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[bookmark: _Toc69925928]Introduction
Yokogawa RAP are a software company dedicated to providing applications to assist in the safe working of many workplaces, predominantly heavy industries such as the petrochemical industry.
The core product the company provides is its RAP-PTW system; a Permit To Work system that facilitates for planning and execution of on-site work to be carried out safely. The PTW system allows for work to be properly risk assessed, enforcement of appropriate authorisations via its user competency system and provision of printable permit documentation.
Due to the hazardous nature of the industries that predominantly use the PTW system it is often the case that the environment is not suitable to usage of tablets or phones as carrying these would subject the holder to extra risk by occupying their hands. Realwear provide a hands-free solution to this in the form of a wearable, helmet mounted, android tablet. 
[image: HMT-1 (Workband Mount Included) – RealWear]
Figure 1. Realwear HMT-1
This hardware is controlled via voice commands, therefore allowing for operations to be carried out whilst keeping hands free. 
This aim of project is a case study investigating the usage of smart apparel in hazardous environments.
Objectives:
· Investigate the usage of smart apparel in PTW and systems and to develop a set of formal requirements for the case study.
· Evaluate the effectiveness of the Realwear hardware solution through integration of the technology with the existing RapCore PTW application.
· Analyse the Realwear integration prototype to determine whether the formal requirements have been met effectively




[bookmark: _Toc69925929]Literature Review
Yokogawa RAP as a company provide electronic safety software with the primary product being its PTW system used to control on-site work and the risks/hazards posed by it. 
As Edward Hodson of the Royal Society for the Prevention of Accidents (1) stated in 2009 “A PTW system can be looked at as simply a way of meeting the requirements of the Health and Safety at Work etc 1974 (HSWA) which places duties on employers to provide a safe system of work”. 
However there have been numerous incidents in the past whereby PTW’s used were not adequate for the task at hand; an example of this can be seen in the case study by Nigel Cann (2) where the permit had the permit had been poorly prepared and there was a lack of communication of the details and changes to work being undertaken, which unfortunately led to a gas release and explosion.
This highlights the importance of a well prepared PTW, ensuring that all involved parties are aware of the work undertaken and the risks involved, as well as the need to communicate changes to the permit to all parties. 

The prototype to be developed for the application may need to be built using android native code, however the existing mobile app has been developed using flutter. Flutter, Google’s recent mobile UI toolkit, was introduced at the end of 2018 and has a number of upsides such as being cross platform, quick and potentially quicker to develop thanks to Stateful Hot Reload. Williams (3) of Electronics Weekly suggests that the presence of Flutter in general mobile app development will rise throughout 2020.  
Flutter applications are coded using the Google’s Dart language that was developed to be a class-based, type sound system that runs approximately two times faster than javascript. Dart itself is not actually type sound, however as Erik Ernst et al claim (4) it “strikes an interesting new balance, with a type system far less restrictive than required for traditional soundness”. The static type checker can miss certain type related errors which can appear at runtime; “message-not-understood” and “subtype-violation” errors. Through usage of their calculus, named Fletch, they proceeded to prove that Dart is what they termed a “message-safe” program that never encounters a message-not-understood error – leaving subtype-violation errors as the only typing error that can arise from such a program. Therefore we can come to the conclusion that; whilst Dart as a language is not immune to the issues that plague other weakly typed languages such as javascript, it can at least limit the issues that can arise from weak typing.

In recent years there has been increased interest in exploring the potential posed by wearable technology. In 2012 the Google Glass was introduced to the public however was met with numerous issues and was finally abandoned three years later. Zuraikat (5) suggests that one of the major issues with Google Glass was the lack of an organization goal regarding the technology. This suggestion indicates that whilst the concept of the Google Glass was one with promise, there was no clear application for the technology.
Steve Aukstakalnis (6) also posits that the key challenge facing hardware and software manufacturers are the questions of what is the specific intended use of the technology. He outlines a number of other augmenting displays that are available on the market, both binocular and monocular.
In this situation, the application is clear and is the motivation driving the project, as such its important to identify technology that clearly aligns with the goals of the project.
In a Harvard Business Review article (7), Magid Abraham et al discussed the impact that wearable augmented reality (AR) devices have had in recent years alongside the potential the technology provides. The article claims that a number of firms are reporting that incorporating AR technology in some tasks has yielded an average productivity improvement of 32%. 
With AR technology, the user is able to be delivered information whilst their hands are kept free; yielding both safety and productivity benefits.

Realwear aims to provide solutions using very similar wearable technologies to the Google Glass, however Realwear has a clear application in mind; supporting heavy industries. The Realwear hardware is built to be usable in these industries with it being ruggedised and having an intrinsically safe option available. PC Business Products (8) reported on StateGrid’s implementation of Realwear quoting State Grid’s reasoning for choosing RealWear as being “for its unique purpose-built, safety-conscious form factor, including a 100% hands-free user experience”.
Travis Hessman of New Equipment Digest (9) also believes that RealWear may have found the correct formfactor and interface that actually fits the needs of the market, as reinforced by the implementations and sales of the HMT-1.
Therefore it is clear to see that RealWear is not only designed to support the needs of the project, but has also been marketed toward, and adopted by some of, the same target market as Yokogawa RAP’s solutions.
Whilst the RealWear devices have been developed with the clear intention of being utilised in hazardous areas, and with a focus on being easy to use for any with familiarity with android tablets/phones, there will remain a question of just how usable would a solution provided by it be.
Questions such as this will remain relevant for many years as is evidenced by recent research related to usability problems for smart TV among elderly Chinese users undertaken by Jinhua Dou et al (10). This research found that the pinyin input mode, whilst a standard for smart tv’s, was a great inconvenience to its users. More relevant to this project however, the study found that the best user experience was a voice driven one due to the simplicity of voice searching on smart tv’s. The users did however encounter issues with low recognition due to user accents and background noise.
This reinforces the importance of testing the voice recognition layer provided by RealWear; Realwear claim (11) that the HMT-1 (and HMT-1Z1) models respond to voice commands with 98% accuracy in ambient noise of up to 95dB. 
Realwear provide language support for 12 languages; English, Chinese, French, German, Italian, Spanish, Portuguese, Russian, Japanese, Korean, Polish and Thai. This is a wide spread of languages and will support the majority of existing and prospective clients due to current business focus on the European and Asian regions.

One of the primary features that is desired from the prototype is the usage of the devices GPS to provide information that is geographically relevant to the user such as permits and work in the nearby area. A concern for this is the accuracy of GPS of mobile devices, especially within heavy industrial areas. Merry et al (12) performed a study into the accuracy of GPS that suggests the horizontal position error within an urban area was between 7-13m. Whilst this study was performed with the iPhone 6 only and only in an urban environment rather than an industrial one; however it still serves as a fair indication of the accuracy we can expect from GPS positioning. Whilst 7-13m is not a small margin of error, it may fall within the tolerance of the needs of the application.
This margin of error of course has a direct effect on the usability of the application in that some of the proposed features use device location to drive the data presented to the user; if the margin of error is too large then the application ceases to perform in a way that is usable. 
A countermeasure to the lack of accuracy in GPS would be to investigate methods of establishing a user’s position using other technologies such as Bluetooth. Such a method would ideally be avoided due to the requirement of additional hardware to be installed on client sites which is not in keeping with an “out of the box” solution.
One example of such a system is the GlassPhysicalWeb project initiated in the University of South Wales Trinity Saint David  (13). This project used low energy Bluetooth beacons in different areas that broadcast a URL using the Eddystone protocol. Users devices would connect to the URL in question, however the URL broadcast by each device is set up to be different so that a user will be directed to different resources based on which beacon is closest.
In order to properly test and demonstrate the geospatial features of the project it is important that the application has methods to mock the devices location – fortunately Google provided this functionality as a developer feature in android. The android developer documentation shows that to enable this feature you must enable the ACCESS_MOCK_LOCATION permission in the applications manifest; then it will be possible to set mock locations programmatically within the application. This will allow for a predefined set of locations to be provided to the application; these locations will be geospatial positions on the RapCore demo systems map – allowing for the devices mock location to be related to data already in the web system.
One of the primary methods of measuring the usability of an application is through usage of the System Usability Scale (SUS) that was developed by John Brooke. Despite the SUS being developed as a “quick and dirty” method of measuring the usability of a system, as Jeff Sauro (14) points out; there is a lot of evidence to support the usage of SUS and has been widely adopted, in part due to its versatility. 
It is also important to bear in mind the entire user experience rather than just usability – whilst usability is a big factor in the user experience, it is important to note that there are hedonic and pragmatic factors that play into how positive (or negative) a user experience is. As Jim Lewis (15) points out however, the measurement of such factors is relatively new, arising through the 2000s, and lacks the research and adoption of older methods such as SUS.
Once such measurement for hedonic and pragmatic qualities is the User Experience Questionnaire (UEQ) which aims to measure the perspicuity, efficiency, dependability, novelty and stimulation of a given application. According to Jim Lewis (15) UEQ has the advantage over other techniques used to measure hedonic and pragmatic qualities as it does not “lack norms for interpreting scores” whereas other methods do not have such norms; leaving the results far more open to interpretation.

Once the prototype has been created, it will be presented to a variety of test users who will then be presented with a System Usability Scale (SUS) questionnaire as well as a User Experience Questionnaire (UEQ) in a bid to acquire quantitative date that can provide some insight into the overall experience for users of the system with the aim of meeting acceptable ratings as detailed below.
The SUS questionnaire is made up of 10 standard questions:
1. I think that I would like to use this system frequently.
2. I found the system unnecessarily complex.
3. I thought the system was easy to use.
4. I think that I would need the support of a technical person to be able to use this system.
5. I found the various functions in this system were well integrated.
6. I thought there was too much inconsistency in this system.
7. I would imagine that most people would learn to use this system very quickly.
8. I found the system very cumbersome to use.
9. I felt very confident using the system.
10. I needed to learn a lot of things before I could get going with this system.
With the answer being 1 (strongly disagree) to 5 (strongly agree).
· For odd items: subtract one from the user response.
· For even-numbered items: subtract the user responses from 5
· This scales all values from 0 to 4 (with four being the most positive response).
· Add up the converted responses for each user and multiply that total by 2.5. This converts the range of possible values from 0 to 100 instead of from 0 to 40.
The Sauro/Lewis Curved Grading Scale devised by Sauro and Lewis (16) is a widely accepted grading scale for SUS scores.
	SUS Score Range
	Grade
	Percentile Range

	84.1–100
	A+
	96–100

	80.8–84.0
	A
	90–95

	78.9–80.7
	A–
	85–89

	77.2–78.8
	B+
	80–84

	74.1–77.1
	B
	70–79

	72.6–74.0
	B–
	65–69

	71.1–72.5
	C+
	60–64

	65.0–71.0
	C
	41–59

	62.7–64.9
	C–
	35–40

	51.7–62.6
	D
	15–34

	0.0–51.6
	F
	0–14


Figure 2. Sauro/Lewis Curved Grading Scale (16)
In accordance with the empirical evaluation of SUS carried out by Aaron Bangor et al (17) the target SUS score used should be above 70 even though scores of above 50 are likely “acceptable”. Scores below a SUS score of 50 are unacceptable and will lead to a very high chance of users encountering usability issues. 
As with most empirical data, larger sample sizes lead to more reliable results; however SUS have been found to be very reliable with even small sample sizes.  Orfanou et al (18) found that a SUS sample size of 6 to 14 participants was sufficient to provide reliable results to form a conclusion. They also found that gender and age did not strongly influence SUS scores provided by participants.

The UEQ is also a standardised questionnaire and one that is not only widely adopted; but one that has annual updates to benchmark data so that the benchmarks do not become outdated and irrelevant. 
The questionnaire is a series of scales that a user is asked to evaluate the system against. The scales that will be used, scored 1 – 7, are as follows:
	
	1
	2
	3
	4
	5
	6
	7
	

	Annoying
	
	
	
	
	
	
	
	Enjoyable

	Not Understandable
	
	
	
	
	
	
	
	Understandable

	Creative
	
	
	
	
	
	
	
	Dull

	Easy to Learn
	
	
	
	
	
	
	
	Difficult to Learn

	Valuable
	
	
	
	
	
	
	
	Inferior

	Boring
	
	
	
	
	
	
	
	Exciting

	Not Interesting
	
	
	
	
	
	
	
	Interesting

	Unpredictable
	
	
	
	
	
	
	
	Predictable

	Fast
	
	
	
	
	
	
	
	Slow

	Inventive
	
	
	
	
	
	
	
	Conventional

	Obstructive
	
	
	
	
	
	
	
	Supportive

	Good
	
	
	
	
	
	
	
	Bad

	Complicated
	
	
	
	
	
	
	
	Easy

	Unlikable
	
	
	
	
	
	
	
	Pleasing

	Usual
	
	
	
	
	
	
	
	Leading Edge

	Unpleasant
	
	
	
	
	
	
	
	Pleasant

	Secure
	
	
	
	
	
	
	
	Not Secure

	Motivating
	
	
	
	
	
	
	
	Demotivating

	Meets Expectations
	
	
	
	
	
	
	
	Does Not Meet Expectations

	Inefficient
	
	
	
	
	
	
	
	Efficient

	Clear
	
	
	
	
	
	
	
	Confusing

	Impractical
	
	
	
	
	
	
	
	Practical

	Organized
	
	
	
	
	
	
	
	Cluttered

	Attractive
	
	
	
	
	
	
	
	Unattractive

	Friendly
	
	
	
	
	
	
	
	Unfriendly

	Conservative
	
	
	
	
	
	
	
	Innovative


Figure 3. UEQ questionnaire matrix
The target of the prototype is for the mean results for each of the measured scales to be at least “above average” when using the benchmarks provided by UEQ’s data analysis tools.

Figure 4. Graph display of UEQ benchmarks
This graph is a visual indicator of the current benchmarks according to UEQ (as of February 2021). Once the questionnaires have been undertaken, the data analysis tools allow for the participant answers to be input to a data table which will allow for the generation of useful data such as readouts of the distribution of answers per item and of course a comparison of the mean results of each scale compared to the benchmark.
A further concern for the project is that of the potential negative effects on spatial awareness and depth perception whilst using a monocular augmented reality device. Dean Melmoth et al (19) found that participants exhibited similar early movement phases when limited to a monocular view as compared to regular binocular view. The results of the study do however strongly suggest that the participants struggled far more in the later phases of movements when using monocular vision. This suggests that whilst users limited to monocular vision are able to gauge positioning of their surroundings, they seem to struggle with depth perception to some extent. There is quite a number of similar studies that suggest the same findings, one such recent study by Woong Choi et al (20) found that tracking circular movements in the frontal plane led to lower temporal and spatial errors than tracking circular movements in the sagittal plane. Woong Choi et al posit that the lack of depth information caused by monocular vision is what causes users tracking of movement in the sagittal plane to be less accurate.
With such studies demonstrating that there is a measurable impact on spatial awareness of participants utilising monocular vision rather than binocular vision; it would be negligent if consideration was not put in to ensuring that wearing the hardware would not impede the users ability to work safely.
As such, we will perform an additional test with the users who will be undertaking the survey; they will be asked to perform a series of simple tasks and these tasks will be observed and timed. The tasks will be as follows:
· Writing the participants name on a piece of paper.
· Picking up a glass of water and drinking.
· Standing from a seated position to walk to the light switch and turn it on.
By undertaking these tasks both with and without the hardware, it will be possible to judge whether the users are significantly inconvenienced by it. If there are any concerns performing these tasks; the viability of the hardware assisting in maintaining health and safety is slim.

[bookmark: _Toc69925930]Research Methodology
There are three major research types that projects fall into:
Exploratory research; whereby work is undertaken to gather data in order to investigate a problem. Exploratory research is often work that is carried out to discover information about problems that may not be well defined or there is not yet a definitive outcome needed. Exploratory research is often used to later enable more in-depth research.
Descriptive research; whereby work focuses on better understanding a specific problem or phenomenon. A prime example of this type of research is a case study; where the research aims to assess the exact details of the study’s focus rather than attempting to discern why the situation occurred. 
Explanatory research; whereby the work focuses on dissecting a specific problem presented, often to establish a relationship of cause and effect. Such work often entails experiments as they endeavour to answer the questions of why certain phenomenon occur.
Of the three major research types, this project falls firmly into that of exploratory research. Whilst a number of minimum requirements have been produced for the prototype to be developed to meet, simply meeting these requirements does not necessarily mean a usable product. The primary aim of this project is to investigate if smart apparel can be integrated into the RAP Core system in a way that is user friendly; this prototype serves as exploratory research towards that goal. Provided this research yields positive results, further research and iterations would need to be carried out in order to provide an adequate, user friendly solution that does in fact help in the endeavour of keeping workers safe.
Whilst a user’s experience and opinion of using applications are subjective, through employment of the SUS and UEQ; clear efforts are being made to gather primary data that is both informative and measurable. Both questionnaires operate on the principle of allowing quantitative results to be derived from subject matter that should be inherently qualitative.
This primary data will form the primary basis for determining the usability of the application; the sample for the data gathering, whilst limited, is one that contains a number of individuals with vast experience in the safety and technology sectors.
This experience means that the results returned from the questionnaires may not be representative of all users; all results will be taken from individuals with prior experiences with RAP applications and work within the company. 
Ideally such questionnaires would be distributed to existing clients who could provide a more valid set of results as this would remove familiarity and reduce the concerns over confirmation bias as the clients would not have been involved in the development of the application in any way.
Unfortunately, the project is an internal prototype to investigate the potential of integrating smart wear with our existing applications, therefore it is not possible to involve any interested external parties until there is evidence to support that the project can be deemed a success.
The main concerns over research tend to be its reliability, validity and generalisability.
By using SUS and UEQ, steps have been taken to improve the reliability of the results gathered as these use standard questions so should not lead to bias. 
The validity of the results is a concern in that whilst there is a level of confidence that the answers provided from the questionnaire are what is desired from them, after all these are standard questionnaires that have seen heavy usage over the years since their inception, the people being questioned may not be the correct people. This concern is allayed somewhat by the fact that the people in question are specialists in health and safety and safety software, so should be able to provide well informed answers.
The generalisability of the results is a major concern however; the sample for the questionnaires are generally tech-savvy individuals and are familiar with other RAP applications. This means that it may not be quite as simple to generalise the data to that of an everyday end user.
[bookmark: _Toc69925931]Development Methodology
For the purpose of this project it has been decided that the most appropriate development methodology to employ is a mixed approach that draws upon various strengths of methodologies to allow for a well fitted methodology for this project.
As this is a solo investigation into the usability and success of a prototype, there will be only one working party involved in the majority of its development. Although there may be need to communicate with others regarding stages of the project, such as the mobile development or RAP Core API teams; such time will be limited and will be irregular.
Due to this it is not feasible to implement the majority of features of agile working such as sprints and scrums; these require a level of teamwork to be available which will not be present for this project.
However due to the rigid nature of iterative processes such as the waterfall method, such an approach is also not available; whilst estimates of timescales can be provided, these must be flexible such as those in agile so that if unforeseen issues mean that the sole developer is unable to meet a deadline, this wont necessarily mean the whole project is delayed.
By utilising a mixed approach, the aim is to provide a number of smaller sections of work that can serve as individual “sprints” in their own manner. These “sprints” should ideally be undertaken and completed one at a time, however; if planned correctly, it could be possible that if an issue arises with one such “sprint”, that sprint can be placed into an “on hold” status whilst other “sprints” are worked on. This means that in an instance whereby communication is required with another party, work on the project need not be suspended entirely before a time when such communications can actually take place.
The project will be undertaken on a branch taken from a recent stable commit of the main knockout branch of the RAPCore solution – this will allow for the work to be undertaken in a way that it can be easily integrated in the long term and allow for the project to be tested in relation to the full system and its features. The source control management system used for the project will remain in line with the company’s standard of using Mercurial hg.
As this project is being undertaken to be part of the RAPCore solution, it is important that it utilises the same technologies that are currently in place for the existing projects. The existing API used for the mobile device has been developed in C# and this project will be adding new endpoints to the existing API. The existing mobile application for RAPCore has been written in Flutter; this project will be attempting to add new pages and functionality to this application and as such will also be written in Flutter.
In regards to any C# API work that is to be undertaken as part of the project, visual studio will be used due to it not only being the company standard application for such work, but also due to the comprehensive nature of the application and the features it provides to developers such as Intellisense.
The Flutter code will be undertaken using Android studio due to the need to be able to not only produce code, but to test it. Android studio allows for device emulation for debugging software but can also debug using USB connected device; allowing the flutter code to be tested on the physical Realwear device without needing to build and deploy an APK file.
Realwear provide an application that will be used to ease the development and testing of applications for Realwear devices; RWexplorer is an application that allows a screen mirror, and remote control, of a Realwear device connected either by wireless or USB connection. RWexplorer allows for the devices screen to be seen on the connected PC and allows for the user to control the device from the PC and its input devices. This means that rather than using the voice commands to navigate the system, it can instead be mouse driven – making it behave more like the RAPCore application would on a normal device. This allows for faster development and testing when the voice commands are not the subject of tests at hand.
Microsoft Teams and Outlook 365 will be used to communicate with management and other developers as needed. These applications are the companies standardised communication applications and all work related digital communication should be undertaken via these if possible.
[bookmark: _Toc69925932]Implementation / Design
[bookmark: _Toc69925933]Specification
Through discussion with Yokogawa RAP management and the developer of the existing RAPCore mobile application, a number of minimum requirements have been decided in order for this case study to be deemed a success.
The requirements of the prototype will be as follows:
· The application will display geographical contextual information utilising the devices GPS positioning in conjunction with RAPCore’s existing geospatial data.
· The application will also facilitate displaying of live notifications and/or messages from the RAPCore system derived from the notifications system.
· The final requirement of the application is that it must allow for the creation of system notes to store data captured by the device in the form of photographic, video or sound recordings.

To ensure that the above requirements have been adequately met by the prototype, the following user stories have been created and approved by management:
User Story 1
As a shift worker, I want to be able to view active permits in my vicinity whilst moving around plant, so that I can be safer, knowing what work is being carried out nearby

User Story 2
As a team leader, I want to be able to view the details of a given permit in the nearby area, so that I can ensure that myself and others are safer by enforcing the required safety measures for work is in place.

User Story 3
As an engineer, I want to be able to record notes, images and video for my current location, so that I can ensure that I can make others aware of concerns or important information regarding the area.

User Story 4
As an area manager, I want to be able to view any notes, images or videos that have been added for the nearby area, so that I can address issues that need to be addressed to support the running of the plant and safety of employees

User Story 5
As a general user, I want to be able to be able to view notifications that are sent to me, so that I can keep up to date with changes to permits I am working on and messages from other users.

[bookmark: _Toc69925934]Implementation
The prototype was built within a branched version of the existing mobile app, with the intention of utilising components that already existed rather – allowing for an optimal upgrade path in future so that it can be fully integrated into the production version of the application.
The application first needed to be modified so that there was a Boolean preference in the settings tab that would control whether the user would be taken to the standard mobile system or the new “Realwear view”. 
The primary concern facing this project was that of compatibility between Realwear and Flutter; Realwear fully supports native and react, however does not officially support Flutter applications. 
Through testing the existing flutter application on the Realwear device we were able to establish that simple components such as buttons operated fine, however this was not the case for most controls including textboxes.
Fortunately Andre Klaptsov created a Gradle plugin (21) that once implemented would override Flutter’s AccessibilityBridge class to write semantics node values as the content-desc attribute of an element; thereby allowing Realwear to be compatible with Flutter through setting a semantics value for elements to be the desired phrase.
A few points became immediately apparent upon using the system on the Realwear device;
· The original application was developed with a vertical display in mind; Realwear is a horizontal display device, this means that a number of the screens utilise space poorly or lack an appropriate amount of vertical real estate to effectively display the view in an acceptable manner.
· The login screen for the app is not user friendly without access to an onscreen keyboard and is not appropriate for a horizontal layout. The login screen is a feature that is on a shortlist of features to be redeveloped in the future to implement new login methods such as QR codes / NFC cards and a new layout.

In order to obtain the users current location we decided to use the Flutter plugin Geolocator created by baseflow.com (22) which would allow us to get the current location and track location changes by distance. However for the purpose of testing and demonstrating location based features we created a setting to enable location mocking; when this feature is enabled the current location of the user is not obtained from Geolocator but instead from preferences. The preference for the current location will be set to one of 3 locations, stored by longitude and latitude. A navigation link to a new page was added to the realwear main page to allow the user to switch between the 3 predefined locations.
Following is an image of the location map for the test system. There are 3 red circles visible; these circles originate from permits located at their centre and extend 50m from those origins. The longitude and latitude of these permits are what were used to set the 3 test locations.
[image: ]
Figure 5. RAPCore map displaying test data in their plotted positions
Using the circles as guidance we were able to create sample data to demonstrate position based filtering of data; each of the 3 locations includes the following set of data:
· Origin permit
· Nearby permit 1
· Nearby permit 2
· Out of range permit
This can be better seen with an increased level of zoom as is the case in the following image which zooms in on location 1.
[image: ]
Figure 6. RAPCore map displaying the permits in the vicinity of location 1 at a high level of zoom
With this information, we created a new class in the API to house Realwear endpoints and created a new endpoint that would receive the users position in longitude/latitude in order to convert to a geoJSON instance that could be used to compare against the geoJSON data stored for each permit plotted – allowing for only permits within the range of 50m to be returned.
The other requirement for position based data was to be able to access and record nearby notes, images and videos. To do this we added a new “Map Notes” page, which when accessed will show any notes within 50m of the users current location, by stating “show note” and the notes number the note in question will be shown to the user. The user can also state “take a note”, which will take the user to a screen that will allow for text to be added as a text note, “take photo”, which will take the user to the devices camera to take a picture to upload to the server, and “record video” which also takes the user to the devices camera but set to record mode.
The addition of the notification system from RAPcore was one that required implementation in multiple places within the application:
Permit Conversations – when viewing a permit, the user should be able to view the conversations that have the permit as the target. 
User notifications – the user must be able to have a readout of any notifications targeting that users such as being notified about a permit or direct messages.
The permit conversations were added as a list to an alternate page to the permit preview, this way when viewing the permit you can see any conversations regarding it and have the ability to view the conversation to see all messages in the conversation.
The user notifications feature was added as the “Messages” page which was added to the Realwear main page. The realwear main page employs a 10 second interval timer in order to continuously poll the server for a count of unread notifications. If the value returned by the API call is greater than the value in memory (from the last poll or default) then a beep sound is played using the plugin flutter_beep by created by gonoter.com (23). 
The Messages page lists all the unread notifications to the user, detailing the name of the user who the message originated from, the notification number, the date/time of the notification and most importantly the notification itself; which is displayed differently depending on the type of notification as the notifications feature is a large feature with multiple uses where the type can mean different properties are/aren’t used. 
The user can acknowledge a message as read by stating “dismiss message” and the number of the message, this marks the message as read in the API and decrements the unread notification count.

[bookmark: _Toc69925935]Testing
The first tests to be carried out are to verify that the location based data is being returned as expected, as such the  following permits are expected to be found at the given locations:
	Location 1
	Location 2
	Location 3

	Location 1 Origin Permit
	Location 2 Origin Permit
	Location 3 Origin Permit

	Permit Near Location 1 No 1
	Permit Near Location 1 No 1
	Permit Near Location 3 No 1

	Permit Near Location 1 No 2
	Permit Near Location 2 No 2
	Permit Near Location 3 No 2


Figure 7. Table of expected data for the three test locations

	Permit
	Expected
	Present

	Location 1 Origin Permit
	Yes
	Yes

	Permit Near Location 1 No 1
	Yes
	Yes

	Permit Near Location 1 No 2
	Yes
	Yes

	Any Other Permits
	No
	No


[image: ]Location 1 Trial:Figure 8. Application display of data for location 1

Figure 9. Table of expected vs measured data for location 1


	Permit
	Expected
	Present

	Location 2 Origin Permit
	Yes
	Yes

	Permit Near Location 2 No 1
	Yes
	Yes

	Permit Near Location 2 No 2
	Yes
	Yes

	Any Other Permits
	No
	No


[image: ]Location 2 Trial:Figure 10. Application display of data for location 2

[bookmark: _Hlk69763967]Figure 11. Table of expected vs measured data for location 2

	Permit
	Expected
	Present

	Location 3 Origin Permit
	Yes
	Yes

	Permit Near Location 3 No 1
	Yes
	Yes

	Permit Near Location 3 No 2
	Yes
	Yes

	Any Other Permits
	No
	No


[image: ]Location 3 Trial:Figure 12. Application display of data for location 3

Figure 13. Table of expected vs measured data for location 3



From the above tests we are able to establish that the location based filtering is working, however we will further test this by creating map notes in location one and trying to view them in location 2.
[image: ]
Figure 14. Location 1 map notes view after creation of two example notes in the location
By creating two notes in location one, we are able to view them as expected.
[image: ]
Figure 15. Location 2 map notes view without creating any example notes in the location
When accessing the map note feature in location two, the page informs us there are no map notes, demonstrating successfully that the map notes are being filtered by location correctly.

The next major test is to test the use cases provided by the user stories provided earlier.
User Story 1
As a shift worker, I want to be able to view active permits in my vicinity whilst moving around plant, so that I can be safer, knowing what work is being carried out nearby

This user story has been successfully demonstrated and tested by the previous location based tests. The user is presented data within 50 meters of the given current position.
User Story 2
As a team leader, I want to be able to view the details of a given permit in the nearby area, so that I can ensure that myself and others are safer by enforcing the required safety measures for work is in place.

This user story builds upon the previous and to test this we needed to ensure that permits could be accessed from the list provided.
[image: ]
Figure 16. Permit view of Permit accessed from Location 1 permit board
[image: ]
Figure 17. Continued view of the same permit
[image: ]
Figure 18. Conversation view for the same permit
As the images demonstrate, permits from the list are accessible, the permit preview yields the information about the permit in its printable form and the conversations tab shows displays any conversations regarding the permit in question.
User Story 3
As an engineer, I want to be able to record notes, images and video for my current location, so that I can ensure that I can make others aware of concerns or important information regarding the area.
[image: ]
Figure 19. Take note screen
When the user requests to “Take a note” they are taken to the page shown in this image which allows for a text note to be created at the current location; dictation mode can be accessed via the more options Realwear tab.

[image: ]
Figure 20. Realwear device's default camera application after app camera call
When either the “take photo” or “record video” commands are given, the user is taken to the devices camera app in either photo mode or video mode; photo mode can be seen in the image above.

[image: ]
Figure 21. Upload prompt for image taken on device
When a photo or video has been recorded by the camera app the user is prompted to upload the file to the server or to cancel. Once the file has been uploaded the note is officially created and will be returned in future listings. This upload can be seen in the image above.

User Story 4
As an area manager, I want to be able to view any notes, images or videos that have been added for the nearby area, so that I can address issues that need to be addressed to support the running of the plant and safety of employees
[image: ]
Figure 22. Display screen for added map notes
When the map notes screen is accessed, as well as the ability to add new notes, all existing notes within range are returned to the user, this can be seen in the image above which features 3 previously created notes of different types.

[image: ]
Figure 23. Image gallery view for selected map note
When the user uses the command “View note” and the notes number, if the note is an image or video type the content will be downloaded and displayed to the user using the devices gallery. This can be seen used with note 2, an image note, in the picture above and used with note 3, a video note, in the picture below.

[image: ]
Figure 24. Video gallery view for selected map note



User Story 5
As a general user, I want to be able to be able to view notifications that are sent to me, so that I can keep up to date with changes to permits I am working on and messages from other users.

When a user logs into the system they are directed to the Realwear main page which, on the app bar at the top of the page, features an icon display for the messages feature. This messages icon contains the number of “unread” messages for the logged in user, as seen in the image below.
[image: ]
Figure 25. Unread messages icon and counter
When this number changes and is greater than the count previously, including on log-in to the system, the device will emit a beep so that the user is made aware audibly that there are messages to be viewed. 
When the user navigates to the messages page they are presented a view of the messages they have yet to dismiss, this can be seen in the image below. 

[image: ]
Figure 26. Application view of users unread messages
The image below demonstrates that the user is able to dismiss messages with the command “dismiss message” and the messages number that is displayed in brackets.
[image: ]
Figure 27. Unread messages after dismissing one of the messages

[bookmark: _Toc69925936]Conclusions
During this project the existing Flutter mobile application for RAPCore was modified so that it would be usable with Realwear devices.
The three primary objectives of this project have all been met through the implementation of this projects prototype.

· Investigate the usage of smart apparel in PTW and systems and to develop a set of formal requirements for the case study.
Alongside the management team, a set of formal requirements, supported by a series of user stories, was created to form the basis of operations for which the prototype would be developed to enable.
· Evaluate the effectiveness of the Realwear hardware solution through integration of the technology with the existing RapCore PTW application.
The evaluation of the effectiveness was demonstrated through successfully meeting each test case in a manner that was user friendly. This was also verified by management and other developers upon demonstration of the application.

· Analyse the Realwear integration prototype to determine whether the formal requirements have been met effectively
The prototype has been demonstrated to management who have confirmed that the formal requirements of the prototype were met sufficiently. There is further insight and analysis that has been noted and will be discussed in the Further Work section of this report.

Whilst the persisting Covid-19 situation meant that the aim of undertaking usability studies alongside the development of a prototype, that would meet the specification set out by management, was not able to be undertaken; the application was deemed to appear sufficiently intuitive for a prototype by management upon seeing the application demonstrated. 
The prototype was demonstrated in a Microsoft Teams meeting with several members of the management team.
The prototype not only met the requirements set by management, but was met with positive opinions from the management team; suggesting that this particular usage of RAPCore may be one that will be pursued further.
The Development manager officially confirmed that the user stories sufficiently demonstrated that the specification provided by management had been met as of April 19th following the aforementioned demonstration see appendix 1.
[bookmark: _Toc69925937]Further Work
In order for the application to reach a client ready state there are a number of minimum requirements that would need to be addressed and a few features that would be worth investigating.
[bookmark: _Toc69925938]Minimum requirements
· The Realwear device has a horizontal display so before a client ready solution can be made available, the application would need dedicated Realwear pages for all functionality that is to be supported and used on the Realwear device.
· Comprehensive testing of Realwear position data required before the solution can be sold to clients – this will require a test system with data based in the local area that can be used for testing in a full system test plan.
· The prototype forewent a number of performance improvements that would be required in further iterations of the application such as local data caching.
[bookmark: _Toc69925939]Suggestions
· The notifications system in the application currently relied on polling the server every 10 seconds to check for new notifications, this is fine for a prototype but for an application to be delivered to clients its not an optimal solution. The polling should be replaced with a more applicable alternative such as socketing.
· There are a number of useful features that the application could include that take advantage of the wearable nature of the device; this should be further explored so as to provide a more complete solution to clients. An example would be potential inclusion of a Voice Over IP (VOIP) feature to allow members of a working party to communicate, whilst working, using the device rather than requiring a traditional radio for such communications.  



[bookmark: _Toc69925940]Reflection
This project and the circumstances surrounding it have provided quite the unique challenge and led to improvements in the ability to adapt to changing circumstances and unexpected issues.
Originally one of the major goals of this project was to undertake a number of usability tests using a fair sized sample of test users from within the business; due to the Covid-19 situation this goal was not feasible due to the current UK guidelines of working from home if possible and social distancing ruling. This project is heavily reliant on the physical device; whilst an approximation of a usability test could be undertaken through online chat, this would introduce a number of uncontrollable variables that would make the results entirely unreliable such as the fact that test users would have to convey their intentions to the user “driving” the application – introducing potential communication issues and removing some degree of feedback that the test user would have by wearing the device.
Before beginning the project there was a concern raised regarding the potential issues that might arise trying to use a Flutter application with the Realwear device; despite this concern, the business and project decision was to pursue the usage of the existing Flutter application unless the case arose that the device was completely incompatible with the framework. This led to a fairly substantial amount of research into the Flutter framework and the way the Realwear launcher interact; this was quite the learning experience, one that demonstrated the importance of due diligence when researching issues and solutions. 
The experience of presenting the prototype to management reinforced the satisfaction of meeting the requirements set by product owners. The feedback from some members of the management team highlighted the importance of stressing the point that this, and other projects like it, are prototypes and as such are not client ready products.
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Appendix 1. Letter of confirmation of sign off for prototype
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Appendix 2. Source control history for prototype
Lower Border	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	-1	-1	-1	-1	-1	-1	Bad	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	0.7	0.75	0.6	0.78	0.5	0.25	Below Average	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	0.49	0.5	0.44	0.37	0.5	0.5	Above Average	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	0.41	0.52	0.44	0.33	0.35	0.39	Good	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	0.26	0.26	0.4	0.23	0.35	0.47	Excellent	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	0.64	0.47	0.6	0.8	0.8	0.89	Mean	Attractiveness	Perspicuity	Efficiency	Dependability	Stimulation	Novelty	3	3	3	3	3	3	2
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Yokogawa RAP Limited

Urban Village, 220 High Street, Swansea, SA1 1NW

Dear Nick,

| can confirm that the use cases detailed below have been reviewed against the project and all areas meet
the original specification.

User Story Solution Demonstrated
Meets Specification

As a shift worker, | want to be able to view active permits in my vicinity whilst Yes

moving around plant, so that | can be safer, knowing what work is being carried

out nearby

As a team leader, | want to be able to view the details of a given permit in the Yes

nearby area, so that | can ensure that myself and others are safer by enforcing
the required safety measures for work is in place.

As an engineer, | want to be able to record notes, images and video for my Yes
current location, so that | can ensure that | can make others aware of concerns
or important information regarding the area.

As an area manager, | want to be able to view any notes, images or videos that Yes
have been added for the nearby area, so that | can address issues that need to
be addressed to support the running of the plant and safety of employees

As a general user, | want to be able to be able to view notifications that are sent | Yes
to me, so that | can keep up to date with changes to permits | am working on and
messages from other users.

Signature Date

W 19/04/2021

Mike Tozer

Yokogawa RAP Limited VAT No. 647 1254 40
Reg Office: Stuart Road, Manor Park, Runcorn, Cheshire, United Kingdom, WA7 1TR Tel: (44) 1792 341343
Company registered in England and Wales Reg. No 2960461 Fax: (44) 1792 739950

www.yokogawa-rap.com
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