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Abstract 

Virtual Reality (VR) is considered an increasingly popular research domain as a 

methodology and field of study. VGRIP is a virtual reality grip which consists of integrates 

hardware and software implementations to operate in the desired manner. The virtual reality grip 

concentrates on giving the user a sense of movement in the virtual environment. It can serve both 

scientific and entertainment purposes. It can also be used to avoid risky situations for trainees 

practicing in an unsafe environment. This type of training will ensure high-level competencies in 

many training scopes. One of the methods this research focuses on is trial and error, testing and 

concluding results. Among several VR development engines and technologies, Unity was chosen. 

Likewise, for the hardware components, many components were tested in multiple phases before 

finalizing the tools. A real glove has been built from scratch and a hand model was customized in 

Unity to reflect the real glove. The LEAP motion sensor was used for hand reading which is 

considered the most mature (AI) for such task. The LEAP basically reads the motion of the 

physical hand transferring its data to Unity serially. As soon as the virtual hand in Unity grabs an 

object, a signal will be transferred to the microcontroller to lock the movement of the 

corresponding electromagnets which will restrict the movement of one or more fingers. The main 

concept behind VGRIP is to restrict the movement of the fingers in a way that makes the virtual 

environment feel as real as it looks. 

 Keywords: VR, grip, training, Unity, LEAP, hand model, microcontroller, 

electromagnets. 
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CHAPTER 1: INTRODUCTION 

Creating a link between technology and human contact has been an interesting aspect to 

conquer in our research. The incorporation of multiple senses that are co-dependent is what aspired 

to provide in this Capstone project, mainly, creating a functional bridge between a physical touch 

with a glove and VR (Virtual Reality). The first vital component of this project would be the glove 

created with motors to restrict motion. An Arduino microcontroller is used to receive feedback 

from the simulation running on a computer. The second essential factor of this project would be 

the creation of a VR environment. The environment will be created using Unity, a game engine 

used to create high quality games and simulations. The aim is to give the user the ability to enjoy 

a realistic experience whilst interacting with certain virtual objects.  

1.1 Background 

Virtual Reality applications can be used in both educational and entertainment purposes. 

The VR experience can be either similar or completely different than the real world. With the 

evolution of technology, it is expected that virtual reality applications play a strong role in the 

future. According to Michio Kaku an American theoretical physicist and futurist; VR applications 

are to help train pilots, astronauts, military personnel and medical researches, etc. [25] 

1.2 Problem Statement 

Nowadays, world only two senses are stimulated when a person engages in any virtual 

reality activity. These two senses are the sound stimulus and visual stimulus. In this project, the 

sense of touch in the VR experience will be involved. Whether this technology is used for 

entertainment or educational purposes it will add a new dynamic to the experience. The glove is 

built to react when a user is interacting with virtual objects. The glove restricts the hand movement 

depending on the virtual objects’ attributes. This will add a new stimulation factor when used for 

entertainment while providing a safe environment to practice on high risk tasks such as surgeon 

training. Also, it could be utilized for artists as it adds a new approach to 3D modelling.  
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1.3 Objectives 

The objectives of the project are the techniques that the team uses in order to achieve the goals 

mentioned in the previous section are as follows. 

The following list describes the techniques used to reach the goals: 

• Customize a glove that will react to Virtual Objects with a specific shape and size 

depending on its user 

• To be familiarized with sensors and actuators including flex sensors, leap motion sensors 

and electromagnets 

• To be familiarized with Unity, especially with creating a VR world   

1.4 Goals 

The following is a list of goals we aim to fulfil by the end of our senior project:   

• Major scientific development in the field. 

• Enhancing personal knowledge in VR domain. 

• Making the experience of VR using the glove more realistic. 

• Provide an economically convenient device, which can be used by people of diverse 

financial statuses. 

1.5 Significance, Scope and Definitions 

Virtual reality is an artificial environment that is created with software to be presented to 

the user through VR headsets. The headsets give a real environment experience to the user. Initially 

the focus is on two of the five senses which are sight and sound. In this project the focus is on a 

third sense which is the feeling. It will be demonstrated through the glove designed with sensors 

and actuators to control the movement of the hand during the experience. The glove can be utilized 

in several science fields to serve mankind. The glove is mainly going to work with a game that is 

designed by the team to narrow the procedure of programming the motors. 

1.6 SWOT Analysis 

This analysis allows the project members to identify areas that need improvement, through 

evaluating strengths, weaknesses, opportunities and threats of a project or a team. Tables 1.1 and 

1.2 illustrate the project SWOT analysis and the team SWOT analysis. 
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Table 1. 1  Project SWOT Analysis 

Strengths Weakness 

• The project is entertaining to work with 

• Components are affordable; thus, the 

project is overall fairly affordable. 

• Project has a lot of use cases. 

• Not a lot of old implementations 

published. 

• Can easily be damaged. 

• Complexity of system. 

• Safety issues. 

Opportunities Threats 

• Hot topic/big interests in gamers’ lives.  

• More demand in the market for such 

products 

• Can be used globally if fully developed. 

• Adding extra features will increase 

complexity. 

• Other similar systems exist resulting 

in competition. 

 

 

Table 1. 2  Team SWOT Analysis 

Strengths Weakness 

• Good communication skills. 

• Spirit of team work. 

• Team members have diverse skillsets. 

• Strong background with coding; all 

computer engineering students. 

• Meeting times; Time – 

Management. 

• Lacking mechanical engineering 

expertise. 

• Facing difficulties prioritizing 

objectives. 

Opportunities  Threats 

• Learn more about new technologies. 

• Electrical Engineering Supervisor. 

• Many resources within the group (VR 

background) 

• Improve programming and design skills 

for members. 

• Most team members are new to VR 

development. 

• Lacking 3D design background. 

• Lacking background in robotics.  
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1.7 Report Outline 

The first Chapter is basically introducing a general view of the project. The project’s 

problems, objectives, goals, and solutions were specified. A SWOT analysis for both the project 

and the team was defined as well. A detailed literature review about different projects that were 

implemented as prototypes; as well as their advantages and disadvantages are provided in the 

following chapter, which is the Literature Review. Chapter 3 covers the design and analysis 

section, in addition to highlighting the components needed, as well as providing functional and 

non-functional requirements of the project.  

Moreover, the chapter focuses on the different alternatives to implement the project, with 

a comparison between them. The initial implementation in terms of hardware and software will be 

discussed among team members. In this chapter, the team has concluded an estimate for the budget 

required for this project. Chapter 4 discusses the implementation as well as the functionality of 

each component. Evaluating safety aspects and ethics of the project will be included in Chapter 5. 

Furthermore, we will be discussing the impacts both economically and environmentally in the 

creation of this project. We have created a survey to gain numerous public opinions about Virtual 

Reality. Conclusively, Chapter 6 includes the fundamental aspects of this project and how it works. 
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Chapter 2 
Literature Review 
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CHAPTER 2: LITERATURE REVIEW 

In this chapter we will be mainly focusing on the differences and similarities between 

“Virtual Peripherals” and other technologies that has similar features.  To achieve this, a literature 

survey is conducted to assess the different hardware and software approaches that are related to 

the project. Moreover, a comparison between the different approaches will be documented to 

highlight the different points of contrast of related projects. This will help the team understand the 

available technologies, and guide our decision to develop a robust, efficient and viable device. In 

this section we will discuss our proposed approach while comparing it with different technologies 

available today. Conducting this research will help the team understand the technologies available 

around us, while also enabling us to develop a more efficient product that accurately reflect our 

vision of “Virtual Peripherals”. 

2.1 Virtual Peripherals 

The objective of “Virtual Peripherals” is to create a device that will connect the virtual 

world with the physical one. As the user interacts with a variety of virtual objects the computer 

simulating the virtual environment will send feedback to a wearable glove. The glove will analyze 

the data received from the operating machine accordingly by providing motor stimulation for the 

palm. There are four major parts of the “Virtual Peripherals” system: the computer, the game 

engine, the VR headset, and the wearable glove. Other than the glove (will be discussed later) all 

components have been chosen and assessed on their capability of smoothly running VR and their 

retail cost. The glove on the other hand, will be built from scratch by the team. An Arduino 

microprocessor and a couple of small motors will be used all fitted on the glove to engage the 

user’s motor experience. 

2.2 HaptX 

Haptx is the most prominent product currently available on the market. HaptX gloves are 

fully operational and are available to purchase for industrial needs or development purposes only. 

HaptX tackles all aspects of sense it stimulates both motor and touch sensations as shown in Figure 

2.1. With these gloves the user can feel the shapes, motion, size and weight by having the 

exoskeleton of the glove 4 lbs of resistive force. In addition, the user can also experience 
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temperature change and texture of the material by have more than 120 points of feedback that will 

change temperature and displace skin for up to 2mm [1]. Unlike our project, HaptX glove uses 

magnetic motion tracking to correctly monitor the arm movements while we will be using flex 

motion sensor. Although, the flex motion sensor will reduce the accuracy of approximating the 

hands position as they are longer than the fingers, however its within budged and much easier to 

integrate with the game engine. 

 

Table 2.1  Advantages and Disadvantages od HaptX 

 

 

   

  Advantages Disadvantages 

• Glove is light to wear. 

• Reacts to weight, shape, texture and 

motion of the virtual object. 

• Highly accurate touch sensation. 

• Provides change of temperature of 

an object. 

• Can work with any VR set. 

• Hard to move around as it is connecting 

to a very large operating machine. 

• Expensive to purchase 

• Sold only to industries. Cannot be 

bought by the general public. 

Figure 2. 1 HaptX Glove Image [1] 
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2.3 Gloveone 

 

Gloveone is another haptic glove that aims to provide the sensation of touch to the VR 

experience. A kick-starter was launched in 2015 by Neurodigital Technologies to develop a glove 

that can vibrate independently at different frequencies and intensities to reproduce accurate touch 

sensations as shown in Figure 2.2. Although, Gloveone tackles a different problem it shares the 

same idea for tracking the hand motion. Leap Motion sensor is used by the developers to track the 

hand movement. The success of this approach provides another perspective on motion detection 

that we may consider. Gloveone was later developed into the Avatar VR set [2]. 

 

Table 2.2  Advantages and Disadvantages of Gloveone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages Disadvantages 

• Relatively cheap. 

• Very light glove with no excess of 

wires to hinder the motion of the 

hand. 

• Wireless hand motion detection. 

• Can only be used with the Avatar VR 

set. 

• Made for entertainment purposes only. 

• Can only provide the sensation of 

touch. It will not stop the hands motion. 

Figure 2. 2 Gloveone Glove Image [2] 
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2.4 Wolverine (Haptic Interface) 

Wolverine is a wearable haptic device designed to recreate the sensation of grasping rigid 

bodies in a virtual reality environment. The glove is a low-cost device that simulates a force 

between the thumb and three fingers creating a griping force. The glove can withstand 100N of 

force and has integrated sensors that are used in feedback controls and user inputs [3]. The glove 

has uses breaks mounted on rails to restrain the thumb and fingers causing a grip as shown in 

Figure 2.3. 

The mechanical setup used in Wolverine will be a second option if our servo-motor system 

fails as it is simple, available and low cost. However, we rather avoid using rails as is consumes a 

sizable space around the hand and could restrict user’s hand freedom. 

 

Table 2.3  Advantages and Disadvantages of Wolverine 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages Disadvantages 

• Cheaply made and easily 

operated. 

• Can work with any VR set. 

• Only provides the function of restricting hand 

movement.  

• Can only support four fingers. 

• Utilizes rails and breaks that require space to 

operate.  

Figure 2. 3 Wolverine (Haptic interface) Image [3] 
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2.5 V-Glove  

Proposed by Scheibe, Mehringer and Froehlich, their product includes a tactile feedback 

system in a virtual reality application. The tactile feedback system is implemented for the fingertips 

in an integrated system that includes wired thimbles around the tips of each finger as shown in 

Figure 2.4. To simulate contact within the virtual experiences, the wire’s length is shortened to 

create an accurate alignment between the finger tips and the surface of the object; with contact 

comes vibrations through the wire and to the finger tips to enhance the user’s virtual experience 

and magnify their tactile stimulus. A microprocessor is used to shorten and loosen the wire with a 

control obtained over the vibrations. The microprocessor is controlled with the use of a 

microcontroller that continuously receives instructions from the virtual reality application. The 

glove is more user-friendly and reliable through the tactile feedback as it delivers direct 

manipulation tasks [4].  

 

Table 2.4 Advantages and Disadvantages of V-Glove  

Advantages Disadvantages 

• Method of communication: Wireless Provides 

force feedback (tactile feedback) 

• Uses an electromagnetic actuator which will 

enhance immersive virtual reality experience. 

• User-friendly and reliable. 

• Direct manipulation tasks. 

• Exoskeleton provided for all five fingers, 

accurate motion and precision in movement 

• Doesn’t provide tactic 

feedback  

• Doesn’t have hand tracking 

Figure 2. 4 V-Glove tactile feedback at fingertips [4] 
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2.6 A.R.T Finger Tracking System 

A.R.T is a company known for creating tracking systems for immersive virtual reality 

environments and has its unique technology for finger-tracking. Their glove is capable of tracing 

and keeping track of the user’s hand orientation and position [5]. Wireless communication is the 

method of communication between the control center and the glove. Two infrared LEDs that light 

up at an accurate timing are placed on each finger in the glove for tracking as shown in Figure 2.5. 

The purpose of these LED’s is for each finger to be easily and individually identified by the 

cameras; however, this glove doesn’t use tactile feedback.  

The construction of its glove is very intuitive and simple. It is very easy to wear and does 

not hinder the hand and palm movement as there are very little constructs on the hand. A similar 

method would be applied to our project in terms of motion restriction. 

 

Table 2.5 Advantages and Disadvantages of A.R.T Finger Tracking System   

Advantages Disadvantages 

• Provides force & tactic feedback. 

• Provides hand tracking. 

• Uses an electromagnetic actuator which will 

enhance immersive virtual reality experience. 

• Method of communication: Wireless  

• Exoskeleton provided for all five fingers, 

accurate motion and precision in movement. 

• Doesn’t provide tactic 

feedback  

• Doesn’t have hand tracking 

Figure 2. 5 A.R.T Finger tracking system [5] 
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2.7 HGlove 

Created by the French company Haption, the HGlove provides the use of only 3 fingers; 

the thumb, index, and middle finger. Two straps are used to attach the device to the hand along 

with hook and loop fasteners placed on the thumb and palm as shown in Figure 2.6. DC motors 

are applied to provide force across a two-bar mechanism on the fingertip [6]. The two-bar 

mechanism has a reducing factor on one gear and one small capstan. The immersive virtual reality 

experiences provide an advanced interaction with the glove with many intriguing factors of a glove 

like flexion/extension as well as rotation. No force-feedback is used, however, the user is able to 

establish a connection between the H-Glove and a force feedback device like Virtuose 6D. 

 

Table 2.6 Advantages and Disadvantages of HGlove  

Advantages Disadvantages 

• User is able to connect Hglove with force 

feedback device. 

• Uses a DC Motor to provide force across two-

bar mechanism: Reducing factor and small 

capstan. 

• Flexion, extension and rotation. 

• Exoskeleton providing accurate motion and 

precision in movement. 

• Doesn’t provide force/tactic 

feedback  

• Doesn’t have hand tracking 

• Doesn’t have wireless 

communication. 

• Use of only 3 fingers 

Figure 2. 6 HGlove Prototype [6] 
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2.8 CyberGrasp 

The CyberGrasp exoskeleton glove is one of the most famous and commercial virtual 

reality accessories. They were able to establish and integrate structures that express the force of a 

pulling cable through the fingertips with no constraints on the other finger joints; this was achieved 

by a complex mechanical structure [7]. The exoskeleton, however, doesn’t measure the movement 

of the fingers. The CyberGlove is a data glove that is worn under the CyberGrasp (Exoskeleton) 

that can detect and measure the movement of the fingers. The integration of great maximum force 

within the CyberGrasp is significantly larger than many other gloves on the market; it’s strong 

enough to stop the movement of a finger completely as shown in Figure 2.7. 

 

Table 2. 7 Advantages and Disadvantages of CyberGrasp  

Advantages Disadvantages 

• Establish force on user’s fingertips with no 

constraints on other finger joints. 

• Cyberglove under it that detects and measures 

movement of the fingers. 

• Great maximum force larger than other gloves 

on the market. Strong enough force to stop 

movement of finger completely (real-time). 

• Light weight compared to other gloves. 

(450g) 

• Doesn’t provide tactic 

feedback and hand tracking. 

• Doesn’t have wireless 

communication. 

• Most Expensive glove on 

market. 

Figure 2. 7 CyberGasp applied over the skin-colored CyberGlove [7] 
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2.9 Summary and Implications 

The aim is to create an affordable and mobile device that adds a new dynamic in the user’s 

virtual reality experience. The device will manipulate the user’s hand to stimulate the motor 

sensors of the user while still being comfortable to use. Although similar projects are lacking the 

team has a general idea on how to approach this problem and hopefully implement the desired 

outcomes. Table 2.8 below is a comparison between all reviewed projects. 

Table 2. 8 Comparison between reviewed projects  
 

 

Table 2.9  Literature Review 

 

Project 

Reference 

# 

Sensor 

Type 

Software/ 

Used 

Output 

Type 

Applications Portability Means of 

Identifying 

Gesture 

[4] Flex 

Sensor 

Arduino IDE/Unity 

Arduino integration 

Data 

Stream 

Orientation of finger 

Identification 

Yes Measure of 

movement 

[5] Accelero

meter 

  

Arduino IDE/Unity 

Arduino integration 

Data 

Stream 

Movement of hand 

Identification 

Yes Measure of 

movement 

speed. 

[6] Gyroscope Arduino IDE/Unity 

Arduino integration 

Data 

Stream 

Orientation of hand  Yes Rotation 

detection. 

[7] Magnetic 

lock 

N/A N/A Contact 

recognition/magnetic 

attraction generation 

Yes Restriction of 

movement 

VGRIP Electroma

gnets and 

Leap 

motion 

Adruino IDE/ Unity Data 

Stream 

Basic everyday 

interaction 

Yes Measurement 

of movement 
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HaptX Exosk. 5 yes Pneumatic yes yes yes NA NA NA 

Gloveone Glove 5 yes Electromagnetic no  yes yes 10 NA 499 € 

Wolverine Exosk. 4 yes Electromagnetic yes no yes Na NA NA 

V-Glove Exosk. 5 yes Electromagnetic yes no no 9 NA NA 

A.R.T Exosk. 5 yes Electromagnetic yes yes yes NA NA NA 

HGlove Exosk. 3 no DC Motor yes no no 9  750 30000€ 

CyberGrasp Exosk. 5 no Electromagnetic yes no no 5 450 50000€ 
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Chapter 3  

Design and Analysis  
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CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS 

In this chapter we will be illustrating the different ways we could have designed the project, 

and the reasoning behind the chosen design. This chapter will highlight all the aspects of the project 

separately and how they come together as an overall. This chapter will also show the design for 

both hardware and software. The components used in our current design will also be listed along 

with their specifications. 

3.1 Research Design 

Based on researches for the project a list of requirements is specified both functional and 

non-functional. These crucial aspects of the system are to make the vision clear of how the 

requirements are divided and prioritized.   

3.1.1 Functional Requirements 

Functional requirements are the tasks that the project should deliver and are main parts of 

it. They are things that the user expects from the system to do, with minimal malfunctioning cases. 

Without these requirements, the system will not perform according to the standards that were 

given, because these are considered crucial and vital features of it. Table 3.1 illustrates the 

functional requirements of our project with their priorities: 

 

Table 3.1  Functional Requirements and their priorities 

 

 

Functional Requirements Priority 

Detecting a gesture High 

Restricting hand movement High 

Ability to integrate with different sensors and devices into one entity High 

Flexible bending of the glove High 

Appropriate length of wires Medium 

Ability to control touch screen using glove Medium 
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3.1.2 Non-Functional Requirements 

The non-functional requirements are the requirements that describe how the system 

operates and executes the tasks it is supposed to do, rather than explaining what the system should 

do. These can be features that do not affect the main functions of the project, such as efficiency, 

time, power consumption, and portability. Table 3.2 includes the non-functional requirements of 

our project and their priorities: 

 

Table 3.2  Non-Functional Requirements and their descriptions 

 

3.1.3 Design Alternative  

Virtual Reality in a Grip is a project that connects both the virtual world and real one. It 

has the potential to send the user through an immersive VR experience. While also providing a 

risk-free training simulation that is as close to the real-world experience as possible. These designs 

will be illustrated and compared in this section; and in the following sections our current design is 

going to be discussed in further details. 

 

3.2 Virtual Peripherals 

The objective of “Virtual Peripherals” is to create a device that will connect the virtual 

world with the physical one. As the user interacts with a variety of virtual objects, the computer 

simulating the virtual environment will send feedback to a wearable glove. The glove will analyze 

the data received from the operating machine accordingly by providing motor stimulation for the 

palm. There are four major parts of the “Virtual Peripherals” system: the computer, the game 

Non-Functional 

Requirements 
Description  

Cost effective Should be affordable by people of diverse financial statuses. 

Reliable 
The output of the system should be as accurate as it could be for 

efficient use. 

Portable  System should be used in different scenarios and environments. 

High performance System should provide output in real time. 

User-friendly 
People of all levels of familiarity with the technology used to 

implement the project need to be able to use the glove. 
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engine, the VR headset, and the wearable glove. Other than the glove (will be discussed later) all 

components have been chosen and assessed on their capability of smoothly running VR and their 

retail cost. The glove on the other hand, will be built from scratch by the team. An Arduino 

microcontroller and a couple of small electromagnets will be fitted on the glove to engage the 

user’s experience.   

The computer used will be a custom-built desktop with ample processing power to render a 

smooth VR environment that will not upset the user’s experience. The following components are 

part of the Operating device.  

➢ GeForce GTX 980 Desktop Graphics Card 

➢ Intel® Core™ i7-8700 Processor  

➢ ASUS TUF H370-Pro Gaming (WiFi) LGA1151 (300 Series) 

➢ 2x Fury Hyperx DDR4 8GB memory 

➢ 2TB mechanical Harddisk Drive  

➢ 500GB Samsung Static State Drive 

➢ 750W PSU 

The device capabilities have been tested with a selection of VR games to ensure the performance 

is not subpar and will not negatively impact the user’s experience. The second component of our 

system will be Unity. The game engine will be the component that simulates the virtual reality 

world that the user will interact with. The engine will render the world and project it to the user 

through the VR headset. Moreover, the engine will record the user’s movement through a motion 

sensor to record the data and send feedback to the gloves. Most importantly the engine will display 

the VR world live, and accompanied by raw data on the computer screen which can be viewed 

externally; this will help the team trace the problems that may occur during runtime. 

Furthermore, the engine will allow us to add attributes and characteristics (e.g. weight, toughness 

and textures) through C# scripting. Generally, the engine will be utilized for the purpose of rapid 

prototyping as the virtual reality environment comes prebuilt. This will concentrate the team’s 

effort on building the glove and adapting to any unforeseen problems that will occur during trails 

and testing. 

Oculus rift will be the VR set chosen for this project. Oculus is compatible with both Unreal 

and Unity engines. The set is simple to setup and can be easily utilized for development as its 

assets and libraries are open source and can be installed on both Unity and Unreal. The VR set will 
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be accompanied by a leap motion sensor detecting the hand gestures. Although this method of 

control may not be preferred due to the likeliness of gathering wrong movement it will not 

handicap the hand as the glove will already add a restriction factor to the hand’s motions. 

The final component of the project is the peripheral glove. The aim of the glove is to restrict 

the hand motion according to data provided by the engine that simulates the VR environment. As 

soon as the hand is restricted in the VR world due to making contacts with different objects. The 

glove will react and stop the hand’s movement according to the parameters and shape of the VR 

object. This will be done by having an Arduino microcontroller connected with 10 electromagnets. 

The Arduino will receive information from the computer and control the electromagnets 

accordingly. The electromagnets will react by either creating a magnetic field to stop hand 

movement or disabling the field to allow free movement. 

 

3.3 System Architecture 

System architecture is a conceptual model or representation that describes the manner of 

how the system behaves. It basically illustrates the flow of the system’s components, what is being 

done by each of them, and how they are communicating with each other. The system architecture 

contains a description of the hardware, software, and interfaces. It also underlines the main 

principles for the system’s foundation. Our system’s architecture shown in Figure 3.1  

 

 

 

 

Figure 3. 1 System Architecture 
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3.4 Hardware 

3.4.1 Controller 

The first thing we agreed on after choosing our idea was using an Arduino as the main 

controller in our system. That is due to: availability, cost and diverse functionalities. However, it 

took us a while to choose the Arduino technology that suits us best. Arduino is generally an open-

source microcontroller that is used to work as a serial to USB converter, but the type of Arduino 

used is determined by the number of inputs and/or outputs needed by the system, and the optimum 

size for the design. 

 

3.4.1.1  Controller Alternatives 

Arduino LilyPad 

LilyPad Arduino Main Board has 20 digital pin, and 6 analog pins [8]. Our system requires 

more than four analog inputs, thus we used the Arduino Micro rather than the LilyPad, even though 

LilyPad is mainly used in wearable application. An image of the LilyPad is shown in the Figure 

3.2 below.   

 

 

 

 

 

 

Arduino Mega 2560 

The Arduino MEGA 2560 shown in Figure 3.3 is based on the ATmega2560 which runs 

on a 16MHZ oscillator. The MEGA 2560 is designed for complex projects and it is recommended 

board for robotics projects. Furthermore, it can be programmed with Arduino Software (IDE) 

version 1.0, which includes a serial monitor to send textual data to it. Its features include 16 analog 

inputs, 54 digital Input/output pins (15 pins used as pulse width modulation outputs), USB 

Figure 3. 2 Arduino LilyPad Micro-controller [8] 
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connecter, power jack, reset switch, 4 hardware UARTs for TTL (5V) serial communication and 

ICSP header. Both Arduino Uno and Arduino Mega powered by USB connection or external 

power supply. The board operates at a supply voltage of 5V; recommended input voltage is 7 to 

12 volts. ATmega2560 has 256 KB of flash memory for storing code [9]. Also, it has 8 KB of 

SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library). It is 

designed to be appropriate with the shields that designed for the Uno and Diecimila. 

 

 

 

 

 

 

Arduino Uno 

The Arduino Uno shown in Figure 3.4 is based on the ATmega328 microchip. Its features 

include 6 analog inputs, 14 digital I/O pins (6 pins used as pulse width modulation outputs), USB 

connecter, power jack, reset switch, 16 MHz quartz crystal, and an in-circuit serial programmer 

connecter (ICSP) header. The ATmega328 on the Arduino Uno comes preprogramed with a 

bootloader that allows the user to upload new code [10]. 

 

 

 

 

 

 

 

Figure 3. 3 Arduino MEGA micro-controller [9] 

Figure 3. 4 Arduino UNO micro-controller [10] 
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The Arduino Uno can be powered in two ways by the USB connection or external power 

supply. External powers come either from an AC-to-DC adapter or battery. The board operates at 

a supply voltage of 5V; recommended input voltage is 7 to 12 volts. ATmega328P has 32KB of 

flash memory for storing code. Also, it has, 2KB of SRAM and a 1 KB of EEPROM. 

 

Arduino Due 

The Arduino Due microcontroller shown in Figure 3.5 based on the Atmel SAM3X8E 

ARM Cortex-M3 CPU. It based on a 32-bit ARM core microcontroller. Also, it is good board for 

powerful larger scale Arduino projects. Its features include 12 analog inputs, 54 digital 

input/output pins (12 pins used as pulse width modulation outputs), 84 MHz clock, 4 hardware 

UARTs for TTL serial communication, power jack for supplying the board with voltage, reset 

switch and erase button., USB OTG capable connection, SPI header to communicate with other 

devices, 2 DAC digital to analog and JTAG header.[11] 

 

 

 

 

 

 

 

The Due is appropriate with Arduino shields that work at 3.3V, if applying higher than 

3.3v to any Input/output pin the board could damage [11]. Also, it is compliant with the 1.0 

Arduino pinout. It can be programmed with Arduino Software (IDE) version v1.5. The board 

operates at a supply voltage of 3.3V; recommended input voltage is 7 to 12 volts. The Atmel 

SAM3X8E has 512KB of flash memory for storing code and 96KB of SRAM. Its flash memory 

has to be erased before being re-programmed. 

  

Figure 3. 5 Arduino DUE micro-controller [11] 
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Arduino Micro 

The Arduino technology we decided to use is the Arduino Micro, due to its small size, but 

its convenient number of analog inputs/outputs. It has 12 analog pins, which is all what we need 

to be able to translate a large amount of gestures [12]. Since most of our sensors work with analog 

data, we had to have a good amount of this type of input; also its small size makes it look 

presentable on a glove. 

 

Table 3.3  Differences between Arduinos 

 

 

Our team chooses the Arduino Micro to the special feature of this type of Arduino which is the 

number of Input/output pins that we needed it for implementing some required functionalities. The 

comparison of all Arduinos is all summarized above in Table 3.3 

  

Category 
Arduino 

UNO 

Arduino Mega 

2560 

Arduino Due Arduino 

Micro 

Microcontroller ATmega328 ATmega2560 
Atmel 

SAM3X8E 
ATmega32U4 

Operation Voltage 5V 5V 3.3V 5V 

Input Voltage 

(recommended) 
7-12V 7-12V 7-12V 7-12V 

PWM Channels  6 16 12 7 

Digital I/O Pins 14 54 54 20 

Flash memory 32KB  256KB 512KB 32KB 

SRAM  2KB 8KB 96KB 2.5KB 

EEPROM 1KB 4KB - 1KB 

Clock speed  16MHZ 16MHZ 84MHZ 16MHZ 
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3.4.2 Accelerometer  

The MMA8452Q is a smart low power, three-axis, capacitive MEMS accelerometer with 

12 bits of resolution [13]. It is basically a decide sensed to use acceleration with movement, which 

means it can detect the tilting of the hand position, helping us to determine the hand’s orientation 

with respect to the axes. 

 

 

 

 

3.4.3 Electromagnet Actuator 

Electromagnet shown in Figure 3.7 is an actuator, it does actions such as motor rotation, 

servo movement and magnet [14]. It will be used as motion sender in this project, the motion is 

received from the readings of the LEAP through Unity since electromagnets and LEAP do not 

communicate directly. The main purpose of the electromagnets is to control the motion of the hand, 

the challenge is to not let the pins touch the hand since the human body deliver electricity. The 

initial plan is to fix the electromagnets on the wrist and connect them to the fingers using. 

  

Figure 3. 6 MMA8452Q MEMS accelerometer [13] 

Figure 3. 7 Electromagnet Actuator [14] 
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3.4.4 The Glove 

A glove that is comfortable and tight enough in order to detect the movements and the 

bending degrees of the user accurately. Moreover, the thickness of the glove is moderate for user 

comfort. The glove is touch-screen friendly as well. 

 

 

 

 

 

 

3.4.5 Motors 

DC Motor 

A DC motor is an electrical machine which converts electrical energy into mechanical 

energy in form of rotation [15]. As shown in Figure 3.9, DC motors have inductors inside, which 

produce the magnetic field used to generate movement from north to south. A wire coil that has 

voltage applied in its terminals is in the magnetic field. The DC motor generates an electromagnetic 

field whenever a current flow through the coil, and as a result the coil will rotate [15]. 

 

 

 

 

 

 

Figure 3. 8 Wearable Glove 

Figure 3. 9 Schematics of DC Motor [15] 
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There are many types of DC motors that widely used. Figure 3.10 is one type of a DC 

motor. They can be powered from existing direct-current lighting power distribution systems. A 

DC motor's speed can be controlled over a wide range, using either a variable supply voltage or 

by changing the strength of current in its field windings [15]. 

 

 

 

 

 

 

 

AC Motor 

An AC motor is an electric motor driven by an alternating current (AC) which used in 

powering homes, factories and buildings, unlike toys where we just do need small batteries to 

power it (DC motor). The direction of current flow changes periodically. In the case of common 

AC that is used throughout most of the United States, the current flow changes direction 120 times 

every second [16]. 

 

 

 

 

 

 

 

 

 

Figure 3. 10 DC Motor 

Figure 3. 11 AC Motor [16] 
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Servo Motor 

Servo motors as shown in Figure 3.12 are used in many applications. They are very energy-

efficient. These features allow them to be used to operate remote-controlled or radio-controlled 

toy cars, robots and airplanes. Servomotor is a rotary actuator or linear actuator that allows for 

precise control of angular or linear position, velocity and acceleration [17]. It consists of a suitable 

motor coupled to a sensor for position feedback. It also requires a relatively sophisticated 

controller, often a dedicated module designed specifically for use with servo motors [17]. Issues 

that can be faced in keep forcing in certain direction might crash, solution: create something) 

 

 

 

 

 

Geared DC Motor 

Geared DC motors is considered as one of DC motor’s types. A geared DC Motor, as shown 

on Figure 3.13, has a gear assembly attached to the motor. The speed of motor is counted in terms 

of rotations of the shaft per minute and is termed as RPM. The gear assembly helps in increasing 

the torque and reducing the speed. Using the correct combination of gears in a gear motor, its speed 

can be reduced to any desirable figure. This concept where gears reduce the speed of the vehicle 

but increase its torque is known as gear reduction. This Insight will explore all the minor and major 

details that make the gear head and hence the working of geared DC motor [18]. Geared DC motors 

used for many applications. For example, it uses in quad bikes, golf carts, buggies, electric bikes, 

kiddie carts and more. 

 

 

 

 

Figure 3. 12 Servo Motor [17] 

Figure 3. 13 Geared DC Motor [18] 
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Arduino Motor Shield 

The Arduino Motor Shield is a dual full-bridge driver designed to drive inductive loads 

such as relays, solenoids, DC and stepping motors. It used to drive two DC motors with the 

Arduino board, controlling the speed and direction of each one independently [19]. The Arduino 

board can also measure the motor current absorption of each motor, among other features. 

 

 

 

 

 

 

 

3.4.6 Sensors  

Flex Sensors 

Flex sensors are also called bend sensors, shown in Figure 3.15. They are used for 

measuring the amount of bending of the fingers in contact with the sensor. Flex sensors can vary 

in terms of their range of resistance and their lengths at rest normal resistance value, 45 degree 

bend increased resistance value and 90 degree resistance value further increased [20]. The size we 

chose was 1 cm, we chose our flex sensors to be this size because it covers the spectrum of the 

joints we need at this stage. 

 

 

 

 

 

 

Figure 3. 14 Arduino Motor Shield [19] 

Figure 3. 15 Flex Sensor [20] 
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Pressure Sensors 

Pressure sensors, as shown in Figure 3.16, are used to detect whether or not a certain finger 

has pressure being exerted on it; as well as how high the pressure being exerted on it. It is sensitive 

from 0.1N to 10N of pressure [21]. It has a diameter of 4mm and an overall length of 0.5 cm; we 

chose these sizes because they are the most suitable for each finger’s width. 

 

 

 

 

 

 

3.5 Software 

Unity engine 

Unity is a cross-platform development platform initially created for developing games but 

is now used for a wide range of things such as: architecture, art, children's apps, information 

management, education, entertainment, marketing, medical, military, physical installations, 

simulations, training, and many more. Unity takes a lot of the complexities of developing games 

and similar interactive experiences and looks after them behind the scenes so people can get on 

with designing and developing their games. These complexities include graphics rendering, world 

physics and compiling. More advanced users can interact and adapt them as needed but for 

beginners they need not worry about it. Games in Unity are developed in two halves; the first half 

- within the Unity editor, and the second half - using code, specifically C#. Unity is bundled with 

MonoDevelop or Visual Studio 2015 Community for writing C#. [22] 

 

 

 

 

Figure 3. 16 Pressure sensor [21] 

Figure 3. 17 Unity Game Engine logo [22] 
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Unreal Engine 

Unreal Engine is a game engine developed by Epic Games, first showcased in the 1998 

first-person shooter game Unreal. Although initially developed for first-person shooters, it has 

been successfully used in a variety of other genres, including stealth, fighting games, MMORPGs, 

and other RPGs. With its code written in C++, the Unreal Engine features a high degree of 

portability and is a tool used by many game developers today, with it being source-available. The 

most recent version is Unreal Engine 4, which was released in 2014. [23]  

 

 

 

 

Arduino IDE 

Arduino IDE software (Integrated Development Environment) allows the user’s code to be 

uploaded on the Arduino board.  Arduino is an open-source platform used for building electronics 

projects. Arduino consists of both a physical programmable circuit board which is also called a 

microcontroller and a piece of software, or IDE (Integrated Development Environment) that runs 

on your computer, used to write and upload computer code to the physical board. The Arduino 

Software (IDE) - contains a text editor for writing code, a message area, a text console, a toolbar 

with buttons for common functions and a series of menus. It connects to the Arduino and Genuino 

hardware to upload programs and communicate with them. Programs written using Arduino 

Software (IDE) are called sketches. These sketches are written in the text editor [24]. 

 

 

 

 

 

 

 

Figure 3. 18 Unreal Game Engine logo [23] 

Figure 3. 19 Arduino IDE logo [24] 
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Visual Studio 

Microsoft Visual Studio 2017 is an integrated development (IDE). It supports developers 

of many types of application as well as Web services. Visual Studio has 36 different programing 

Languages which is C, C++, Python languages and C# by Visual C#. Also, it has built-in tools that 

comprise of web designer, database designer, and code profiler. 

 

 

 

 

3.6 Budget 

Our project VGRIP requires several components that add up to a costly sum. Calculating 

the cost of the components for the main capstone project, we obtained a total for about $609.71 

this approximates the total cost of the project. Table 3.4 calculates the expense of the proposed 

design 1 or what was done during the implementation of our first tested prototype, the cost of the 

entire prototype was $74.05, it lists the prices of the components used, quantity, and their purchase 

method.  

Table 3.4  Prototype Budget 

 

 

The final project design expenses are identified in Table 3.5 below which shows the entire cost of 

the final project, this budget list also considers the cost of shipping the components. 

 

Components Name  Availability  Quantity  Price/Unit $ Price $ 

Glove Yes 1 $11.52 $11.52 

Flex Sensor Yes 2 $16.45 $32.91 

Bread Board Yes 1 $4.94 $4.94 

Jumper Wires Yes 5 $1.65 $8.23 

Arduino Mega 2560 R3 Yes 1 $16.45 $16.45 

Total - 11 $51.01 $74.05 

Figure 3. 20 Microsoft Visual Studio logo 
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Table 3. 5 Expenses of final design 

 

 

3.7 Conclusion 

This chapter explains various aspects of our project, which are all revolving around design 

and analysis. The requirements of the project are explained, with both types, the functional and the 

non-functional. The system architecture visually presents the flow of the system, with a description 

of it that illustrates the implementation step by step. This chapter also highlighted several 

components of the ones that we considered using in our approach. We understood how each of 

them works with their specifications, features, and budget, and then chose the most appropriate 

ones for our project. 

  

Components Name  Availability  Quantity  Price/Unit $ Price $ 

Glove Yes 1 $11.52 $11.52 

Flex Sensor Yes 5 $16.45 $82.25 

Bread Board Yes 1 $4.94 $4.94 

Jumper Wires Yes 5 $1.65 $8.23 

Arduino Mega 2560 R3 Yes 1 $16.45 $16.45 

Magnet door clip Yes 5 $4.11 $20.55 

Electromagnets Yes 10 $7.40 $74.00 

LEAP motion Yes 1 $179.62 $179.62 

Magnet sheets Yes 1 $6 $6 

Metal prototype Yes 1 $44.44 $44.44 

Acrylic pipe Yes 1 $9.25 $9.25 

Acrylic designing  Yes 1 $44.44 $44.44 

Leather Yes 1 $30 $30 

Nylon Yes 1 $3.7 $3.7 

Glove designing  Yes 1 $74.07 $74.07 

Total - 36 $505.01 $609.71 
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Chapter 4 
Implementation 
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CHAPTER 4: IMPLEMENTATION 

This section normally describes how the implementation of the project was done, the tools 

that were used, the difficulties that were encountered and the way they were overcome. The 

structure of this chapter should reflect the major stages in the development process and/or the 

major components. The proposed implementation must clearly state and comply with the IEEE 

standards related to the topic and product. Add a table listing any IEEE standards corresponding 

to the technologies used in the implementation of the product in an appendix. The implementation 

part in Capstone I is basically a starting point to what is going to happen in Capstone II. In Capstone 

II, it is expected to demonstrate a functional glove that provides the actual feeling of virtual objects. 

The progress made currently was testing the flex sensors validity and controlled one finger using 

it. Despite that what was done is considered basic steps for the project, although some difficulties 

were faced and will be mentioned later.  

4.1 Hardware Implementation Phase I 

4.1.1 Testing the Circuit to Arduino 

 

After testing the components individually to check their functionality, the flex sensors were 

connected on the Arduino, and later on were placed on the glove. After making sure that the flex 

sensors function properly, the next step was to figure out the range that it can take to be able to 

have accurate measurements in the Unity engine. The current plan reached for the glove is to use 

ten flex sensors, two on each finger of the hand. For the prototype in Capstone 1 (CPEG 475); one 

flex was used for one finger in order to record its reading and flexibility on glove. In Figure 4.1, 

the first step is shown where wires and flex sensors connected on the breadboard with a 1.2KΩ 

resistance. In Figure 4.2 the breadboard is connected to Arduino in real life and in Figure 4.3 is an 

illustration of the circuit. 

 



39 
 

  

Figure 4. 2 Flex connection on board 

Figure 4. 3 Hardware connection for one flex sensor 

Figure 4. 1 Connecting the board to Arduino 
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4.1.2 Testing the circuit in Unity 

After making sure that the connection is working and the flex is giving accurate values, the 

following step was to connect to the virtual machine (Unity) and test if the actual glove moves as 

the virtual hand. The flex sensor was fixed into the glove using regular tape and soldered with 

wires in order to connect the wires to the breadboard and Arduino as shown in Figure 4.4, and the 

virtual hand in Figure 4.5. In both Figures supposedly both hands are acting in the same attitude 

and doing the same hand movement. It is still not hundred percent accurate to do the exact same 

move, but it is notable that the virtual hand is approximately 75% acting as the real hand which is 

most likely caused by the tape used to fix the sensor in the glove. The problems faced were mostly 

in this phase, will be discussed furthermore in the following part. 

  

Figure 4. 4 Attaching the flex sensors to the glove 

Figure 4. 5 Result of one finger on Unity 
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4.2 Software Implementation I 

4.2.1 Software Components I 

i. Flex Sensors 

The initial step was to test the flex sensors in order to make sure that they are in fact the 

most suitable sensors to use for the project’s purpose. By connecting the flex to the Arduino 

directly, the change in its readings was notable when a finger is bent and when it is straight as 

shown in both Figure 4.6. In Figure 4.7 it is also showing readings but this time with two flex 

sensors connected. It is noticed that two ranges are given. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 6 Flex sensor readings on Arduino 



42 
 

 

4.3 Hardware Implementation Phase II 

In Capstone 2, the project’s orientation has changed from flex sensors to another approach 

which consisted electromagnets and LEAP motion VR developer. Basically, the project is doing 

the same concept but headed to another process of implementation due to many reasons that will 

be discussed furthermore in the following stages.  

 

4.3.1 Hardware Components 

ii. Arduino Mega 

 

Arduino Mega was used for this project as it has enough digital pins for 10 electromagnets 

to be used. The Mega’s high number of pins allow for extending the microcontroller with more 

features in the future. The main task of the Arduino is to serially communicate with the Unity and 

control the electromagnets based on the collisions described in the next sections. 

 

Figure 4. 7 Flex readings of two sensors on Arduino 
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iii. Electromagnet 

 

The electromagnets as shown in Figure 4.8 require 5V, which is the amount supplied by 

the Arduino’s digital outputs. A higher voltage electromagnet could have been used to ensure 

stronger magnet fields but that will require the use of transistors or relays which will take more 

space and add more weight and cost to the glove. Each electromagnet has its own rounded metal 

piece which will stick to it whenever the electromagnet is on. A single electromagnet has two 

wires, one connected to an Arduino digital pin as an output and the other one connected to ground. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A piece of metal is placed under the electromagnet with a little gap with a thread passing 

through, whenever a field is generated, the metal will move up closing the gap and locking the 

thread’s movement as shown in Figure 3.9. 

 

 

 

 

 

 

 

 

  

Figure 4. 8 Hardware connection one electromagnet 

Figure 4. 9 Connection of magnet sheet on electromagnet 
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iv. Leap Motion 

Leap motion sensor is used to provide a precise hand movement in Unity. The component 

can be used by connecting it directly to the PC through USB and installing the Leap Motion SDK. 

Using one of the latest versions of Unity, the leap has support out of the box. The leap can be set 

on a desk or mounted on a VR headset depending on its usage.  

 

 

 

 

 

 

 

 

 

 

 

 

After processing the flex sensors and implementing the hand to work in Unity, by the time 

the circuit was developed, the new approach was an idea. IdeaLink offered to deliver LEAP to 

Kuwait. Reasons that LEAP was not in the plan that it was not available in Kuwait’s store and its 

accuracy was not expected. The LEAP motion is high-quality product in terms of virtual reality 

use. Moreover, it already has multiple hand models in Unity, instead of designing one from scratch 

which was already done in Capstone 1. LEAP is currently considered the most developed ai 

(artificial intelligence) created. The one used for the project is not the latest version of LEAP, there 

is a newer version, but it is not available in Kuwait. Switching the approach from flex sensors and 

gyroscope to LEAP was encouraged because the cost is approximately the same, slightly different 

but with a higher level of accuracy.  

  

Figure 4. 10 Leap Motion image 

Figure 4. 11 Leap Motion inserted on VR set 
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v. VGRIP glove 

 

VGRIP glove is a customized glove that consists of two main parts; the holder and the 

fingertips as shown in Figure 4.12. The holder contains the five electromagnets which will control 

the movement of the five fingers. The fingertips are passed through the electromagnets by strong 

threads which will restrict the fingers’ movement whenever the electromagnets are generating a 

magnet field. 

 

 

 

 

 

 

 

 

 

 

 

4.3.2 Microcontroller Code 

The Arduino code follows a simplistic approach which takes all computations away from 

the microcontroller. The team decided to put most of the heavy lifting on Unity (described later in 

detail) since it will run on a powerful machine (Gaming machine) which is much faster than the 

Arduino. Moreover, Simplifying the Arduino code and doing everything else in Unity allows game 

developers to easily customize their games changing the behavior of VGRIP whenever they want. 

 

 

 

 

 

 

 

Figure 4. 12 Hardware connection of all electromagnet 

Figure 4. 13 Arduino Code 
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The microcontroller in VGRIP constantly listens to Serial data being sent by Unity, the 

data sent will consist of 10 codes referring to the 5 fingers of each hand followed by the character 

“l” for lock or “u” for unlock. The microcontroller will then perform the action on the 

electromagnet connected to that finger by sending it a HIGH or a LOW signal. If multiple fingers 

where to be “locked” or “unlocked”, the microcontroller will receive them in one string. 

 

 

 

 

 

 

 

 

 

 

4.4 Software Implementation II 

Concurrently with the hardware’s new approach the software had some changes itself. 

Initially, the flex was connected to the Arduino directly through the pins and a breadboard and 

programed through Arduino. The LEAP on the other hand it is a component by itself with its own 

USB to connect to the device. In addition, the LEAP is an older version from the Unity that is used 

in the project, so an ST case was needed to work with the LEAP’s version.  

 

4.4.1 Software Components 

i. Leap Motion Assets 

The Leap motion assets contains all the libraries necessary to use the sensor on Unity. It 

allows for many customizations from within the engine. The assets include hand models already 

setup to be used in Unity. The hands where customized further for VGRIP to allow the detection 

of collision with world objects. Moreover, the Leap Motion Interaction Engine must be used in 

Unity which creates a customizable layer between the Unity and the actual hands’ physics. 

Figure 4. 14 Serial Data sent by Unity for 5 Fingers 
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ii. Unity and Visual Studio 

Unity was used in VGRIP as the main software in which the games and customizations are 

developed. There are three main Game Objects that were developed and customized in Unity; the 

hands, the serial controller and interactable objects. The hand models used where the ones provided 

by Leap Motion, however, they lacked the collision details needed in the project (More on that 

Figure 4. 15 Unity Display after Leap Motion assests were added 

Figure 4. 16 Interaction Behavior of Unity 
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later). The serial controller simply sends data to the Arduino. It gathers all finger and game object 

interactions and based on that data it decides which fingers to be locked or unlocked. The data is 

sent to the Arduino at a baud rate of 9600. Finally, the interactable objects are customized by 

adding a specific script to any game object that has a collider (Collision component). All the scripts 

where coded in Visual Studio which are reflected in Unity instantly. 

 

4.4.2 Collision Detection 

In Unity colliders are components added to game objects in order to create collision 

between them. Colliders can have a primitive shape such as a box, sphere, cylinder or cone. A 

collider can also be based on a mesh, which calculates the points of the game object shape and 

create a collider based on it. While a mesh collider is very precise, most implementations 

(including VGRIP hands) don’t use it since it produces a high number of collision points which 

hinders the performance. Instead, sphere colliders were used for the finger tips and a bock collider 

for the palm Figure 4.17. When a collision occurs, it gets registered in an list, after all fingers and 

palm detections, if any finger has collided with an object and that object colliding with either the 

thumb or the palm, a locking collision is detected, otherwise all previous locked collisions are 

unlocked. 

 

 

Figure 4. 17 Colliders inserted to hand on unity 
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4.4.3 Serial Communication 

The Arduino and Unity communicate at a baud rate of 9600 through USB Figure 4.18. The 

communication is done through sending a string line. Instead of sending fingers collision status 

continuously, the game sends data only when a locking or unlocking event must happen. This 

lowers the number of serial data received by the Arduino reducing power consumption and 

allowing enough time for the Arduino to process all data without large buffers. 

 

 

 

 

4.5 Demo 

The demonstration of such an implementation started with a minimalistic scene with three 

primitive types: A plane, a cube and a sphere Figure 4.19. The plane was a regular object where 

all the other objects reside, while the cube and sphere where interactable objects. A few tests were 

performed. The first few tests ensured better calibration for the hand models by tweaking the 

location of the plane, the hands and the leap motion sensor. The next few tests were for the 

enhancement of the grabbing as the collision was not precise. After modifying the colliders sizes 

and locations a few times, the precision enhanced to ensure very minimal errors. Finally, some 

more tests where done to decide at which point Unity will send the locking and unlocking signals, 

this ensures that the fingers interaction with the virtual world are reflected on the real world. 

Figure 4. 18 Serial Controller on Unity 

Figure 4. 19 Testing Leap Motion Sensor 
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Following the primitive demo, a more complex puzzle-based demo was developed. The 

game utilizes the VGRIP in every part of the game including the menu, where instead of clicking 

a button, the user pulls a cubic button as shown in Figure 4.20. The game consists of multiple 

puzzle, for instance one puzzle is a maze where the player must grab a stick from start to end 

without it touching the edges/walls. All the other games heavily utilize VGRIP’s ability of 

restricting the fingers for a more precise and realistic movement. 

 

 

Figure 4. 20 Puzzle-based demo developed on unity 

Figure 4. 21 Puzzle-Based game using VGRIP 
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4.6 Problem Faced 

Through implementation of our capstone design project we have faced many difficulties 

over the two different phases. During the implementation of the prototype of capstone design 1 we 

faced some difficulties that we were able to solve in the implementation of the complete project 

that is by capstone design 2. 

• Specifying the sensor was challenging due to the accuracy needed for the project. 

• The method of fixing the sensor on the glove. 

• Using a double-faced tape to fix the sensor on the glove and removed it, it removed 

the copper from the flex sensor and damaged it. 

• For the prototype in CPEG 475 using a regular tape, the movement was hard for the 

user and it was not showing the exact moves on Unity. 

• Connect reactions with collisions (collider in Unity and electromagnet) 

• Not allow the pins of the electromagnet to touch the hand. 

• Every time electromagnets are turned on; they get heated quickly. 

• Magnet sheets did not work, had to look for a metal that is shaped in a way that can 

adapt with the electromagnets shape. 

4.7 Conclusion 

In this chapter, we provided all steps that were taken to implement a prototype of our 

project VGRIP. The configuration and calibration of components based on their requirements was 

discussed in this chapter. The connection of the components to implement a small prototype was 

also included. In the next chapter, we will discuss about the evaluation of our project, by explaining 

its impact on different type of organization and people. It will also include other people’s points 

of view on our project VGRIP.  
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Chapter 5  
Evaluation 
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CHAPTER 5: EVALUATION 

Chapter five is where we discuss how the creation and implementation of our project is 

going to attribute to numerous changes in the community upon its release. Virtual reality that co-

exists with a glove does exist in the market, however, what we aim to produce is going to be 

unique. Our project’s goal is to create an environment where the player would truly experience the 

virtual reality with all the missing aspects that current models have. Using motor brakes in the 

glove will provide the player to carry or grasp an object virtually while feeling it physically. 

Successfully creating a more surreal and realistic experience for the users is our main objective. In 

this chapter, we’ll discuss the numerous impacts and aspects that will occur upon creating this 

project. We will reflect on the effects ethically, economically, socially and environmentally.  

 

  

Figure 5. 1 Graphic description of safety measures 
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5.1 Ethical Responsibility 

 With any engineering innovation comes great responsibility that must be ethical and secure. 

Ethics are moral principles that guide behavior. To all engineers, working on a specific project, 

comes a huge factor of ethical responsibility. The highest standards of quality, integrity, and 

honesty are to be applied in any project created by engineers. In our project, many concepts that 

are going to be applied need to positively impact the people and the society to surpass the ethical 

standard that our project demands. Four concepts concern us in ethically creating this project: 

privacy, security, safety, and user power.  

 Privacy and security of the users who are going to be using our Virtual Reality glove is an 

important aspect. In terms of safety, our first and upmost concern would be the force our glove 

exerts on the user’s fingers, to eliminate this concern we need to manipulate a couple of factors. 

The braking force of the user will be determined through a quantitative and qualitative experiment 

as well as a psychophysical evaluation, which provides us with a definite limit to each finger’s 

capacity and stiffness. Our virtual reality glove should not harm the users physically. Our sole 

purpose is to let the users enjoy a different dimension virtually in a danger-free zone. 

 

 

 

 

 

 

 

 

 

 

 

User power is mainly focused on two factors: grasping method and haptic rendering. For 

the grasping method we’re going to implement kinematics to create the desired algorithm. This 

algorithm will help create a grasp that takes place when all fingers are positioned within certain 

Figure 5. 2 Virtual world through the User's perspective 



55 
 

centimeters of a virtual object, this grasp will create a bridge between the user’s physical and 

virtual grasp. The use of kinematics is to maneuver the rotation and repositioning of the object in 

real time. The grasp will come to end when the implementation of kinematics exceeds its original 

distance. This ensures a safe and realistic grasp. With haptic rendering, we’re mainly concerned 

about activating the index and thumb brakes concurrently.  

A lack of motion in any finger will be received as a zero-blocking force, but one the 

finger(s) initiates motion, it will receive it as motion and locks the extent to which the user 

realistically feels the object but doesn’t flex unnaturally. In a certain mechanism yet to be 

identified, the motor brakes counteract resulting in a direct limitation “brake” of the fingertip’s 

downward motion.  This creates the illusion during user interfacing of physically grabbing an 

object virtually but not necessarily using the same amount of force needed in the real world. For 

user power, we stress the fact that this is a danger free environment that we seek to provide. Hence, 

if the user power exceeds the natural grasp force it can potentially break the glove, more so 

highlighting under any circumstance the load force by the user is two or three times the desired 

force, the user will either be restricted or conclusively resulting in a damaged glove, user injuries 

is not and will not be an option. During implementation, haptic rendering will include a perceptual 

theory regarding object manipulation during initial contact. To create a more realistic feel to the 

grasp, we’re considering tactile feedback with the use of vibration motors. 

  

Figure 5. 3 Graphic depiction of system feedback and reaction 
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The team decided to choose the NSPE and IEEE code of ethics for engineers as a guideline for the 

ethical principles for our project. The following points are the values the team decided on: 

 

5.1.1 NSPE [ National Society of Professional Engineers]; Code of ethics Preamble 

Engineering is an important and learned profession. As members of this profession, 

engineers are expected to exhibit the highest standards of honesty and integrity. Engineering has a 

direct and vital impact on the quality of life for all people. Accordingly, the services provided by 

engineers require honesty, impartiality, fairness, and equity, and must be dedicated to the 

protection of the public health, safety, and welfare. Engineers must perform under a standard of 

professional behavior that requires adherence to the highest principles of ethical conduct. 

5.2 Fundamental Keys 

Engineers, in the fulfillment of their professional duties, shall: 

• Hold paramount the safety, health, and welfare of the public. 

• Perform services only in areas of their competence. 

Conduct themselves honorably, responsibly, ethically, and lawfully so as to enhance the honor, 

reputation, and usefulness of the profession. 

 

5.3 Force Discrimination Evaluation 

Multiple grasping innovations have been created that take a great amount of force required 

for each finger, however, we don’t think we need immense force for object manipulation in virtual 

reality. In the force discrimination evaluation, our highest concern would be the stiffness that will 

be rendered on each finger. We aim to incorporate different levels of grasping and different 

amounts of force required to deliver a sense of realism and authenticity while interacting in the 

virtual world; that will be achieved with different measures of stiffness that differs from object to 

object and a difference in input voltage. During implementation we will need to measure the force 

output of each finger in the glove and create a range of referenced voltages that will be tested later 

throughout, during analysis. 
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5.4 Impact Evaluation 

5.4.1 Impact on Environment 

Recent studies prove that virtual reality can help increase empathy towards nature within 

the users. Many pro-nature movements have been creating games where its user experiences 

environmental issues we face today like air pollution, sea pollution, land pollution, animal cruelty, 

etc. Throughout all these games, users can experience many causes on a first-hand basis which 

studies prove to be influential as the experience is provided through virtual reality. Virtual reality 

plays a larger role in environmental campaigns than any other form of delivery (pamphlets, 

brochures, talks, etc.) Good examples that have been used in these studies are: the cow experience 

and the lumberjack. The setting of the cow experienced makes the user witness what being herded 

into a truck, and the lumberjack experience provides users with a firsthand experience with cutting 

down trees. After these examples have been implemented on the users, studies proved that these 

people grew empathetic towards animals and have resulted in using fewer paper napkins. These 

two examples and their affects provide us with a fraction of the environmental impacts that virtual 

reality has on the environment 

 

5.4.2 Impact on Society 

Many researchers have been implementing and producing different virtual reality 

experiences that will transform millions of people with psychological and physical medical 

conditions. A huge medical condition that virtual experiences have already affected is dementia. 

Dementia is a chronic disorder of the mental processes caused by brain disease or injury and 

Figure 5. 4 Haptic feedback nodes [2] 
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marked by memory disorders, personality changes, and impaired reasoning (Oxford Dictionary). 

Virtual reality studies are emerging on finding a cure for dementia which will impact around 50 

million people around the world that suffer from this medical condition and could increase to 130 

million people by 2050 UK researchers say. Virtual reality is also now being used for training in 

Medicine School’s for different kinds of operations, where the user will use virtual reality to 

operate “realistically” on a virtual patient. This provides a lot of students studying med-school 

with a firsthand experience with performing surgeries and will prevent mistakes from occurring 

on patients in the future. Other medical conditions that virtual reality has contributed to include: 

autism, pain management and cognitive rehabilitation. This serves to prove the virtual future and 

its impacts on society’s health. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

5.5 Survey Results 
 

We conducted a survey in phase one in order to see what people expect of our project. It 

can be seen in Fig to Fig that our questions were designed in a way which could help us decide 

on future plans, and to have a platform for comparing how efficient our project is.  

• For the first question the results for the age groups were: 

✓ 12-19: 21% 

✓ 20-29: 77% 

✓ 30-39: 2% 

 

Figure 5. 5 Images of different ages using VR 
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• For the second question the results were: 

✓ On my PC: 17.7% 

✓ Cell phone: 39.3% 

✓ PS/Xbox/Nintendo…etc: 21.21% 

✓ Users who don’t play: 22.2% 

 

 

 

 

 

 

 

 

 

 

 

 

• For the third question the results were: 

✓ Yes: 33% 

✓ No: 67% 

Figure 5. 6 Age of Survey Takers 

Figure 5. 7 Where do survey takers play their video games 
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• For the fourth question the results were: 

✓ Not possible: 3% 

✓ Very cool: 64% 

✓ Not into gaming: 14% 

✓ Major scientific development: 19% 

 
 

 

 

Figure 5. 8 Results of survey takers who did/didn't use gaming glasses before 

Figure 5. 9 Opinion on our project objective 
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• For the fifth question the results were: 

✓ Yes: 92% 

✓ No: 8% 

 

The survey was divided into two sections; the first section was about the background of 

the people surveyed, this is displayed in Fig. As for the second section that is shown in Fig , it 

focuses on the main aspect of the project. While sending out the survey we added a small simple 

paragraph for the participants to understand more about VGRIP. 

 From our survey, it’s clear that out of a 100%, 92% are interested in trying on the gloves 

even if they don’t identify themselves as gamers. Explaining the ethical responsibility and 

evaluating all aspects of it to the minor details is what this chapter is all about. With the use of the 

survey, we confirm that young adults-adults are the right audience for our project as they will be 

fully aware of the safety precautions and will be able to manipulate all the positive attributes this 

project can offer. Whilst getting an 83% approval of the general idea of our project and a 92% 

interest rate this concludes that our project could appeal to both gamers and non-gamers. Out of a 

100%, 64% thought the idea was really cool which contributes to a strong motive within engineers 

like us to create, and possibly pursue an idea that’s already wanted by the community 

The results of the survey were a good estimate to conclude that the idea of our project 

would be beneficial and successful. This is because, many people agreed that it is beneficial, it 

would make gaming more realistic and, in the future, it may also work with medical students. 

 

Figure 5. 10 If interested in trying a concept like ours 
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5.6 Conclusion 
 

This chapter included the evaluation of the applicability of this project in our environment. 

The evaluation verified the viability and possibility of the project’s impact, after analyzing 

different associations and receiving feedback from the survey. Moreover, the target market and the 

ethical aspects were considered in this chapter. As we are done with the evaluation, after finishing 

most of our testing and prototyping, the next chapter will include a summary and conclusion of 

what was done.   
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Chapter 6 
Conclusion 
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CHAPTER 6: CONCLUSION AND FUTURE WORK 

This chapter summarizes the main aspects of our project. Therefore, concluding our report 

by recapping what features are implemented until this stage. Section 6.1 discusses the objectives 

achieved by the VR gloves, and in Section 6.2 future work is proposed to enhance the functionality 

of the project, and in Section 6.3 the accomplishments of previous chapters are summarized. 

 

6.1 Objectives Achieved 

We sat objectives in chapter 1, and our team has worked hard in order to achieve and to 

complete all these goals and objectives in this semester. Surely, reaching this point and getting 

things done as they are now was not an easy task. We have faced a lot of obstacles and unexpected 

problems, which lead to some time loss. However, with the excessive research and with the amount 

of work that was put into the project, things started to flow more smoothly. Solutions were easier 

to generate, but the decisions were not that easy to make. For example, the decision to add the leap 

motion sensor took us a long time since none of the projects in the literature survey have used it. 

The following chart shows you what was done with the time duration of each task. 

6.2 Future Work 

For the future, more components might be added to the project in order to implement more 

features commonly used in peoples' daily lives. Moreover, some of the components might be 

replaced with other components in order to make the product more affordable. 

• Haptic Feedback 

Haptic feedback is an advanced virtual experience which give a touch of realism. It allows 

the user to sense the rain drops while falling on their hand in the virtual environment. 

Haptic feedback can be used in many applications not only a glove.  

• Stronger Magnets  

Magnets with higher volt which require the use of external power source along with relays 

or transistors. The electromagnets used for the project are not that strong but is the safest 

option currently. A stronger magnet is needed in order to exactly stop the hand from 

moving the desired amount of time and release it as well. 

• Using wearable microcontroller instead of regular ones 
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Wearable microcontrollers are mostly used in a fashionable way to look fancy. They are 

aligned with a good number of characteristics looking to its tiny sizes. The tiny size of a 

wearable microcontroller refers to the naming, in order to be worn. The implementation of 

them is more challenging since the output less voltage. 

• Interfacing the glove with other engines such as Unreal Engine 

Since not everyone is familiarized with Unity, it has its audience and Unreal engine too. 

Expanding the experience to more gamers, and VR environment users. 

The team is looking forward to enhance the product and ambitious into getting it in the gaming 

field market.  

6.3 Conclusion 

This report discussed the project in detail beginning with the first chapter, which introduced 

the VR glove to the readers; it provided a detailed introduction in order to get the readers familiar 

with the technologies we are using. This chapter has clearly defined the problem and its impact on 

the niche we are targeting. Moreover, the chapter discussed the solution we chose, the objectives, 

the goals of our project and the SWOT analysis that was done for the team and for the project in 

order to see which areas needed improvement.  

The second chapter covered the literature review, which discussed projects that are similar 

in depth, and with its advantage and disadvantage of each separately. Following that, chapter three 

focused on the entire design of the system. It consisted of multiple sections that targeted the design 

itself, the architecture, the alternatives, the components being used, as well as the budget. Chapter 

four discussed the implementation of the prototype design. It has also explained the testing 

processes that we followed to ensure that one finger of the glove is functioning properly. 

Furthermore, it mentioned all the difficulties faced during the current phase.  

Chapter five focused on the effects the project has on society and its members’ social lives; 

as well as ethical and economical aspects. Finally, we discussed future-plans and provided a graph 

showing our courses of action and their timings for this semester. 
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APPENDIX A 

const int flexMain = A0; 

const int flexSecondary = A1; 

int valueMain, valueSecondary; 

bool debug; 

void setup() { 

  Serial.begin(9600); 

  debug = false; 

} 

 

void loop() { 

  valueMain = map(analogRead(flexMain), 833, 740, 0, 90);  

  valueSecondary = map(analogRead(flexSecondary), 833, 740, 0, 90);  

  Serial.println(String(valueMain)+","+String(valueSecondary)); 

   

  if(debug){ 

    delay(500); 

    Serial.write(27);       // ESC command 

    Serial.print("[2J");    // clear screen command 

    Serial.write(27); 

    Serial.print("[H");     // cursor to home command 

  } 

} 
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APPENDIX B 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class Movement : MonoBehaviour 

{ 

 

 float rotation; 

 float rotation2; 

 // Start is called before the first frame update 

 

 [SerializeField] GameObject indexFinger; 

 [SerializeField] GameObject indexFinger2; 

 

 Transform transformIndex; 

 Transform transformIndex2; 

 

 float calculateRotation; 

 

 float lastRotationIndex; 

 float lastRotationIndex2; 

 

 float currentIndexRotation; 

 float currentIndex2Rotation; 

 

 void Start() 

 { 

  transformIndex = indexFinger.GetComponent<Transform>(); 

  transformIndex2 = indexFinger2.GetComponent<Transform>(); 
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  lastRotationIndex = 0; 

  lastRotationIndex2 = 0; 

 } 

 

 // Update is called once per frame 

 void Update() 

 { 

 

 } 

 

 

 void OnMessageArrived(string msg) 

 { 

  string[] vals = msg.Split(','); 

  rotation = int.Parse(vals[0]); 

  rotation2 = int.Parse(vals[1]); 

 

  rotateIndex(); 

  rotateIndex2(); 

 } 

 

 public void rotateIndex() 

 { 

  calculateRotation = 30 + rotation; 

  currentIndexRotation = calculateRotation - 

lastRotationIndex; 

 

 

  transformIndex.Rotate(0, 0, -currentIndexRotation); 

  lastRotationIndex = calculateRotation; 
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 } 

 

 

 public void rotateIndex2() 

 { 

  calculateRotation = 30 + rotation2; 

  currentIndex2Rotation = calculateRotation - 

lastRotationIndex2; 

 

 

  transformIndex2.Rotate(0, 0, -currentIndex2Rotation); 

  lastRotationIndex2 = calculateRotation; 

 } 

} 
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APPENDIX C - Arduino 

 

int pins[] = {2, 3, 4, 5, 6, 7, 8, 9, 10, 11}; 

String data; 

 

void setup() { 

  for(int i = 0; i < sizeof(pins); i++){ 

    pinMode(pins[i], OUTPUT); 

    digitalWrite(pins[i], LOW); 

  } 

  Serial.begin(9600); 

} 

 

void loop() { 

  if (Serial.available() > 0) { 

    data = Serial.readString(); 

    for(int i = 0; i < data.length(); i+=2){ 

      if(data.charAt(i+1) == 'l'){ 

        digitalWrite(data.charAt(i)-'0', HIGH); 

      } else { 

        digitalWrite(data.charAt(i)-'0', LOW); 

      } 

    } 

  } 

} 
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APPENDIX D - Unity 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class col : MonoBehaviour 

{ 

    private SerialController s; 

 

 

    // Start is called before the first frame update 

    void Start() 

    { 

       s =  GameObject.Find("SerialController").GetComponent<SerialController>(); 

    } 

 

  

    // Update is called once per frame 

    void Update() 

    { 

         

    } 

 

    private void OnCollisionEnter(Collision collision) 

    { 

        Debug.Log("LT"); 

        s.SendSerialMessage("LT"); 

    } 
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} 

 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class move : MonoBehaviour 

{ 

    public int Speedr = 50; 

    public int Speedm = 5; 

    

    private float inputX; 

    private float inputZ; 

 

    void Update() 

    { 

        if(Input.GetKey(KeyCode.D)) 

        { 

            inputX = Input.GetAxis("Horizontal")+Speedr; 

            rotate(); 

        } 

        else if (Input.GetKey(KeyCode.A)) 

        { 

            inputX = Input.GetAxis("Horizontal") - Speedr; 

            rotate(); 

        } 

        else if (Input.GetKey(KeyCode.W)) 

        { 

            inputZ = Input.GetAxis("Vertical") + Speedm; 

            moves(); 
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        } 

        else if (Input.GetKey(KeyCode.S)) 

        { 

            inputZ = Input.GetAxis("Vertical") - Speedm; 

            moves(); 

        } 

         

 

        //if (inputX != 0) 

        //    rotate(); 

        //if (inputZ != 0) 

        //    moves(); 

    } 

 

    void rotate() 

    { 

        transform.Rotate(new Vector3(0f, inputX * Time.deltaTime, 0f)); 

    } 

 

    void moves() 

    { 

        transform.position += transform.forward * inputZ * Time.deltaTime; 

    } 

} 

 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class FingerLogger : MonoBehaviour 
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{ 

 // Start is called before the first frame update 

 public string code; 

 

    void Start() 

    { 

         

    } 

 

    // Update is called once per frame 

    void Update() 

    { 

         

    } 

 

    private void OnCollisionEnter(Collision collision) 

    { 

        Debug.Log(code); 

 

    } 

 

} 

 

 

/** 

 * Ardity (Serial Communication for Arduino + Unity) 

 * Author: Daniel Wilches <dwilches@gmail.com> 

 * 

 * This work is released under the Creative Commons Attributions license. 

 * https://creativecommons.org/licenses/by/2.0/ 

 */ 
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using UnityEngine; 

using System.Threading; 

 

/** 

 * This class allows a Unity program to continually check for messages from a 

 * serial device. 

 * 

 * It creates a Thread that communicates with the serial port and continually 

 * polls the messages on the wire. 

 * That Thread puts all the messages inside a Queue, and this SerialController 

 * class polls that queue by means of invoking SerialThread.GetSerialMessage(). 

 * 

 * The serial device must send its messages separated by a newline character. 

 * Neither the SerialController nor the SerialThread perform any validation 

 * on the integrity of the message. It's up to the one that makes sense of the 

 * data. 

 */ 

public class SerialController : MonoBehaviour 

{ 

    [Tooltip("Port name with which the SerialPort object will be created.")] 

    public string portName = "COM3"; 

 

    [Tooltip("Baud rate that the serial device is using to transmit data.")] 

    public int baudRate = 9600; 

 

    [Tooltip("Reference to an scene object that will receive the events of connection, " + 

             "disconnection and the messages from the serial device.")] 

    public GameObject messageListener; 

 

    [Tooltip("After an error in the serial communication, or an unsuccessful " + 
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             "connect, how many milliseconds we should wait.")] 

    public int reconnectionDelay = 1000; 

 

    [Tooltip("Maximum number of unread data messages in the queue. " + 

             "New messages will be discarded.")] 

    public int maxUnreadMessages = 1; 

 

    // Constants used to mark the start and end of a connection. There is no 

    // way you can generate clashing messages from your serial device, as I 

    // compare the references of these strings, no their contents. So if you 

    // send these same strings from the serial device, upon reconstruction they 

    // will have different reference ids. 

    public const string SERIAL_DEVICE_CONNECTED = "__Connected__"; 

    public const string SERIAL_DEVICE_DISCONNECTED = "__Disconnected__"; 

 

    // Internal reference to the Thread and the object that runs in it. 

    protected Thread thread; 

    protected SerialThreadLines serialThread; 

 

 

    // ------------------------------------------------------------------------ 

    // Invoked whenever the SerialController gameobject is activated. 

    // It creates a new thread that tries to connect to the serial device 

    // and start reading from it. 

    // ------------------------------------------------------------------------ 

    void OnEnable() 

    { 

        serialThread = new SerialThreadLines(portName,  

                                             baudRate,  

                                             reconnectionDelay, 

                                             maxUnreadMessages); 
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        thread = new Thread(new ThreadStart(serialThread.RunForever)); 

        thread.Start(); 

    } 

 

    // ------------------------------------------------------------------------ 

    // Invoked whenever the SerialController gameobject is deactivated. 

    // It stops and destroys the thread that was reading from the serial device. 

    // ------------------------------------------------------------------------ 

    void OnDisable() 

    { 

        // If there is a user-defined tear-down function, execute it before 

        // closing the underlying COM port. 

        if (userDefinedTearDownFunction != null) 

            userDefinedTearDownFunction(); 

 

        // The serialThread reference should never be null at this point, 

        // unless an Exception happened in the OnEnable(), in which case I've 

        // no idea what face Unity will make. 

        if (serialThread != null) 

        { 

            serialThread.RequestStop(); 

            serialThread = null; 

        } 

 

        // This reference shouldn't be null at this point anyway. 

        if (thread != null) 

        { 

            thread.Join(); 

            thread = null; 

        } 

    } 
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    // ------------------------------------------------------------------------ 

    // Polls messages from the queue that the SerialThread object keeps. Once a 

    // message has been polled it is removed from the queue. There are some 

    // special messages that mark the start/end of the communication with the 

    // device. 

    // ------------------------------------------------------------------------ 

    void Update() 

    { 

        // If the user prefers to poll the messages instead of receiving them 

        // via SendMessage, then the message listener should be null. 

        if (messageListener == null) 

            return; 

 

        // Read the next message from the queue 

        string message = (string)serialThread.ReadMessage(); 

        if (message == null) 

            return; 

 

        // Check if the message is plain data or a connect/disconnect event. 

        //if (ReferenceEquals(message, SERIAL_DEVICE_CONNECTED)) 

           // messageListener.SendMessage("OnConnectionEvent", true); 

       // else if (ReferenceEquals(message, SERIAL_DEVICE_DISCONNECTED)) 

           // messageListener.SendMessage("OnConnectionEvent", false); 

        //else 

            //messageListener.SendMessage("OnMessageArrived", message); 

    } 

 

    // ------------------------------------------------------------------------ 

    // Returns a new unread message from the serial device. You only need to 

    // call this if you don't provide a message listener. 
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    // ------------------------------------------------------------------------ 

    public string ReadSerialMessage() 

    { 

        // Read the next message from the queue 

        return (string)serialThread.ReadMessage(); 

    } 

 

    // ------------------------------------------------------------------------ 

    // Puts a message in the outgoing queue. The thread object will send the 

    // message to the serial device when it considers it's appropriate. 

    // ------------------------------------------------------------------------ 

    public void SendSerialMessage(string message) 

    { 

        serialThread.SendMessage(message); 

    } 

 

    // ------------------------------------------------------------------------ 

    // Executes a user-defined function before Unity closes the COM port, so 

    // the user can send some tear-down message to the hardware reliably. 

    // ------------------------------------------------------------------------ 

    public delegate void TearDownFunction(); 

    private TearDownFunction userDefinedTearDownFunction; 

    public void SetTearDownFunction(TearDownFunction userFunction) 

    { 

        this.userDefinedTearDownFunction = userFunction; 

    } 

 

} 
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APPENDIX E - Survey 

 


