ]
[bookmark: _Ref7262383][bookmark: _Toc7275236][bookmark: _Toc7523403][bookmark: _Toc7523457]Figure 17 Flex sensor with heat shrinking tube

After the heat shrinking tube was added, the sensor was checked to make sure that the heat used to shrink the heat shrinking tube did not influence the sensor’s functionality. For the testing a Digital Multimeter ( Figure 18 ) was used.
[image: ]
[bookmark: _Ref7262453][bookmark: _Toc7275237][bookmark: _Toc7523404][bookmark: _Toc7523458]Figure 18 Digital Multimeter
The rest of the sensor, which remained uncovered, was covered with a plastic coating obtained from a plastic straw like shown in Figure 19. This provided extra resistance and protection, from other external factors, to the sensors.

[image: ]
[bookmark: _Ref7263902][bookmark: _Toc7275238][bookmark: _Toc7523405][bookmark: _Toc7523459]Figure 19 Plastic straws used as protection
The author added and extra breadboard to the initial one to separate the flex sensor for the rest of the circuit to be able to extend it so the glove can be easily tested. To obtain the extension of the circuit for the glove, extra wires were added. Male/female wires were used to make a longer wire for the glove.

[image: ]
[bookmark: _Ref7264880][bookmark: _Toc7275239][bookmark: _Toc7523406][bookmark: _Toc7523460]Figure 20 Design before testing
The design ( Figure 20 ) was tested on two types of gloves:

· Woollen glove
· Latex glove

A general problem, at both glove options, was the fact that the sensors would not cover the hole finger as the base of the sensor should be under the knuckle to get accurate values when fingers closed in a fist and an extra part of sensor should be added under the knuckle as the flex sensor is very sensitive at the bottom end where the conductive ink is connected with the pins. In that area the sensor can be easily broken. To make it more resistant 


4.3.1 [bookmark: _Toc7523533]Woollen Glove

The woollen glove with higher usability as the material is easy to put on the hand and to take it of the hand. At this option it is harder to fit the flex sensors on the fingers. The flex sensors were coated with synthetic material ( Figure 22 ) which had the bottom side covered with Velcro material sewed to it. Velcro material was used to cover the glove, as shown in  Figure 21, on the areas were the flex sensors were added. The final design for the woollen material ( Figure 23 ) was tested and the test results showed that even with the high usability, the woollen glove tend to tear apart were the Velcro is sewed and the Velcro is not strong enough to keep the sensors stick to the finger at the nail area, so the values will not be accurate. When the fingers are bended at high angles, the fact that the whole finger is not covers will lead to inaccurate results.
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[bookmark: _Ref7265019][bookmark: _Toc7275240][bookmark: _Toc7523407][bookmark: _Toc7523461]Figure 21 Woollen glove with velcro material attached
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[bookmark: _Ref7265174][bookmark: _Toc7275241][bookmark: _Toc7523408][bookmark: _Toc7523462]Figure 22 Flex sensors inserted in synthetic material pocket
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[bookmark: _Ref7265274][bookmark: _Toc7275242][bookmark: _Toc7523409][bookmark: _Toc7523463]Figure 23 Woollen glove with flex sensors attached

4.3.2 [bookmark: _Toc7523534]Latex Glove

The latex glove is harder to take off and put on and the material doesn’t let the skin to breath which can lead to higher temperatures for longer usage. The material is more resistant, and the sensors can be stick to the fingers with adhesive band. For safety and resistance, double sided adhesive band was put between the sensor and the glove between the joints. On top of the adhesive band a paper tube was put so the flex sensor will be inserted through for flexibility. When the finger is bended the flex sensor tends to decrease the finger area that it covers and when the finger will return to normal position the flex sensor will return to its initial position. For this to happen, the paper coating acts like a trail and helps the flex sensor to be stick to the hand but in the same time to be able to slide along the finger. The latex glove design has better results and so this was the one used for the final design.





4.4 [bookmark: _Toc7523535]Circuit Schematics

The following figure ( Figure 24 ) shows the design schematic that was produced by www.circuit.io. It shows the main components of the design and how they are connected and wired based on their datasheets[22], [37]–[40]
 The data sheets were used when the circuit of the design was built. 

[image: ]
[bookmark: _Ref7273895][bookmark: _Toc7275243][bookmark: _Toc7523410][bookmark: _Toc7523464]Figure 24 Wiring scheme for the sign language translating glove [36]

4.5 [bookmark: _Toc7523536]Software Implementation

The software used to program the Arduino UNO R3 microcontroller board is Arduino IDE. Arduino IDE uses a programming language similar to C. Taking in consideration the author’s lack of programming skills, the process of building the code for this design was not easy. Using Arduino forums and previous related work, the author managed to write a code that would satisfy the requirements of this project. The code must enable the device to read the values of flex sensors, match the result with the gesture list and translate it to an output that is displayed on LCD screen. To implement the LCD screen, the author included <LiquidCrystal.h> library in the code as it can be seen in Figure 25. 



[image: ]
[bookmark: _Ref7277605][bookmark: _Toc7523411][bookmark: _Toc7523465]Figure 25 LCD library included in the code

This library enables the LCD screen. Each sensor was allocated to a pin that would capture the output from the sensor and send it to the microprocessor as shown in Figure 26. 


[image: ]
[bookmark: _Ref7277729][bookmark: _Toc7523412][bookmark: _Toc7523466]Figure 26 Pin allocation for each sensor
For each sensor was added a resistor that would protect the sensor from higher voltage values that might damage the sensor( Figure 27 ).
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[bookmark: _Ref7279524][bookmark: _Toc7523413][bookmark: _Toc7523467]Figure 27 Value of the resistor added for each sensor
[bookmark: _Toc341174561]

With the help of previously mentioned resistance, for each sensor two resistance values were introduced. One value for straight, 0 degrees bend, position and one value for 90 degrees bend( Figure 27 ). These values are used to calculate the angle of the bend.
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[bookmark: _Ref7279434][bookmark: _Toc7523414][bookmark: _Toc7523468]Figure 28 Resistance value for 0 and 90 degrees

The resistance values of the sensors will be registered through the pins allocated for each sensor ( Figure 27 ).
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[bookmark: _Ref7279338][bookmark: _Toc7523415][bookmark: _Toc7523469]Figure 29 Pins allocated to each sensor and mode input selected

For outputting the gesture to the LCD screen, we allocated pin number 1 like shown in Figure 27.

[image: ]
[bookmark: _Ref7279245][bookmark: _Toc7523416][bookmark: _Toc7523470]Figure 30 Pin selected for output

Using the IF statement, we allocated some ranges of angle degrees for each sensor that would match a registered letter ( Figure 27).

[image: ]
[bookmark: _Ref7279162][bookmark: _Toc7523417][bookmark: _Toc7523471]Figure 31 If statement used to register angle ranges for letter

Using Switch function, when the angles of the flex sensors matched the angles registered with the IF statement, a letter will be printed on the LCD screen( Figure 27 ).
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[bookmark: _Ref7279021][bookmark: _Toc7523418][bookmark: _Toc7523472]Figure 32 Letter printed on LCD when gesture matches database


[bookmark: _Toc7523537]Chapter 5 – Results and Evaluation  

All the registered letters were successfully recognised during the tests. Not all the letters were registered as some of them require hand or finger movement. In order to be able to capture hand and gesture movement there are required extra technologies and the budget and time allocated to this project did not covered these additional features, so the letters were not registered in the database and removed from the tests. Other letters removed from the tests are letters that have similar signs with others, the only different being the position of the writs or the position of the fingers in an plan(left-right bend would not be detected by the flex sensors as they are fitted above the finger and they would detect the up-down movement) that would require extra flex sensors to detect changes or contact sensors. The ASL signs for alphabet letters can be seen in Figure 33
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[bookmark: _Ref7281151][bookmark: _Toc7523419][bookmark: _Toc7523473]Figure 33 ASL signs for alphabet


Letter H is similar with letter R, U and letter V so only letter H was tested. Letter K is similar to letter P so only letter P was tested. Some of the signs are more complex than other and so, as a result, easier to be recognised than others. Letters like C( Figure 34 ) and G( Figure 35 ) are quite straight forward while for letters like P( Figure 37 ), T( Figure 38 ), X( Figure 40 ), E( Figure 36 ) and M(Figure 39 ), the angle of the bend needs to be quite precise. Some of them are using fist position of the hand which means it matters the force used to make the fist, is it a relaxed position of the fist or a tensed one. This would influence the gesture recognition. During the tests, the fact that the gestures were not known by the tester slowed down the process and as a result the recognition as well.
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[bookmark: _Ref7282506][bookmark: _Toc7523420][bookmark: _Toc7523474]Figure 34 Test sign language letter C
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[bookmark: _Ref7282538][bookmark: _Toc7523421][bookmark: _Toc7523475]Figure 35 Test sign language letter G
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[bookmark: _Ref7282611][bookmark: _Toc7523422][bookmark: _Toc7523476]Figure 36 Test sign language letter E
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[bookmark: _Ref7282560][bookmark: _Toc7523423][bookmark: _Toc7523477]Figure 37 Test sign language letter P
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[bookmark: _Ref7282579][bookmark: _Toc7523424][bookmark: _Toc7523478]Figure 38 Test sign language letter T
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[bookmark: _Ref7282624][bookmark: _Toc7523425][bookmark: _Toc7523479]Figure 39 Test sign language letter M
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[bookmark: _Ref7282593][bookmark: _Toc7523426][bookmark: _Toc7523480]Figure 40 Test sign language letter X




[bookmark: _Toc341174562][bookmark: _Toc7523538][bookmark: _Toc371251378][bookmark: _Toc371251427][bookmark: _Toc371255407][bookmark: _Toc371255562][bookmark: _Toc7084041][bookmark: _Toc7275168]Chapter 6 – Conclusions and Future Work

The project was successful at this stage and ready for the next step. The future work would include finding a glove made from a friendlier material and adding sensors that would sense the hand and wrist movement. This will enable translating more complex gestures like word and maybe even sentences. Another improvement that can be added and should be added to the project is the Bluetooth module which would remove the output device from the glove making it easier to use. The screen or the speaker would receive the data through wireless media. Energy saving is an important aspect of this type of project and for that, a button that would start the handmade sign recognition needs to be implemented. When the user needs to communicate, he presses the button and start making the signs. When the button is pressed, the Controller board is powered, and the gesture recognition begins immediately.
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#include <LiquidCrystal.h>
LiquidCrystal lcd(2, 3, 4, 5, 6, 7);
const int FLEX1_PIN = A1; // Pin connected to voltage divider output
const int FLEX2_PIN = A2;
const int FLEX3_PIN = A3; // Pin connected to voltage divider output
const int FLEX4_PIN = A4;
const int FLEX5_PIN = A5;
float FlexSensor1;
float FlexSensor2;
float FlexSensor3;
float FlexSensor4;
float FlexSensor5;

// Measure the voltage at 5V and the actual resistance of your
// 47k resistor, and enter them below:
const float VCC = 5; // Measured voltage of Ardunio 5V line
const float R1_DIV = 10000.0; // Measured resistance of  resistor
const float R2_DIV = 10000.0;
const float R3_DIV = 100000.0; // Measured resistance of  resistor
const float R4_DIV = 10000.0;
const float R5_DIV = 100000.0;

// Upload the code, then try to adjust these values to more
// accurately calculate bend degree.
const float STRAIGHT_RESISTANCEflex1 = 18575.0; // resistance when straight
const float BEND_RESISTANCEflex1 = 43000.0; // resistance at 90 deg
const float STRAIGHT_RESISTANCEflex2 = 14951.0; // resistance when straight
const float BEND_RESISTANCEflex2 = 31000.0; // resistance at 90 deg
const float STRAIGHT_RESISTANCEflex3 = 17000.0; // resistance when straight
const float BEND_RESISTANCEflex3 = 38000.0; // resistance at 90 deg
const float STRAIGHT_RESISTANCEflex4 = 37314.0; // resistance when straight
const float BEND_RESISTANCEflex4 = 82000.0; // resistance at 90 deg
const float STRAIGHT_RESISTANCEflex5 = 27700.0; // resistance when straight
const float BEND_RESISTANCEflex5 = 55000.0; // resistance at 90 deg
int switch_value;


void setup() 
{
  Serial.begin(9600);
  pinMode(FLEX1_PIN, INPUT);
  pinMode(FLEX2_PIN, INPUT);
  pinMode(FLEX3_PIN, INPUT);
  pinMode(FLEX4_PIN, INPUT);
  pinMode(FLEX5_PIN, INPUT);
  lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print("  FLEX SENSOR");
lcd.setCursor(0, 1);
lcd.print(" WITH ARDUINO");
delay(4000);
pinMode(1, OUTPUT); 
}

void loop() 
{
  // Read the ADC, and calculate voltage and resistance from it
  int flex1ADC = analogRead(FLEX1_PIN);
  float flex1V = flex1ADC * VCC / 1023.0;
  float flex1R = R1_DIV * (VCC / flex1V - 1.0);
  int flex2ADC = analogRead(FLEX2_PIN);
  float flex2V = flex2ADC * VCC / 1023.0;
  float flex2R = R2_DIV * (VCC / flex2V - 1.0);
  int flex3ADC = analogRead(FLEX3_PIN);
  float flex3V = flex3ADC * VCC / 1023.0;
  float flex3R = R3_DIV * (VCC / flex3V - 1.0);
  int flex4ADC = analogRead(FLEX4_PIN);
  float flex4V = flex4ADC * VCC / 1023.0;
  float flex4R = R4_DIV * (VCC / flex4V - 1.0);
  int flex5ADC = analogRead(FLEX5_PIN);
  float flex5V = flex5ADC * VCC / 1023.0;
  float flex5R = R5_DIV * (VCC / flex5V - 1.0);


  
  Serial.println("Resistance.flex1: " + String(flex1R) + " ohms");

  // Use the calculated resistance to estimate the sensor's
  // bend angle:
 float angleflex1 = map(flex1R, STRAIGHT_RESISTANCEflex1, BEND_RESISTANCEflex1,
                   0, 90.0);
  Serial.println("Bend.flex1: " + String(angleflex1) + " degrees");

  
  Serial.println("Resistance.flex2: " + String(flex2R) + " ohms");

  // Use the calculated resistance to estimate the sensor's
  // bend angle:
float angleflex2 = map(flex2R, STRAIGHT_RESISTANCEflex2, BEND_RESISTANCEflex2,
                   0, 90.0);
  Serial.println("Bend.flex2: " + String(angleflex2) + " degrees");
  Serial.println();

  

  Serial.println("Resistance.flex3: " + String(flex3R) + " ohms");

  // Use the calculated resistance to estimate the sensor's
  // bend angle:
 float angleflex3 = map(flex3R, STRAIGHT_RESISTANCEflex3, BEND_RESISTANCEflex3,
                   0, 90.0);
  Serial.println("Bend.flex3: " + String(angleflex3) + " degrees");


  

  Serial.println("Resistance.flex4: " + String(flex4R) + " ohms");

  // Use the calculated resistance to estimate the sensor's
  // bend angle:
 float angleflex4 = map(flex4R, STRAIGHT_RESISTANCEflex4, BEND_RESISTANCEflex4,
                   0, 90.0);
  Serial.println("Bend.flex4: " + String(angleflex4) + " degrees");


  Serial.println("Resistance.flex5: " + String(flex5R) + " ohms");

  // Use the calculated resistance to estimate the sensor's
  // bend angle:
 float angleflex5 = map(flex5R, STRAIGHT_RESISTANCEflex5, BEND_RESISTANCEflex5,
                   0, 90.0);
  Serial.println("Bend.flex5: " + String(angleflex5) + " degrees");


  

delay(1000);
analogWrite(2, angleflex1);
analogWrite(2, angleflex2);
analogWrite(2, angleflex3);
analogWrite(2, angleflex4);
analogWrite(2, angleflex5);
  





if( angleflex1 <= 125.00 && angleflex1 >= 80.00 && angleflex2 <= 125.00 && angleflex2 >= 75.00 && angleflex3 <= 130.00 && angleflex3 >= 79.00 && angleflex4 <= 125.00 && angleflex4 >= 75.00 && angleflex5 <= 30.00 && angleflex5 >= -25.00 ) switch_value = 0; //reset a

 if( angleflex1 <= 15.00 && angleflex1 >= -10.00 && angleflex2 <= 10.00 && angleflex2 >= -10.00 && angleflex3 <= 10.00 && angleflex3 >= -10.00 && angleflex4 <= 10.00 && angleflex4 >= -20.00 && angleflex5 <= 100.00 && angleflex5 >= 40.00 ) switch_value = 1; //reset  b

 if( angleflex1 <= 40.00 && angleflex1 >= 15.00 && angleflex2 <= 40.00 && angleflex2 >= 10.00 && angleflex3 <= 35.00 && angleflex3 >= 5.00 && angleflex4 <= 25.00 && angleflex4 >= -5.00 && angleflex5 <= 30.00 && angleflex5 >= 0.00 ) switch_value = 2; //reset  c

 if( angleflex1 <= 25.00 && angleflex1 >= -10.00 && angleflex2 <= 65.00 && angleflex2 >= 35.00 && angleflex3 <= 60.00 && angleflex3 >= 30.00 && angleflex4 <= 50.00 && angleflex4 >= 20.00 && angleflex5 <= 30.00 && angleflex5 >= -25.00 ) switch_value = 3; //reset  d

 if( angleflex1 <= 130.00 && angleflex1 >= 57.00 && angleflex2 <= 80.00 && angleflex2 >= 40.00 && angleflex3 <= 75.00 && angleflex3 >= 45.00 && angleflex4 <= 75.00 && angleflex4 >= 45.00 && angleflex5 <= 135.00 && angleflex5 >= 80.00 ) switch_value = 4; //reset  e



if( angleflex1 <= 80.00 && angleflex1 >= 50.00 && angleflex2 <= 35.00 && angleflex2 >= 5.00 && angleflex3 <= 20.00 && angleflex3 >= -5.00 && angleflex4 <= 20.00 && angleflex4 >= -10.00 && angleflex5 <= 55.00 && angleflex5 >= 0.00 ) switch_value = 5; //reset  f



 if( angleflex1 <= 10.00 && angleflex1 >= -20.00 && angleflex2 <= 125.00 && angleflex2 >= 65.00 && angleflex3 <= 130.00 && angleflex3 >= 80.00 && angleflex4 <= 130.00 && angleflex4 >= 80.00 && angleflex5 <= 50.00 && angleflex5 >= 15.00 ) switch_value = 6; //reset  g




if( angleflex1 <= 30.00 && angleflex1 >= -10.00 && angleflex2 <= 45.00 && angleflex2 >= 0.00 && angleflex3 <= 110.00 && angleflex3 >= 65.00 && angleflex4 <= 125.00 && angleflex4 >= 70.00 && angleflex5 <= 70.00 && angleflex5 >= 20.00 ) switch_value = 7; //reset  h




 if( angleflex1 <= 135.00 && angleflex1 >= 80.00 && angleflex2 <= 125.00 && angleflex2 >= 80.00 && angleflex3 <= 125.00 && angleflex3 >= 60.00 && angleflex4 <= 30.00 && angleflex4 >= -20.00 && angleflex5 <= 80.00 && angleflex5 >= 40.00 ) switch_value = 8; //reset  i




// if( angleflex1 <= 95.00 && angleflex1 >= 85.00 && angleflex2 <= 85.00 && angleflex2 >= 75.00 && angleflex3 <= 95.00 && angleflex3 >= 80.00 && angleflex4 <= 98.00 && angleflex4 >= 85.00 && angleflex5 <= 45.00 && angleflex5 >= 35.00 ) switch_value = 9; //reset  j

 //if( angleflex1 <= 20.00 && angleflex1 >= 0.00 && angleflex2 <= 55.00 && angleflex2 >= 30.00 && angleflex3 <= 100.00 && angleflex3 >= 70.00 && angleflex4 <= 105.00 && angleflex4 >= 80.00 && angleflex5 <= 20.00 && angleflex5 >= -5.00 ) switch_value = 10; //reset  k

 if( angleflex1 <= 25.00 && angleflex1 >= -15.00 && angleflex2 <= 125.00 && angleflex2 >= 65.00 && angleflex3 <= 125.00 && angleflex3 >= 75.00 && angleflex4 <= 125.00 && angleflex4 >= 70.00 && angleflex5 <= 10.00 && angleflex5 >= -25.00 ) switch_value = 11; //reset  l



if( angleflex1 <= 125.00 && angleflex1 >= 70.00 && angleflex2 <= 85.00 && angleflex2 >= 40.00 && angleflex3 <= 70.00 && angleflex3 >= 30.00 && angleflex4 <= 125.00 && angleflex4 >= 70.00 && angleflex5 <= 130.00 && angleflex5 >= 50.00 ) switch_value = 12; //reset  m




 if( angleflex1 <= 120.00 && angleflex1 >= 65.00 && angleflex2 <= 85.00 && angleflex2 >= 45.00 && angleflex3 <= 111.00 && angleflex3 >= 75.00 && angleflex4 <= 125.00 && angleflex4 >= 85.00 && angleflex5 <= 135.00 && angleflex5 >= 80.00 ) switch_value = 13; //reset  n




 if( angleflex1 <= 85.00 && angleflex1 >= 50.00 && angleflex2 <= 65.00 && angleflex2 >= 35.00 && angleflex3 <= 50.00 && angleflex3 >= 22.00 && angleflex4 <= 40.00 && angleflex4 >= 10.00 && angleflex5 <= 60.00 && angleflex5 >= 13.00 ) switch_value = 14; //reset  o



 if( angleflex1 <= 35.00 && angleflex1 >= 0.00 && angleflex2 <= 75.00 && angleflex2 >= 30.00 && angleflex3 <= 125.00 && angleflex3 >= 70.00 && angleflex4 <= 125.00 && angleflex4 >= 70.00 && angleflex5 <= 30.00 && angleflex5 >= -10.00 ) switch_value = 15; //reset  p



 if( angleflex1 <= 50.00 && angleflex1 >= 10.00 && angleflex2 <= 100.00 && angleflex2 >= 70.00 && angleflex3 <= 125.00 && angleflex3 >= 60.00 && angleflex4 <= 130.00 && angleflex4 >= 60.00 && angleflex5 <= 15.00 && angleflex5 >= -25.00 ) switch_value = 16; //reset  q




 //if( angleflex1 <= 23.00 && angleflex1 >= 5.00 && angleflex2 <= 25.00 && angleflex2 >= 8.00 && angleflex3 <= 100.00 && angleflex3 >= 70.00 && angleflex4 <= 90.00 && angleflex4 >= 65.00 && angleflex5 <= 65.00 && angleflex5 >= 40.00 ) switch_value = 17; //reset  r

 if( angleflex1 <= 135.00 && angleflex1 >= 100.00 && angleflex2 <= 130.00 && angleflex2 >= 77.00 && angleflex3 <= 130.00 && angleflex3 >= 75.00 && angleflex4 <= 130.00 && angleflex4 >= 90.00 && angleflex5 <= 80.00 && angleflex5 >= 40.00 ) switch_value = 18; //reset  s



 if( angleflex1 <= 99.00 && angleflex1 >= 68.00 && angleflex2 <= 130.00 && angleflex2 >= 65.00 && angleflex3 <= 120.00 && angleflex3 >= 70.00 && angleflex4 <= 130.00 && angleflex4 >= 75.00 && angleflex5 <= 70.00 && angleflex5 >= 39.00 ) switch_value = 19; //reset  t

// if( angleflex1 <= 27.00 && angleflex1 >= 0.00 && angleflex2 <= 32.00 && angleflex2 >= 0.00 && angleflex3 <= 102.00 && angleflex3 >= 70.00 && angleflex4 <= 100.00 && angleflex4 >= 60.00 && angleflex5 <= 45.00 && angleflex5 >= 15.00 ) switch_value = 20; //reset  u

// if( angleflex1 <= 16.00 && angleflex1 >= 5.00 && angleflex2 <= 30.00 && angleflex2 >= 15.00 && angleflex3 <= 105.00 && angleflex3 >= 85.00 && angleflex4 <= 100.00 && angleflex4 >= 83.00 && angleflex5 <= 45.00 && angleflex5 >= 30.00 ) switch_value = 21; //reset  v

 if( angleflex1 <= 15.00 && angleflex1 >= -15.00 && angleflex2 <= 20.00 && angleflex2 >= -15.00 && angleflex3 <= 10.00 && angleflex3 >= -15.00 && angleflex4 <= 85.00 && angleflex4 >= 55.00 && angleflex5 <= 55.00 && angleflex5 >= 25.00 ) switch_value = 22; //reset  w



 if( angleflex1 <= 85.00 && angleflex1 >= 50.00 && angleflex2 <= 130.00 && angleflex2 >= 60.00 && angleflex3 <= 130.00 && angleflex3 >= 60.00 && angleflex4 <= 130.00 && angleflex4 >= 67.00 && angleflex5 <= 110.00 && angleflex5 >= 40.00 ) switch_value = 23; //reset  x

if( angleflex1 <= 135.00 && angleflex1 >= 75.00 && angleflex2 <= 135.00 && angleflex2 >= 70.00 && angleflex3 <= 100.00 && angleflex3 >= 70.00 && angleflex4 <= 20.00 && angleflex4 >= -35.00 && angleflex5 <= 16.00 && angleflex5 >= -35.00 ) switch_value = 24; //reset  y

// if( angleflex1 <= 10.00 && angleflex1 >= 10.00 && angleflex2 <= 45.00 && angleflex2 >= 30.00 && angleflex3 <= 55.00 && angleflex3 >= 45.00 && angleflex4 <= 66.00 && angleflex4 >= 58.00 && ang

switch(switch_value)
{
  
case 0:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" A ");

  delay(1000);
break;

case 1:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print( " B ");

  delay(1000);
break;

case 2:

lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" C ");

  delay(1000);
break;
case 3:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" D ");

  delay(1000);
break;
case 4:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" E ");

  delay(1000);
break;
case 5:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" F ");

  delay(1000);
break;
case 6:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" G ");

  delay(1000);
break;
case 7:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" H ");

  delay(1000);
break;

case 8:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" I ");

  delay(1000);
break;

case 9:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" J ");

  delay(1000);
break;

case 10:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" K ");

  delay(1000);
break;

case 11:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print( " L ");

  delay(1000);
break;

case 12:

lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" M ");

  delay(1000);
break;

case 13:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" N ");

  delay(1000);
break;

case 14:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" O ");

  delay(1000);
break;

case 15:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" P ");

  delay(1000);
break;

case 16:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" Q ");

  delay(1000);
break;

case 17:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" R ");

  delay(1000);
break;

case 18:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" S ");

  delay(1000);
break;

case 19:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" T ");

  delay(1000);
break;

case 20:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" U ");

  delay(1000);
break;

case 21:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print( " V ");

  delay(1000);
break;

case 22:

lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" W ");

  delay(1000);
break;

case 23:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" X ");

  delay(1000);
break;

case 24:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" Y ");

  delay(1000);
break;

case 25:
lcd.clear();
lcd.begin(16, 2);
lcd.setCursor(0, 0);
lcd.print(" Z ");

  delay(1000);
break;

case 26:
delay(1000);
break;


}
}
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[bookmark: _Toc7523433][bookmark: _Toc7523487]Figure 50 Test sign language letter L
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[bookmark: _Toc7523437][bookmark: _Toc7523491]Figure 55 Test sign language letter Q
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https://www.youtube.com/watch?v=EI3grNY6a2A
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	Date
	Activity
	Comments

	11/06/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Discussing project’s goal and approach; splitting the project in smaller achievable tasks; setting schedule for future meetings

	18/06/2018
	Preparing research materials needed for the project
	Similar projects gathered and information about components needed

	02/07/2018
	Research started
	Started reading the available similar projects and information about components needed in the project

	26/09/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Received Arduino Kit + flex/contact sensor from supervisor to use it for the project; Confirmed the schedule program for future meetings and next tasks

	10/10/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Checking progress; discussed about future tasks; agreed on components that will be used in the project

	12/10/2018
	Acquiring components needed for projects
	Bought a flex sensor for each finger.

	24/10/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Present new components; discussed about necessity of acquiring backup components; presenting prototype design.

	25/10/2018
	Acquiring extra flex sensors for backup
	Bought 1 2,2 inch sensor backup for the thumb sensor and 2 4,7 inch sensor backup for the other fingers.

	07/11/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Discussed about interim VIVA presentation and analyse the work done.

	9/11/2018
	Start preparing the presentation
	Preparing PowerPoint presentation with the information from the work already done.

	21/11/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Presenting work done on presentation receiving advice on improving the work done on presentation

	05/12/2018
	Meeting with the project supervisor Mabrouka Abuhmida
	Setting up goals for winter holiday, discussed work done

	16/01/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Receiving feedback for VIVA presentation and discussing next tasks.

	23/01/2019
	Components testing
	Flex sensor were tested in the circuit designed

	30/01/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presented testing result and discussed future work

	01/02/2019
	Code testing for the design
	Testing written code for the design

	13/02/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presented code testing results, received advices about code written and components and discussed future work

	20/02/2019
	Gove testing
	Wollen glove and latex glove tested and compared

	27/02/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presented test result and discussed future work

	13/03/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presented work done and discussed future work

	27/03/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presented work done and discussed future work, discussed about malking a video record of the testing

	03/04/2019
	Testing the design
	Final test of the design before final presentation and making a video recording of the test

	10/04/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presenting the project with the video test; receiving feedback and discuss final adjustments

	17/04/2019
	Finishing Project
	Writing the final version of the project.

	24/04/2019
	Meeting with the project supervisor Mabrouka Abuhmida
	Presenting final version

	01/04/2019
	Submitting Final year project
	After final adjustments the project was submitted
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LCD Liquid-Crystal Display
USB Universal Serial Bus
ASL American Sign Language
BSL British Sign Language
GP General Practitioner
NHS National Health Service
UK United Kingdom
AOHL Action on Hearing Loss
V Symbol for Voltage
Ω Symbol for Ohm
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#include <LiquidCrystal.h>
LiquidCrystal lcd(2, 3, 4, 5, 6, 7);
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const int FLEX1_PIN = Al; // Pin connected to voltage divider output
const int FLEX2_PIN = A2;
const int FLEX3_PIN = A3; // Pin connected to voltage divider output
const int FLEX4_PIN = A4;
const int FLEXS5_PIN = A5;
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const
const
const
const
const

float VCC = 5; // Measured voltage of Ardunio 5V line

float R1_DIV
float R2_DIV

float R3_DIV =
float R4_DIV =
float RS DIV =

10000.0; // Measured resistance of
10000.0;
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const
const
const
const
const
const
const
const
const

float
float
float
float
float
float
float
float
float
float

STRAIGHT_RESISTANCEflexl = 18575.0; // resistance when straight
BEND_RESISTANCEflexl = 43000.0; // resistance at 90 deg
STRAIGHT_RESISTANCEflex2 = 14951.0; // resistance when straight
BEND_RESISTANCEflex2 = 31000.0; // resistance at 90 deg
STRAIGHT_RESISTANCEflex3 = 17000.0; // resistance when straight
BEND_RESISTANCEflex3 = 38000.0; // resistance at 90 deg
STRAIGHT_RESISTANCEflex4 = 37314.0; // resistance when straight
BEND_RESISTANCEflex4 = 82000.0; // resistance at 90 deg
STRAIGHT_RESISTANCEflex5 = 27700.0; // resistance when straight
BEND RESISTANCEflex5 = 55000.9: // resistance at 90 deg
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pinMode(FLEX1_PIN,
pinMode(FLEX2_PIN,
pinMode(FLEX3_PIN,
pinMode(FLEX4_PIN,
pinMode(FLEXS_PIN,

JINPUTY;

INPUTY;
INPUTY;
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pinMode(l, OUTPUT);
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if( angleflexl <= 125.00 && angleflexl >= 80.00 && angleflex2 <= 125
if( angleflexl <= 15.00 && angleflexl >= -10.00 && angleflex2 <= 10

if( angleflexl <= 40.00 && angleflexl >= 15.00 &% angleflex2 <= 40.
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case 0:

lcd.clearQ);
lcd.begin(l6, 2);
lcd.setCursor(0, @);
lad.print(" A "),
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