




Abstract:

Over the course of this project, I will be covering the process of researching, planning, designing and creation of an augmented reality, distance retail, jewellery application to enable business growth through the use of smart technology.
The aim is the utilisation of technological advancements, to alter what is thought to be the conventional supply and design process for bespoke jewellery, manufacturing and the digital retail ecommerce presence of the Diamond Centre Wales (DCW) and for that technology to be adopted further into the jewellery industry. This will be in the form of a virtual application and digital toolset to aid in the visualisation, personalisation and unique customisation of one of a kind bespoke jewellery.
This will produce a valuable suite of interconnectable blocks of services which will take DCW beyond the current offerings that are available by market leaders and competitors in the jewellery sector, by giving DCW a state of the art, virtual catalogue for ease of viewing digital jewellery items remotely and rapidly within a 3D environment combined with high resolution images and intuitive interactive controls. 


The Diamond Centre Wales Augmented Reality (AR) design application will facilitate -

· Digital visualisation of jewellery via the use of AR based ring hand placement.
· Unique customisation of virtual jewellery models in a 3d environment 
· Multiple categories of unique jewellery
· Virtual stock system 
· Intuitive artificial intelligence system to enable hand tracking
· Virtual manipulation of 3D objects 


























Acknowledgements:

I would like to thank Graham Howe and Mahesh Kannath (Project Supervisors) for their academic guidance throughout the project, giving me the chance to explore complex theories in a structured manner. Kelvin and Sharon James (Diamond Centre Wales, Directors) for their assistance within all stages of the project and their continual support in my professional development alongside allowing me the opportunity to undertake this MSc. 
I would like to thank both William Warren (CEMET) and the team at Cooply Solutions for their professional input into technical research stages and later feedback of the project. Finally, I would like to thank my family and friends for their input, feedback and support throughout the project. 

Thank you, Diamond Centre Wales, for this opportunity
[image: ]














Declaration Statement:


I certify that this is all my own work and that all other sources of information, data, images etc. have been acknowledged and referenced This work has not been previously accepted in substance for any other degree and is not being concurrently submitted in candidature for any other degree: 



Signed:     [image: ]                         Date:03/01/23






























Contents Page:
Page
List of figures and tables………………………...…………………………………………………………………………………………6

Introduction………………………………………...……………………………………......................................................... 7

1.1- Vision for the project………………………...……………………………………………………………………….………………7 
1.2- Key Objectives………………………………...……………………………………………………………………………………….. 8
1.3- Main Area of Focus………………………………………………………………………………………………………………..…..8
1.4- Innovation…………………………………………………………………………………………………………………….………… 10
1.5- DCW Business Overview……………………………………………………………………………………………………….…. 11
1.6- What is the anticipated financial payback for DCW? ………………………………………………………………..14
1.7- What capabilities will be increased? ………………………………………………………………………………….…… 15
1.8- What is innovative about the project? ……………………………………………………………………………..….... 15
1.9- What knowledge is to be gained and why does the company need it?....................................... 15
1.10- What is the academic challenge of the project?........................................................................ 16


Literature review ……………………………………………………………..…………………………………………………………... 18
2.1- Digital Business and Electronic Commerce……………………………………………………………………………... 18
2.2- Developing products in half time…………………………………………………………………………………..……….. 19
2.3- TensorFlow………….………………………………………………………..………………………………………………………… 20
2.4- Manomotion………….……………………………………………………………………………………………………………….. 20
2.5- MACHINE LEARNING and AUGMENTED REALITY……………………………….………………………………….… 20
2.6- Media pipe………………………………………………………………………………………….………………………………….. 20
2.7- Multi-hand Gesture Recognition Base on OpenCV……………………………….………………………..……….. 21


Main body chapters ………………………………………………………………………………………………………………………..21
3.1- Overview……………………………………………………………………………………………….……………………………….. 21
3.2- Purpose of the app………………………………………………………………………………….………………………….….. 22
3.3- Commercial………………………………………………..…………………………………………………………………………… 23
3.4- Technical…………………………………………………………………………………….………………………………………….. 23
3.5- Challenges include…………………………………………………………………………………………………..……………… 24
3.6- The target markets…………….………………………………………….……………………………………………………….. 24
3.7- Their relative size or value…………………………………………………………………………………….………………… 25
3.8- The market share DCW is expecting to achieve………………………………………..…………………………….. 25
3.9- DCW’s current position in these markets………………………………………………………………………………… 25
3.10- Competitive offerings……………………………………………………………………………………………………………. 25
3.11- Likely impacts of the project and calculation of the profit before tax (PBT)……………..……………. 26
3.12- Increased ecommerce…………………………………………………………………………………………………………… 26
3.13- Bespoke jewellery…………………………………………………………………………..…………………………………….. 26
3.14- Cost reduction………………………………………………………………………………………………………………………. 26
3.16- Providing AR solutions to the jewellery industry………………………………………….……………………….. 27
3.17- Explanation of why this is best approach for generating impact: …………………………….……………. 27
3.18- The number of new and safeguarded jobs: …………………………………………………………..……………… 28
3.19- Any wider societal and environmental benefits: …………………………………………………………..……… 28
3.20- Other benefits:   ………………………………………………………………………..…………………………………………. 29
3.21- Planning the application………………………………………………………………………………………………….……. 29
3.22- Unreal Engine 4………………………..…………………………………………………………….…………………………….. 29
3.23- Unity…………………………………………………………………….…………………………..………………………………….. 30
3.24- Application Design…………………………………………………………………………….…………………………….……. 30
3.25 - user experience..........................................................................................................................30
3.26 - naming........................................................................................................................................31
3.27 - textures.......................................................................................................................................31
3.28 - using physically based shader.....................................................................................................32
3.29 -  light/dark mode.........................................................................................................................36
3.30- Favourites……………………………………………………………………………………………………………………………… 36
3.31- AR Marker…………………………………………………………………………………………………………………………….. 36
3.32 - Project plan for markerless implementation……………………………………….....................................38 
3.33 - Fully automated hand detection and recognition .................................................................... 39
3.34 - Fully automatic and semi automatic ring position estimation and tracking..............................39
3.35- Hand position and orientation estimation..................................................................................41
3.36- Automated ring positioning and virtual reality rendering...........................................................41
3.37-Validation and app deployment...................................................................................................41
3.38- Handling data………………………………………………………………….…………………………………………….………. 41
3.39- Augmenting Reality………………………………………………………………………………………………….….………… 42
3.40- Adding a Catalogue…………………………………………………………………………………………………….…………. 44
3.41- Getting in touch…………………………………………………………………………………………………………………….. 44
3.42- Testing…………………………………………………………………………………………………………………………………… 45
3.43- Technical Section…………………………………………………………………………………………………….……..…….. 45
3.44- Creating metals…………………………………………………………………………..………………………………………... 45
3.45- Data Storage…………………………………………………………….…………………………………………………………… 46
3.46- Adding designs to a user account………………………………………………………………..………………………… 46
3.47- Metadata…………………………………………………………………………………………………..……………….…………. 47
3.48- Expanding the catalogue……………………………………….………………………………………………….…………… 48
3.49- Adding / Removing materials……………….……………………………………….………………………….…………… 51
3.50- Changing Email Recipient…………………………………..………………………………………….……………………… 52
3.51- Using Vuforia…………………………………………………………………….……………...………………….………………. 52
3.52- Deploying & Publishing…………………………………..………………………………………………………..…………… 52

Conclusion ………………………………………………………………………..…………………………………………………………….55

Recommendations and further works ……………….……………………………………………………………………………60

References ………………….………………………………………………………………………………………………………………….66

Appendices….…………………………………………………………………………………………………………………………………..70

· Appendix one: CERIC Competitor report 
· Appendix Two: CERIC User Guide 
· Appendix Three: CERIC DCW/ CEMET Paper
· Appendix Four: DCW Company structure and Projects
· Appendix Five: App Quality Check








List of figures and tables:
Page

Figure 1: CERIC Display…………………………………………………………………..…………7
Figure 2: CERIC marketing banner…………………………………………………….….…….....7
Figure 3: CERIC user information ………………………………………………………….………8
Figure 4: Project plan…………………………………………………………………………...……9
Figure 5: personal development plan…………………………………………………………...….9
Figure 6: Benefits………………………………………………………………………………..….10
Figure 7: hand tracking………………………………………………………………………….….11
Figure 8: Digital Business and Electronic Commerce…………………………………………..18
Figure 9: Developing products in half time……………………………………...………………..19
Figure 10: CERIC rings……………………………………………………………………………..21
Figure 11: Gold………………………………………………………………………………………31
Figure 12: Shader settings……...………………………………………………………………….31
Figure 13: Lighting…………………………………………………………………………………..32
Figure 14: Gold dragon ring………………………………………………………………………..33
Figure 15: Final light settings………………………………………………………………………33
Figure 16: Bareesha………………………………………………………………………………...35
Figure 17: Bareesha continued …...………………………………………………………………36
Figure 18: Light/ dark mode………………………………………………………………………..36
Figure 19: AR Marker……………………………………………………………………………….38
Figure 19b: Hand Detection Left…………………………………………………………………..40
Figure 19c: Hand Detection Right…………………………………………………………………40
Figure20: Data structure……………………………………………………………………………42
Figure 21: AR Hand View……………………………………………………….………………….43
Figure 22: metadata……………………………………………………….………………………..48
Figure 23: Onclick event……………………………………………………………………………49
Figure 24: Adding jewellery ……………………………………………………………………….50
Figure 24b: Catalogue images...............................................................................................51
Figure25: Build Setting showing Android as active platform……………………….…………..53
Figure 26: CocoaPods………………………………………...……………………………………54
Figure27: XCode workspace selecting device and provisioning……………………………….55
Figure 28: Ceric main logo………………………………………………...……………………….56
Figure 29: Ceric Hand………………………………………………………………………………57
Figure 30: Ceric menu shots……………………………………………………………………….58
Figure 31: Ceric user card………………………………………………………………………….59
Figure 32: Ceric guide overview…………………………………………………………………...61
Figure 33: menu updates………………………………………………………...………………...61















Introduction:
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Figure1: CERIC Display



Vision for the project

To build on the existing DCW online sales model which uses a photographic catalogue (known as CERIC) (Egaji et al., 2019) and to enable a competitive advantage and a global customer capture for the Diamond Centre Wales through this technological innovation (D’Attoma and Ieva, 2020). The aim is to create a novel augmented reality (AR) physical platform for DCW. This platform will allow a potential customer to visualise jewellery using AR technology. Customers will be able to customise their own jewellery via a simple touch interface embedded in the podium and would then be able to harness the power of AR and visualise in real-time the designed jewellery on their own hands. The application will be disruptive to the conventional jewellery supply chain for bespoke jewellery design and ecommerce (Szozda, 2017). 



[image: ]
Figure 2: CERIC marketing banner






Key Objectives

· The ability to view digital jewellery via Augmented Reality (AR) 
· Real time renderings of personalised configurations      
· Parametric design and creation of virtual models
· Integration of realistic precious metals and gemstones
· Offer the in-house solution to third party manufacturers as software as a service (SaaS



[image: ]
Figure 3: CERIC user information



Main areas of focus

The project focuses on the development of augmented reality (AR) to enhance the experience of creating, customising and trying on jewellery. This experience will be provided via cutting edge technology embedded in a podium displayed in DCW’s store enabling just-in-time manufacturing and an interactive design experience for customers to enjoy (Syahidi et al., 2021).

During this projects lifecycle I will also concentrate on my own personal development, and I have put a plan in place to aid me with this, along with benefiting my approach and project outcome. 



[image: ]
Figure 4: Project plan

During phase one of this project I will learn more about the immersive technology on offer by attending virtual events and conducting online research then I will study the retail fashion industry to find out what other competitors are using and how I can take advantage of this by using their ideas as a development starting point. To gain a complete understanding of what this project requires I will also present my ideas and understandings to the core DCW team and explain my project followed by an interactive feedback session and suggestions box. This approach will aid me in correctly and fully understanding what DCW needs from this project and its features.

[image: ]
Figure 5: personal development plan

As the project progresses, I will be able to identify gaps in my knowledge base and aim to upskill myself through online learning and materials that I have gained during my industry 4.0 advanced manufacturing course at UWTSD.
Tangible benefits will be gained for the company from this project such as Increased sales and an Increase in market share due to gaining a new audience and larger demographic. Reduced transaction costs and reduced labour costs due to not having to organise multiple appointments and meetings with clients to design and prototype their designs as it will be all done remotely via the application and no physical material will be used.

[image: ]Benefits

Figure 6: Benefits

Innovation

I will aim to develop a virtual jewellery sales tool, that will utilise the viewing and manipulation of highly detailed, realistic 3D models combined with a high-resolution image viewer. There is an emerging trend for the incorporation of AR technology into the user and businesses ecommerce experience (Jha and Yadav, 2019). However, current limitations in AR capable hardware availability and the lack of systems for providing a believable 3d digital high-quality experience is currently limiting the wider adoption of AR (Van Krevelen and Poelman, 2010).  



In-store virtual “try on” experiences only support current or existing stock designed jewellery pieces and therefore do not support real-time personalised or customised pieces (Breugelmans and Campo, 2010). Providing this solution as a bespoke in-store AR visualisation system will permit disintermediation and disruption of the current supply chain as augmented reality allows for the consumer to “try on” their creation, with no associated costs of creating physical prototypes, whilst retaining the look and feel of the created design (Mac Namee, Beaney and Dong, 2010). 
Furthermore, offering the ability to create bespoke ring and jewellery designs using virtual models alongside the ability to “try on” their design in AR gives clients the power to customise and adapt their own jewellery designs and test them on themselves, their partners, their family members, and their friends before committing to a final purchase (Liao, 2018).
This Project will enable DCW to take advantage of advances in augmented reality (AR) to provide a new experience to clients. Leveraging cutting edge AR and new powerful chip sets that now have become readily available in smart devices, the project will enable clients to create and “try on” their own jewellery designs without having to go through design consultation meetings and prototype manufacturing (Syahidi et al., 2021). DCW needs a competitive advantage through technology to grow in the face of fierce competition in the global jewellery industry.
The business case for this advancement and adoption in new technology is based on, accelerated sales growth from customisation and personalisation using AR, reduced costs from replacing physical prototypes with digital versions, reduced design times and business growth from a new client base  derived from DCW offering a new service that can capture a wider demographic of customers and also the potential of DCW utilising this application as a software package for businesses to use as a   software as a service (SAAS) offering a design and bureau service for other jewellery businesses to take advantage of and increase their sales capacity (Bardhan, 2021).


[image: ]
Figure 7: hand tracking




DCW Business overview

Since 1983, Diamond Centre Wales (DCW) has earned a reputation for creating beautiful, sparkling, diamond jewellery. Their craft, reputation and business has grown hand-in-hand over that time. 
With an annual turnover of £2million DCW have over 15,000 customers on their CRM database. They have extended the business to incorporate their interactive diamond lounge, conference facility and shop.
From their purpose built, merchant quarters in Talbot Green, Nr Cardiff, South Wales, they provide a complete “concept to creation” service, all undertaken in-house. Their 21 employees include expert teams consisting of software developers, artists, designers, diamond graders and Goldsmiths, who create over 1000 bespoke pieces each year.
These teams are supported with a state-of-the-art digital design prototyping suite and an R&D department. DCW has a fully equipped Workshop (facilities for up to 16 Goldsmiths), and a teaching facility for traditional and modern Goldsmithing techniques.


Their bespoke diamond jewellery range includes:
· Engagement rings (range from £2,000 to £90,000 each)
· His and hers wedding rings (average £700 for his and £1,200 for hers)
· Eternity rings (average £2,000)
· Dress rings
· Necklaces
· Earrings
· Heirloom restoration and redesign
· Jewellery redesign projects
As diamond merchants for over 30 years, the company has gone to great lengths to ethically source the finest cut diamonds available, matching their customers’ requirements and budgets


Managing Director Kelvin James set up their diamond business in 1978. Kelvin has a BSc Hons from Cardiff University and has successfully developed the Diamond Centre of Wales into a business employing 18 staff with a turnover of £2.5m, based on his 40 years’ experience in the jewellery design and manufacture industry. As recovery post-pandemic demand rises a further two staff are being recruited.
DCW's employees, network and resources will be made available for the duration of this project, and post-project, to ensure the successful exploitation of the intellectual property created. The Company is committed to the commercialisation of the new capability developed that will allow clients to design jewellery for themselves and see the result on their own hand. 


Diamond Centre of Wales’s (DCW’s) vision is to build a substantial jewellery manufacturing centre in Wales and encourage, promote and support a vibrant community of designers and manufactures in South Wales. This project will help achieve this vision by increasing sales through the introduction of a new route to market for bespoke jewellery and through an enhanced online capability which opens new geographical markets to the Company.
DCW has grown through technological and design innovation and the steady expansion of its capabilities and customer base. Their strategy is to continue along the same path and enable the company to overcome the intense competition from imported jewellery that has decimated the UK industry. Bespoke jewellery designers are constrained by the need to create samples and send them for approval to distant clients. This project will eliminate this step and give the Company a distinct advantage over every other designer/maker company. However, they are prepared to share this capability for a fee with other companies making bespoke items. For more detail into the company (DCW) and their structure, along with ongoing projects please see Appendix Four: DCW Company structure and Projects.  

The company needs to improve on the immature technology currently being used in the industry which utilises photographic images and will also need to integrate ecommerce with the customer design function. There has always been a limitation on what AR can achieve via the use of a smartphone due to restrictions in their capability however this will now be overcome by recent advancements in chipsets, camera capabilities and scanner functionality enabling the newer models of smart phones on offer to be sufficient for the application to run correctly.


With the knowledge gained from this project DCW will expand its marketing and sales reach through AR solutions ideal for exploitation online (MobiDev, 2021.) within the UK and      internationally and this will help to overcome the large fall in UK exports of jewellery in the last couple of years from the effects of Brexit (Jha, 2023). This will enable an increase in the rate of growth by bringing in new jewellery business and a new income stream from other jewellery manufacturers who will use DCW’s new developments to improve their own      business after DCW adapt and perfect this approach. The company is already at the cutting edge of technology for their industry, and it is a natural extension of their strategy to offer their solution as SaaS to other designer/makers (Choice, 2020) . 
DCW already has a reputation for being at the forefront of developments in their industry and the marketing push for the new capability will enhance that further.
The project will promote circular economy, efficient use of rare earth materials with clear end of life policies, creating meaningful employment as we scale up the system, in line with the United Nations standard development goals (United Nations, 2015), the future generations of Wales act and Wales 4.0 initiative (GOV.WALES,2023.)

DCW has a strong presence and understanding of jewellery manufacturing, marketing, and sales, and delivering solutions relevant to this sector. This comprises a strong in-house research and development team with software development and project management skills and speciality in gems, goldsmithing and automated manufacturing, as well as the structure, service, and planning knowledge to make and distribute high value items.
This projects software development will look at using Vuforia (Vuforia.com, 2019) and Unity (games engine) (Unity Technologies, 2019) for VR, and GDPR compliant database software in the form of Google Firebase (Google, 2018). The development of assets to populate the application will be created on 3design (3DESIGN, 2023.) and keyshot (Keyshot.com, 2019) utilising the existing software and capabilities of the DCW CAD design team I can build on historical model files and optimise them for the application, removing the need for new asset creation and saving on development time.



























What is the anticipated financial payback for DCW?       

Diamond Centre of Wales (DCW) is committed to Design & Manufacture of Bespoke Precious Jewellery, utilising traditional & technological advancements, to create unique creations, in collaboration with their client base.         

· To consolidate leading position in DCW’s core market.

· To expand into ecommerce 


· Distance selling for bespoke jewellery designs which is more prevalent now in the face of Covid-19

· Increase sales revenue by penetrating new geographical markets. 


· Reduce the amount of company’s inventory 

· Adopt disruptive technologies to achieve a breakthrough in scale of operations. 









In 2018 retail sales revenue in fine Jewellery (rings, neckwear, watches, and earrings) in the UK was £3.2billion (www.euromonitor.com, 2022.) This represents a wholesale value of c. £800million. DCW’s current turnover is c. £2million or 0.25% market share. Most jewellery retailed in the UK is manufactured abroad in Italy and the Far East (Tiger, 2021). By adopting virtual reality into selling bespoke jewellery DCW will increase sales and also capture a higher margin through disintermediation (Chaffey, Edmundson-Bird and Hemphill, 2019). They will gain the ability to sell high value luxury items direct to jewellery wearers. 
Initially once this project is correctly implemented into the business, forecast online sales for DCW will see a steady increase as the technology is being used(Tan, Chandukala and Reddy, 2021), and marketed for users and at the end of a 5 years usage of the live software application should see large gains in online and distance retail sales if the technology is adopted correctly (Adiyono, Rahmat and Anindita, 2021), supported throughout and marketed through avenues such as email mailers and social media campaigns to ensure a continual growth pattern (Jahid et al., 2021).



An alternative scenario would be for DCW to license the newly developed technology to other jewellery vendors with an online operation. However, this would be an unlikely path for DCW and the new technology offering due to the increased cost of helpdesk and support initially and the likely development of copycat software solutions which would lower the charges that DCW could make for licensing fees and subscription services from other businesses.

What capabilities will be increased? 
      
DCW has embraced technological advancements (CAD/CAM, AR, VR, AI, Laser engraving, 3D scanning) cementing its place as a leading bespoke Jewellery manufacturer in South Wales 
The capabilities that the project will improve include:

· Augmented Reality 
· Ecommerce integration
· Applications development
· Software development
· Automation of jewellery design
· Just-in-time manufacturing
· Batch size one production



What is innovative about the project? 
      
Online jewellery sales commonly use standard ecommerce websites to enable the viewing of their stock via high resolution images. Although the traditional website offering supports a wide catchment area for sales, it also poses some challenges for the customers. As the jewellery is represented by traditional images and a gallery view, customers are unable to try the ring on their own hand as they would in a retail store setting. Also there are limitations to the instore try-on approach as they can only show the current stock they have on offer and cannot support visualisation of personalised or customised pieces. An AR application will enable the consumer to ‘try on’ their creation, with no associated costs of creating physical prototypes. Whilst retaining the look, and feel, of the created design using virtual models alongside the ability to “try on” their design in AR gives clients the power to customise and adapt their own jewellery designs and test them on themselves, their partners, their family members and their friends before a final purchase. (Radhika et al., 2015).
 
What knowledge is to be gained and why does the company need it? 

DCW’s R&D department’s current projects include: -
· Proprietary Laser marking of Diamonds, 
· Blockchain technology for supply chain transparency/recovery, 
· Plasma Polishing of precious metals
· A KTP for exploitation of 3D printing in precious metals (additive manufacturing)


The knowledge gained from this project and its research will:
 
· Increase DCW’s software development knowledge 
· Enable creation of generative/parametric design aspects for mass customisation
· Extend understanding AR/Virtual Systems and its evolving role in the jewellery industry. 
· Build DCW’s ecommerce integration 
· Enable improvement in materials/real-time rendering  




What is the academic challenge of the project? 
      
With the current state of the art, providing a robust client facing platform to view jewellery in AR might prove to be a challenge in itself. Moreover, making the platform not only powerful (parametric/generative designs) but also accessible and easy to use will require a wide range of skills. The interaction design of the app needs to be at the forefront of the frontend design to avoid placing a creative barrier between the user and the parametric design/ jewellery creation platform (NAKAGOMI and MURAKAMI, 2020).
Many problems still exist relating to the reliability of the interaction, the functional realism of the interaction models applied to design and visualisation tools and overall, the usability of any AR application case (AlAgha and Rasheed, 2015).
Additional challenges that will arise during the development of the project (i.e., brand engagement, product, placement, changes in the environment) will strengthen the research and knowledge gained during this project and increase DCWs expertise in application development and AR.
DCW will require industry specific understanding of how this technology works. Incorporating the set of AR tools proposed in this project will improve and extend the capabilities of DCW, thus allowing them to make an impact in the industry, creating added value for their customers and improving sales while reducing design and stock costs. The project will aim to develop a sophisticated solution that has a human computer interface (HCI) that is intuitive to use.


DCW currently lacks the expertise in the core skills to develop the immersive AR tools needed for this project, notably: 

· Current AR Platforms: DCW lacks specialism and technical knowledge in AR hardware, sensors, and technology. 
· Interaction with virtual and augmented: DCW lacks core experience in enabling users to manipulate virtual models and interact with augmented environments. 
· AR Design Showcase: DCW lacks specialism in creating technological tools that enable the visualisation and alteration of new designs in AR. This will be done by creating the immersive environment where the final customer can 'try on' different configurations and visualise, using immersive technologies, different jewellery designs and styles before they are sent for manufacturing.
· Utilising sensors, such as Leap Motion and/or Kinect Azure or other suitable depth camera





This project will provide innovative and research-led methods to gain the relevant expertise in immersive systems, sensors, and AR. In support of this development effort, the company needs help with respect to the provision of novel strategies for implementing AR to create a deployable digital platform. They will need to understand how to apply the new capability in AR to their new product developments as they come to market so this research project will aim to embed the skills for future work into the development team.
To exploit the IP fully, DCW will offer a bureau service to other manufacturers allowing them to use the AR system for a fee. DCW are committed to developing a helpdesk system and a support team outside the scope of this research project.



At the initial Introduction phase, a project steering group (PSG) which will include representatives of DCW’s management, development, marketing, design and finance departments will be set up to ensure that the progress of the project is tracked and enriched where relevant. This will be in line with the company's ability, particularly around the development of novel manufacturing and marketing resources.

These capabilities will be embedded within the business through training, workshops, courses, and documentation of procedures and processes in AR development, and systems integration. This will be delivered in the form of project documentation and department-specific and company-wide workshops on both general aspects of AR and hand interaction and plinth-based tutorials once the first iteration of the jewellery customisation tool has been developed.

The capabilities will increase growth through gaining competitive advantage and reduce costs through increased automation and more accurate pricing(Kugamoorthy and Perera, 2021.). The novel enhanced digital technology will enable DCW to sell globally without the need for making samples or prototypes before a customer makes their purchasing decision in markets that are sophisticated enough to accept a digital representation of the final item. The system will be beneficial to complementary manufacturers of products worn on the hand or wrist and DCW will licence the use of the software to them. There will be mandatory training which will also be chargeable.

AR will launch DCW into the digital economy and as such, IP and future development capabilities must reside within the company. Also, the need to integrate the proposed solution with the existing services and processes, use of company-held data to enable market growth and gain competitive advantage makes internal development critical. In parallel, the project is critical to the future capability and strategic development post-project to be leader in an evolving market for online jewellery sales (Gomelsky, 2021). 



























Literature review
In this section the literature review will cover themes that are relevant to this project and study area. The key themes include Industry 4.0 technologies along with innovations and the use of AR (Augmented reality), VR (Virtual Reality) and AI (Artificial intelligence) along with tracking software for virtual modal manipulation and viewing in real-time. 
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Figure 8: Digital Business and Electronic Commerce

Digital Business and Electronic Commerce
Strategy, Business Models and Technology
Authors: 
· Bernd W. Wirtz
· Provides a fundamental introduction to all aspects of digital business
· Offers readers essential guidance on integrating their strategy, business model and the latest technologies
· Includes a comprehensive case study on Google/Alphabet with summarizing questions and answers












Developing Products in Half the Time: New Rules, New Tools
Amazon.com consistently ranks this book among the three most popular product development titles. Over 100,000 copies are in use by management in many industries.
Developing Products in Half the Time: New Rules, New Tools,
by Preston G. Smith and Donald G. Reinertsen, John Wiley & Sons, 1997, 298 pages.
[image: preston smith author]
Figure9: Developing products in half time

Endorsements and Reviews
Versions and Languages
Obtaining Developing Products in Half the Time
 

Published papers on AR “hands” that I have researched and found useful to my projects development include:
Freehand grasping in mixed reality: analysing variation during transition phase of interaction-
•	M Al-Kalbani, M Frutos-Pascual, I Williams. "Freehand grasping in mixed reality: analysing variation during transition phase of interaction" Proceedings of the 19th ACM International Conference on Multimodal Interfaces, 2017
Usability Analysis of an Off-the-Shelf Hand Posture Estimation Sensor for Freehand Physical Interaction in Egocentric Mixed Reality-
•	AD Blaga, M Frutos-Pascual, M Al-Kalbani, I Williams. "Usability Analysis of an Off-the-Shelf Hand Posture Estimation Sensor for Freehand Physical Interaction in Egocentric Mixed Reality" IEEE International Symposium on Mixed and Augmented Reality (ISMAR), 2017






The websites and of the shelf offerings I have researched online and found useful not only for feature development but also for marketing and SAAS offerings- 



TensorFlow
TensorFlow is an efficient inference for mobile platforms, that offers good cross-platform useability. Using TensorFlow could save a lot of engineering time and resources. Its running efficiency enables many algorithms to run in real time with AI/AR features (TensorFlow, 2023). 

https://medium.com/tensorflow/smilear-iqiyis-mobile-ar-solution-based-on-tensorflow-lite-7b39347b1b8d

https://www.tensorflow.org/lite/examples/

https://www.youtube.com/watch?v=Q6ERFwQNkzo

https://github.com/tensorflow/tensorflow/tree/master/tensorflow/lite/experimental/examples/unity/TensorFlowLitePlugin/



Manomotion
Are offering 2D and 3D object tracking and control and have a successful SAAS business model. I have requested their SDK and have found them useful from a marketing prospective(Anon, 2021).  

https://www.manomotion.com/ 



MACHINE LEARNING and AUGMENTED REALITY (Appsbuilders.org, 2023)

http://appsbuilders.org/guides/machine-learning-and-augmented-reality/



Media pipe
Googles media pipe offers a variety of open source cross-platform, solutions that can be customized for a developer’s needs.
I found this very useful in my research and development(mediapipe, 2022).

https://mediapipe.readthedocs.io/en/latest/hand_detection_mobile_gpu.html

https://ai.googleblog.com/2019/08/on-device-real-time-hand-tracking-with.html








Multi-hand Gesture Recognition Base on OpenCV
Open CV offer an opensource python library tracking approach where a developer can edit and customise their software to fit their solution and requirements (OpenCV, 2019).

https://github.com/OAID/CVGesture
https://github.com/lmb-freiburg/hand3d
https://lmb.informatik.uni-freiburg.de/projects/hand3d/





[bookmark: _Toc532297104]Main body chapters
Overview
During the course of this project I will be researching, developing and testing the Diamond Centre Wales Augmented Reality (AR) application also known as CERIC, this project began with the involvement and initial development assistance of CEMET (CEMET, 2020). In collaboration with DCW, CEMET were able to assist with the set-up of the initial applications framework and hand over to DCW for further development, implementation of the Augmented reality features, implementation of catalogue items, along with all its features, design layout and then launching the application.
Primarily this document is intended for Diamond Centre Wales staff as a how-to guide on how the application works, where to look to modify the app and what is required to expand the offerings within the app as it stands. Secondarily, this document should serve as a technical manual for future developers, explaining how the app was developed, which design choices were made and why, as well as making recommendations on how the app can be further expanded and enhanced. For more information please refer to the attached, Appendix Three: CERIC DCW/ CEMET Paper
[image: ]
Figure 10: CERIC rings
[bookmark: _Toc532297105]Purpose of the app (CERIC)
I will be designing, creating and developing an application on for the Diamond Centre Wales (DCW) offering an Augmented Reality (AR) retail solution, that will sit within it’s existing workflow, allowing users to experience a visual representation of DCW’s jewellery through the use of their smart device, this use of emerging technology will create an experience that will work in the favour of both DCW and it’s customers. (Dacko, 2017).

Prior to the development and implementation of this application and its AR software package a typical customer journey would be:

1. Interaction with Diamond Centre Wales either directly by visiting the site or indirectly via social media, email or a phone call.
1. An appointment would then be arranged with a member of the sales team to establish what the customer requires and what designs need to be created 
1. The designs will be created in 3D by the DCW design and CAD team and shown to the customer during their next design consultation and any alterations will be made at this stage before manufacturing begins.
1. And finally the customer will receive their bespoke piece of jewellery and the journey is complete. 



These design and consultation phases can become very time consuming and inefficient for both the sales and design team and their customers. A complete design through to creation journey requires multiple appointments, this combined with alterations at later stages can greatly increase the allocated time frame for jobs to be completed.
An augmented reality and interactive design application could be used to streamline the design and creation process and would allow customers to view and experiment with different combinations of jewellery designs and materials that could potentially speed up the traditional process. 
This would enable customers to design and review their bespoke jewellery without having to visit the site, and changes could be made in real-time so resources could be better used saving time and money.
The Augmented Reality (AR) feature will allow customers to view their jewellery creations freely in their own time and also gain a better idea of how it would look once completed.



There are several challenges that will be needed to overcome to expedite the adoption this technology within the jewellery industry: 

Commercial:
· End-customer purchasing has changed with more customers wanting to buy online. 
· [bookmark: _Int_M1YXDg2L]Traditionally the Company would hold large quantities of stock on site which is costly, and the new method requires a paradigm shift I to minimal stock. 
· Despite the risk to the sales staff - particularly when attending jewellery fairs and trade shows they will need to be convinced of the benefits of the online “try on” solution. 
· Customers are wanting more bespoke pieces but may be unable to visualise what the finished item will look like. 
· How to integrate the technology into the existing system so that it complements other business processes. 
· Persuading a conservative industry to buy in to this approach and be receptive to SaaS
· [bookmark: _Int_J7NCoZJG]Coping with the paradigm shift in consumer attitudes which have changed dramatically over the last five years and this change has accelerated during the pandemic

Technical:
· Defining the design parameters for consumer co-creation and parametric design. 
· Integration of the new AR capability into the company’s legacy sales orders and manufacturing systems and the testing 
· Data collection & feedback mechanisms (quantitative/qualitative analysis) to improve customer / client / industry experience and knowledge of the AR, by creating an enhanced journey and expectation for them through increased knowledge, understanding and proof of concept exemplars. 
· [bookmark: _Int_bnui5fLN]Paradigm shift needed to make a success of a novel co-creation method which supersedes traditional methods and may appear to the workforce to lessen the relevance of their skills acquired over a lifetime. 
· Developing the tools to market the system to other manufacturers and setting up the training that the clients will need
· Setup of licensing, bureau service, training facility, and helpdesk for system sales

Because of their approach to technological innovation DCW will have no cultural issues with adopting AR for distance selling



This project is offering a unique opportunity via the development of the AR interactive catalogue to combine complex emerging technology (AR) with applications in the jewellery industry. This integration of AR will be challenging and will aid in developing my skills and furthering my knowledge and experience in the methods for capturing, delivering and transforming AR systems for jewellery design and I will need to be constantly aware of current and emerging AR systems and present concepts on how AR can use sensor data so I will be examining competitors and current market offerings along with scientific papers and research documentation in order to ensure that I will be delivering the quality interaction and design capabilities that DCW requires. 
The skills I will gain from the project outcomes will cover several core disciplines, namely AR integration, AR environments, AR interaction, natural interfaces, and visual perception of virtual realism as I will be exploring novel examples of natural augmented interfaces that tailor to the public, trying to remove barriers to entry typical of these kinds of technologies. Transactions on Human Machine Interfaces or Transactions on Computer Human Interaction papers will be extensively researched during this project to ensure that the project furthers the field in AR and gains impact for DCW(Kumar and Ambeesh, 2022). 


Challenges include:
· A uniquely difficult opportunity for DCW to exploit their current skills in developing advanced applications of AR in this new domain and promote their ongoing research in several AR-based technologies.

· Identifying within the project plan the technical risks and developing risk-management via a stage-gate project management approach.


· Translating academic theory into a real environment. Academic theory is often tested under laboratory conditions, the use of real environment and use case for testing will be a technical challenge

· Developing novel solutions that will push beyond the current state of art in AR for viewing a digital illusion of a jewellery item on the wearer’s own hand while linking back to legacy stock control and manufacturing systems. 






The target markets: 
Forecasts show that the UK’s fine jewellery market will continue to see a growth pattern over the next five to ten years due to that fact that it is resilient to financial shocks (MOF Team, 2021). The majority of sales and large purchases are linked to significant life events such as anniversaries, birthdays, Christmas etc. However traditional high-street jewellery shopping for name brand stock pieces such as F Hinds, H. Samuel and Argos, are set to expect a small decline in sales due to rapid transition of online sales and decline in high-street shopping (Statista July 2022) reports there are 4,111 retail jewellery stores in the UK.
     In 2021 retail sales revenue in fine jewellery in the UK was £6.5billion (Statista, 2021). This represents a wholesale value of £3.25billion. Much of the jewellery sold through retailers in the UK is manufactured in Italy South Asia, and the Far East.

Here are the top five performing countries that exported the largest market share of jewellery during 2020.

Switzerland: US$8.1 billion (11.7%)
China: $8 billion (11.5%)
India: $7.7 billion (11.1%)
Hong Kong: $6.3 billion (9.1%)
United States: $5.3 billion (7.7%)




Their relative size or value: 
The UK’s jewellery manufacturing market during 2021 was estimated at around £660 million with a growth of 2.2% (IBIS World.com,2022). However, these figures of growth masks an overall decline in sales through high-street offerings and a large increase in the online sales market helped by various Covid-19 lockdowns. UK imports vary and drop back to below £800 million a quarter since the start of the pandemic (Statista, 2022).




The market share DCW is expecting to achieve: 
Over the five years post-project DCW believe that they can achieve 0.6% market share.

DCW’s current position in these markets: 
DCW's current turnover is £2m or 0.3% market share.

Competitive offerings:  
TrueviewAR (Washington State, USA), MirrAR (India), and TRYON (Toronto, Canada) are software as a service (SaaS) companies specialized in augmented reality technology for the jewellery industry. They are not jewellery makers but demonstrate there is a market for the system to be developed in this project for use by other manufacturers.
The largest manufacturing competitors are Graff Diamonds (global turnover US$340million) and Boodle and Dunthorne (turnover £74million).
Please see the attached Appendix one: CERIC Competitor report for an in-depth detailed report on the competitors and available software.   

DCW will grow through three key routes to market:
1. Expanding their business generated from their existing client base through increased ecommerce. The AR capability will generate interest from individuals purchasing on the internet and provide a sales opportunity for retailers who will not need to carry stock or samples to sell high value bespoke items. DCW’s current website offers a complete online shopping experience but the addition of “try on” capability through AR will lead to 100% growth by five years after the project’s completion. Their existing and additional marketing spend on search engine optimisation and advertising together with social media advertising will attract consumer interest.

1. Distance selling using AR for bespoke jewellery items and penetrating new geographical markets. The project will allow DCW to reduce any reliance on agents in overseas territories and increase sales where the old system of sending out samples was too slow or expensive. This disintermediation will lead to new revenues at higher margins, increasing from 25% to 50%. The agents have a relationship with wholesalers and retail stores. Two of the three elements are removed from the chain to the consumer purchaser by going direct through online sales through a podium in an outlet.

1. Developing and deploying a modular white label system for AR in the jewellery manufacturing industry. The UK industry has not adopted the AR solutions available from Canada, India or the US as costs are too high and service inadequate. The solution will be an advance on anything seen in the market to date. Once it makes an impact DCW expect most jewellery manufacturers in the UK will move to AR supported online sales and significant numbers will use the system developed in this project. A conservative estimate is that 100 clients a year will adopt the system.

DCW will invest in strategic marketing campaigns through a professional agency and utilising various channels (e.g., online marketing, social media, and display ads), press releases and newsletters. The company will investigate the market potential for expansion of its services to Europe and the US and use the British Jewellery Association journal and website to communicate with potential SaaS clients.


DCW will highlight the AR physical Podium at trade shows to impress the culture change for design and manufacturing, whilst networking for clients and consumers. They will endeavour to write trade articles for National Association of Jewellers, Professional Jeweller, and publicise our findings in the USA Santa Fe Symposium Conference. 



Likely impacts of the project and calculation of the profit before tax (PBT): 

Increased ecommerce
There is an increasing trend toward online sales in all businesses. However, jewellery sales depend on a personal judgement as to what “look” suits an individual. Online stores use high resolution images, sometimes with the ability to rotate the item for a 360-degrees view. By adding AR to a higher standard than currently available there will be a step change in DCW’s online sales of their high value unique items designed by the customer. This competitive advantage will lead to at least 10% a year growth as the route to market is online and has a much wider and easily accessible audience than traditional destination-based retail and so rapid scale up is feasible.  

In project: no benefit
Year 1:   10% uplift on £2m, PBT @ 25% margin = £50k
Year 3:   30% uplift on £2m, PBT @ 25% margin = £150k
Year 5:   50% uplift on £2m, PBT @ 25% margin = £250k
Cumulative PBT of £750k

Bespoke jewellery
The new system will eliminate the need for a retailer between DCW and the customer. This disintermediation will capture all the margin in their products which was traditionally split with agents or retail shops. Margins on items sold online will be at 40% compared with 25% if sold to a wholesaler.

In project: no benefit
Year 1: Margin increase from 25% to 40% on the uplift in sales PBT = £30k
Year 3: Margin increase from 25% to 40% on the uplift in sales PBT = £90k
Year 5: Margin increase from 25% to 40% on the uplift in sales PBT = £150k
Cumulative PBT of £450k

Cost reduction
The current method of long-distance selling requires making a sample and couriering it to the shop involved. This is a labour-intensive operation to make them and consumes materials which are written off if there is no sale or deducted from the margin of a sales that goes ahead. The design process steps needed with traditional sales will also be eliminated by the new system which transfers the customer’s design directly to manufacturing. 

In project: no benefit
Year 1 through year 5:
Virtual Catalogue Company savings:
· Reduce Reliance on Polymer AM for prototyping/visualisation
· AR System                                                                          	£10,000/y
· Operation costs                2 hours/day*256@£80		£40,960/y
· Maintenance                                                                     	£3,000/y
· Materials                                                                             	£20,000/y
· Total PBT improvement					£73,960/y
 
Automation of design, quotation/valuation/follow up process
· 2hours per client @ 60% of bespoke sales (1500 Bespoke/year- 900 items applicable)
· £80p/h @ 600 items = PBT improvement £72,000/y

Reduction in stock Management due to Virtual Catalogue.
· Production, Maintenance, insurance, interest reduction on working capital = PBT improvement £20,000/y
Cumulative PBT of £830k

Providing AR solutions to the jewellery industry
Once one company has an AR “try on” then every company will need eventually to adopt this method of saving costs, increasing margins, and achieving higher revenues. DCW have promises of support from several organisations and initial sales of five systems are expected reach at least 10/y over the five years post-project.

Selling price of modular white label system for industry:
· Hardware and setup (per module) ￼				£20,000
· Digital assets and export functionality (per module) ￼		£10,000
For example: Hardware module and three digital asset packs for engagement rings, wedding rings and eternity rings would be £40k
In project: no benefit
Year 1:  sales of 5 systems gives revenue of £200k, PBT at 40% margin = £80k
Year 3:  sales of 10 systems gives revenue of £400k, PBT at 40% margin = £160k
Year 5:  sales of 10 systems gives revenue of £400k, PBT at 40% margin = £160k

The training required will be in academy taught modules at £250 each
· Design/Parameter Creation	£250				
· Manufacture			£250				
· White label system operation	£250				

In project: no benefit
Year 1:  sales of 5 systems gives revenue of £3.8k, PBT at 25% margin = £0.9k
Year 3:  sales of 10 systems gives revenue of £7.5k, PBT at 25% margin = £1.9k
Year 5:  sales of 10 systems gives revenue of £7.5, PBT at 25% margin = £1.9k
Cumulative PBT of £688k
Over five years from the completion of the project the profit before tax improvement will be £2.7million

Explanation of why this is best approach for generating impact: 
An online marketing approach offers solutions to increasing revenue while reducing costs per item sold. It eliminates the need for extra sales representatives, and the production of samples or prototypes. It also provides the inputs for their stock control, pricing, design, and manufacturing systems through direct input by the clients. 
An additional benefit is that the solution itself will be of great intrinsic value to any jewellery manufacturer with the aim of gaining the benefits of higher margins from disintermediation.      DCW will obtain two new business streams from the one project making it a very cost-effective way of achieving their strategic aims.
In a traditional industry, a paradigm mind-shift for AR as a prototyping and visualisation tool will need both consumer and industry engagement to impress the environmental benefits, such as circular economy and efficient use of materials, working towards a system and industry culture change. 
The sales strategy for the jewellery is based on a USP that the new system is unique, responsive, quicker, and through co-creation (under the consumer customer’s control). Cost reduction flows into improved margins. There is no advantage in reducing selling prices, competitors can match them. Competitive advantage will come from consumers wanting the specific benefits the system brings.
2 x additional jobs will be created in the development and roll-out of the new technology, and there will be a significant expenditure by the company. Due to this expansion, the company expects two new positions in the IT department to be created to support the new technology and provide helpdesk support for the AR system clients (one during the project, and another post completion of the project). 
Increase in CAD department (1), workshop (1), with 2 x apprentices assuming an average salary c £15,000 per person *2 = £30,000 to support the increase in workload of design developments and the associated bureau workload. 
     DCW will invest in marketing campaigns. A budget of £8K will be allocated for marketing purposes.
Total investment for two additional specialised staff (£80k), two apprentices in CAD and workshop (£30k), marketing (£8k), and specialised training for the Associate (£3k) will be £110,000.

The number of new and safeguarded jobs: 
This project has the potential to create skilled permanent positions in development, safeguarding existing 21 jobs at DCW, and increasing by 5 new posts for the market expansion and sales increase allowing DCW to be at the forefront of the design and manufacturing revolution, creating new industry standards, and commanding bigger presence in the UK bespoke jewellery industry, and achieving global recognition. 
It will also augment DCW's R&D projects and facilitate a faster adoption of the technologies being developed and create a support team to ensure the application remains relevant and updated.

Any wider societal and environmental benefits: 
The tools developed for DCW will enable novel creative applications that will stimulate customers and designers by delivering a more engaging, personal, accessible and connected experience, reinforcing DCW as a brand and institution in the jewellery industry. Customers will benefit from this new immersive design approach by taking an active role in the development and design of new jewellery items, informing the design process in a hands-on manner. This will have a direct impact on DCW’s customer relations and how customer personally and emotionally invest in their jewellery creations. The application will enable customers to take an active role in the design while visualising alterations in real time. Once the final design is agreed, they will be able to highlight it in an AR environment, reducing the material wastage used in test designs and their environmental footprint.
This project will present a novel use of interactive AR technology for augmenting virtual jewellery into real scenarios. It will therefore provide a novel platform for visualising and designing real products in situ and rapidly redesigning/reviewing them, thus creating a zero-waste jewellery design process. Wider dissemination of this knowledge will lead directly into design and development of projects with wider societal benefits (for example interactive education, serious games and assistive interfaces), while creating new job positions for nurturing, maintaining and further developing the new knowledge created through this project.

Finally, the developed tools will act as a catalyst for ensuring DCW is at the forefront of innovation, and it is a role model in the international jewellery, reinforcing the UK, in its position as a world leader in immersive technologies.

Other benefits:   
[bookmark: _Int_7N3j1XW5]During the Covid-19 pandemic consumer behaviours changed, due to economic and societal restrictions, businesses had to also change their behaviours and had to rapidly adapt their online sales offerings and ecommerce abilities and how they generally did business in order to hit their target market and maintain sales. Virtual catalogue applications, coupled with AR, have the ability to reach new markets, make start-ups more affordable & accessible, promoting social inclusion, as the cost to produce, maintain, and ensure stock is much lower, compared with physical stock on the shelf.  Job creation and retention within Wales in developed economies relies on innovative SMEs rather than larger organisations which continually strive to reduce employment costs. Innovative SMEs are the fastest growing and create more wealth and employment than any other sector. DCW is a leader in technology and a bulwark against import penetration through better, quicker service of customised items, increasing DCW competitiveness. 


Planning the application
Once the requirements had been outlined, and understanding of what was needed alongside the standard of what would be required for the customers to really engage with the application and find value in its offerings, a computer games engine would be the best approach to build the 3D environment for the application. As the application will need a high standard of graphics for the feel of realism in the 3D rings and materials set on those rings, games engines also offer easy build and deployment settings for their developers along with a large online following for support sites, this would help me greatly in the development stages of the application .
The two games engines that I felt would be the best fit were Unreal Engine or Unity3D due to their capabilities and useability. Unreal Engine 4 has stunning graphical capabilities whereas Unity is a more advanced platform with a much larger support base and tools available.


Unreal Engine 4
Unreal seemed to be the correct choice for the applications development with its graphical realism that was key to delivering Diamond Centre Wales ideal experience and how accurate to real world the jewellery should look in the application. However, when I had researched what it could offer and how the designs would work, I discovered that the Augmented Reality support for Unreal Engine was fixed only to ARKit for iOS and ARCore for Android, this determined that either:
a) Only one platform could be developed either iOS or Android
 or

b) The amount of functionality that could be delivered would be reduced as I would need to write separate code for each platform making the development very time extensive and cumbersome. 


These restrictions would limit the functionality and user availability so I decide to research how Unity 3D would work for the application.





Unity


At the time of this application’s initial development Unity3D was not as well known for its graphical realism, However, it did offer integration of several Augmented Reality solutions and could be built for cross-platform deployment without having to build different code base programmes.
Unity3D had recently also started to support Physically Based Shaders (PBS). This was intended to simulate the interactions between materials and light in a way that mimics reality. I was able to approximate the metals and stones to a required level of realism that worked for the virtualisation of jewellery, so Unity3D became the games engine of choice and development continued.


Application Design
The applications colour choices and menu layout were designed to be in keeping with DCW’s brand. Therefore, Futura has been used throughout with the use of capital case for headings. A dark colour scheme has been used with highlights of red for buttons and action points.


User experience-
The user will be able to open the application on a mobile device
Enter the design screen and select and scroll through different types of jewellery categories including Rings, earrings, pendants and bracelets.
Once they have selected their category, they can select different components i.e., shank, head, stone-type, claws, extra stones etc 
Once the user has designed their ring, they can save it to their favourites section on their account if they have set one up so they will be able to view it in AR through the device’s camera in real time on their hand.
The user will then be able to select their ring size, add any additional notes and get a price generated for their design they will then have the option to enquire further, book an appointment or order the selected design.
When the user sends the enquiry or design order, the company will receive all the relevant details to create the design to the user’s specifications.


Naming
It was noted during user testing that displaying the name of each piece of jewellery might be useful to the user and Diamond Centre in referring to rings 

Textures
Initially the Legacy Shader/Reflective/Shader was used to create the metallic textures, here a cube map can be used to provide the material with a projection of the surroundings it would reflect. This solved the issue of not having geometry to reflect light from and delivered a fair approximation of the metals required. Below are screenshots of the shader settings and in-game appearance of a ring using the gold version of our initial material:

[image: ]
Figure 11: Gold
[image: ]
Figure 12: Shader settings

This shader produced a mediocre approximation of gold and was processor intensive so alternative shaders were explored to best capture the precious metals.

[bookmark: _Toc532297119]Using Physically Based Shader
Physically based shaders work by accurately mimicking how light reacts to objects, without 3D geometry in the scene there was no obvious way of replicating how the ring material would react to light bouncing off the geometry when there was none. While adding 3D geometry to the scene was an option this would mean that the user would be able to see the 3D objects, which was undesired, and the app would have to render 3D object that would have no use.
In order to circumvent the issue of having no scenery the Unity settings for lighting were altered:
[image: ]
Figure 13: Lighting

By setting the environment reflections to a cube map, all shaders in the environment would react as if the cube map were part of the scene and so reflect light accordingly.

Using this alongside the default Physically Based Shader, with specular setup produced the following result:

[image: ]
Figure 14: Gold dragon ring

Below are the final settings used:
[image: ]
Figure 15: Final light settings



Using this technique, we were able to create the following metal materials:
· Gold
· Rose Gold
· [bookmark: _Jewel_crafting]White Gold
[bookmark: _Toc532297120]Jewel crafting
Creating materials for gemstones presented a completely different issue, light refraction as opposed to light reflection became the issue. Fortunately, thanks to Unity’s diverse asset store it was possible to obtain a shader that was designed to be used for computer game representations of gemstones, “Gem Shader” https://assetstore.unity.com/packages/vfx/shaders/gem-shader-3. 

By comparing samples, we have in stock at DCW I was able to modify the settings of the shader to produce the following gemstones:
· Amethyst
· Aquamarine
· Black Diamond
· Diamond
· Emerald
· Pink Sapphire
· Ruby
· Sapphire Yellow Diamond

Of all of the above, diamond was the trickiest to approximate, the occlusions of a diamond result in bright sparkles of coloured light. Although I attempted to edit the cube map that the gem shader uses to imitate light refractions the changes that we made resulted in an effect that was a disco of large light blocks as opposed to the concentrated bright sparkles that are indicative of diamonds.

Currently the user is able to manipulate the textures of 3 parts of the jewellery in 3D view. A suggestion for incorporating many additional customisable options for the jewellery is to create a side scrolling view where all textures for ‘stone’ for example, are shown as an image. Then swipe across to change textures for ‘Other Stones’ etc. This would mean there could be any number of customisable elements and it is also easier for the user to select which texture they would like as they can see and compare all materials next to each other.
I have developed a test example of this approach for DCW’s Bareesha line of jewellery as you can see from the images below the user is able to scroll through select pieces of jewellery attachments, customise those parts and add them to the Braeesha chain, creating a truly unique piece. 
[image: ]
Figure 16: Bareesha
[image: ]
Figure 17: Bareesha continued 
[image: ]
Figure 18: light/ Dark
Light/Dark Mode
Noted during testing was that the rings could be shown off better on a lighter background. Our suggestion would be an option to toggle between a dark and light environment. This would help the user understand how their ring would look in different lighting.

Favourites
It was decided that users could save jewellery in a Favourites folder to make navigating back to previous viewed item easy and intuitive. This will also help users to build collections that they liked and make them available for future purchases.

AR Marker
Initially I used an AR marker to incorporate the applications tracking ability. The ability to download a printout of the AR marker directly to the user’s phone was proving to be a very cumbersome process for users who have little or no experience with AR to start using the functionality correctly with acceptable results.

The correct use of the AR marker by the user is needed for the AR functionality to work. This is something which had to be considered before a full release of the product for example, possibly I would have to implement some text displaying on screen if the camera does not pick up the AR marker for 5 seconds upon loading up AR view on how to correctly position that marker.



AR marker optimisation guide


How to optimise user experience and AR marker interaction.

The AR marker needs to be printed in clear black and white, on plain white A4 paper. 

To function correctly the AR marker must remain flat and directly face the devices camera.

To help stabilise the 3d generated AR image it is recommended that the user holds the marker approx. 30 cm from the device’s camera.

As the user moves, the AR 3d image will do so too. Therefore, the more stable the user is able to remain the better the image will appear and not appear to shake/move.

A stable lighting condition is required, in addition the user needs to ensure the devices camera can clearly see the AR marker without glare from bright overhead lighting.
[bookmark: _Toc532297110][image: ]
Figure 19: AR Marker

The use of a marker was eventually scrapped in favour of a smarter marker-less hand tracking to keep the application light and the user experience refreshing and easy to use. 

Project Plan for marker-less implementation 
The following list outlines key milestones in achieving marker less tracking:
· 1 - An effective and user-friendly interface that is suitable for real-time interaction.

· 2 - Fully automated detection and recognition of hand. Upon launching, the app needs to be able to detect the user’s hand instantaneously and also recognise whether it is the left or right hand.

· 3 - Fully automated ring position estimation and tracking. Specifically, no fiducial marker is to be used on hand. Ring finger may be automatically recognised and the correct position for the jewellery should be automatically determined.

· 4 - Semi-automatic ring position estimation and tracking. Investigate an alternative approach should the fully automated solution is not feasible in real-time. To alleviate computational burden, a semi-automated approach may be adopted, i.e., the user would indicate which one is the ring finger and ring placement position through basic interaction with a 2D graphics. Alternatively, a server-based approach could be adopted for the computational burden.

· 5 - Hand position and orientation estimation and tracking. Reliable estimation and tracking of the relative orientation and position of hand to the moving camera, i.e., mobile phone, are the key challenge and single most important technical element of this project. Tracking mostly likely will be carried out via detection. Advanced and efficient neural network-based methods should be the focus.

· 6 - Automated ring positioning and virtual reality rendering. Based on the results from hand position & orientation estimation and ring finger estimation, ring placement can be automatically computed. VR rendering can then take place. Advanced VR rendering may be adopted, particularly given that it is focused on the latest iOS platforms.

· 7 - Validation & App deployment. The mobile is thoroughly tested in collaboration with the DCW team and ready to be deployed in app store. The testing and validation will be carried out various stages of the project - details of which are given below. 


Fully automated hand detection and recognition. 
Using state-of-the-art machine learning techniques (such as U-net), a mobile friendly deep learning driven hand detection method is developed and integrated in the app. Robust testing is taken place to ensure optimal computational efficiency and robust performance. 

[image: ]
Figure 19b: Hand detection left
[image: ]
Figure 19c: Hand detection right


Fully automatic and semi-automatic ring position estimation and tracking. 
Investigations are carried in order to whether a fully automated approach is achievable. Based on my experience It is very likely that this is achievable with efficient neural network models. Alternative but computationally more economical models will be investigated should the computational cost or battery consumption becomes an issue. Extensive testing, including validation with the client, are carried out and the functionality is integrated in the app. 



 Hand position and orientation estimation. 
The state-of-the-art mobile device is used in the app development in order to use iOS advanced hardware, including LIDAR and machine learning computing chip. Previously developed neural network models are repurposed for this task, but specific changes are made to ensure efficiency. This functionality is integrated into the app and is extensively tested and validated. Constraints and limitations are accommodated in the app. For instance, flat hand position (i.e., straight fingers on flat surface) may be directed to the user. 

Automated ring positioning and virtual reality rendering. 
This step is relatively straightforward with existing packages on iOS and my prior experience in VR. A fully working app should be in place at this stage. 

Validation & App deployment. 
A final thorough testing and validation phase is carried out along with user studies and feedbacks sessions to further improve the app, particularly in terms of user interface. The mobile version is then ready to be deployed to App Store.

Handling data
In order for DCW to publish designs to their users some form of user authentication and data storage would need to be setup in order to link the user with their bespoke jewellery design.
Google Firebase is a platform that provides storage and user authentication functionality and integration with Unity is fully supported cross-platform.

A Google Firebase project was set up so Firebase could be integrated into the DCW AR app so that DCW could easily upload any new 3D jewellery designs onto the storage capability that Firebase offers so any users of the mobile application would be able to see their personal designs on their account for viewing.
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Figure20: Data structure

1. The user enters a username and a password into the application. The application will then send the user details to the Google Firebase database for its authentication.
1. Google Firebase will then authenticate the new user and send them a confirmation email.
1. The application will requests all the designs requested for viewing by the user.
1. Google Firebase storage will then send the requested jewellery designs to the user

For more information on how data is stored and used by the DCW AR app please see Data Storage, Parsing Objs and Metadata in the technical section below.
[bookmark: _Toc532297111]Augmenting Reality

Initially a user/ front facing camera was requested so that users could view jewellery such as pendants or earrings on their self. This was implemented but Vuforia binds the use of motion and rotational tracking to rear facing camera only. It was decided that better tracking was a priority over front facing camera.
[image: ]
Figure 21: AR Hand View

For more detail on how IU used Vuforia engine to provide Augmented Reality support see Using Vuforia in the technical section below.

[bookmark: _Toc532297112]Adding a Catalogue
A full catalogue of existing designs was added to the application made up of old designs created by DCW as a by-product of the design and creation phases already in place. This meant no extra time had to be accommodated for by designing assets for the application as DCW already had the on its server. At the end of development, the application had several categories consisting of-
· Engagement rings
· Wedding rings
· Men’s wedding rings
· Eternity rings
· Pendants
· Earrings
· Bareesha
· Halo Rings
· Three Stone Rings 

The focus of the app was initially rings, in particular engagement rings, this was quickly built upon and expanded into 12 differing sections of different jewellery. The AR application could be used by potential customers to select their engagement rings and even match those designs up to their future wedding rings then save those designs to their favourites section on their accounts. Users are able to scan their existing jewellery at DCW and that scan can then be put onto their applications account where they may then match up any new jewellery to their existing pieces.
[bookmark: _Toc532297113]Getting in touch
Users are able to contact DCW with an in-application button that has been included in the 3D viewing section. That button will then open an enquiry form. The user can fill that out with ring size and metal karat required along with any additional details. It will automatically attach an image of the design they have created and send DCW an email containing all relevant details from the user so they may contact and assist further or complete the sale for the design items.

[bookmark: _Creating_metals][bookmark: _Toc532297114]For more information on how to change the email address that the email is populated with please see Changing Email Recipient in the technical section below.
Testing
This mobile app allows the customer to view a catalogue of rings, select a ring, and project a fully rendered 3D model of the ring onto their finger. They can also save the customised ring in their account or in the photo gallery for future reference. Several different types of testing scenarios have been carried out to ensure the application meets all standards required and performs as expected. The following testing methods were adopted: -
· Design / usability
· Functionality
· Usability 
· User experience 

After the prototype was built out for phase one, testing was carried out at DCW with members of the team including sales staff and designers. This testing phase enabled me to discover any user issues or bugs. The testing was mainly focused on the screen designs, layout, usability, and appearance.

The second stage of usability testing was conducted at DCW’s showroom to find out the consumer's feedback. Four staff participated in the testing. Each staff member took approximately 20 minutes to use the application, with all staff members having no previous knowledge of the application. The user experience data was collected for analysis purpose and for further development. The following points were identified from the feedback: 

· App loading up process was very slow and include a progress message
· Font size was too small
· No way of knowing that 3D effect is present
· Unable to change the shank colour of the ring
· Not all birthstones were available in the list


After the bug fixes, retesting was carried out at DCW with a wider audience, the DCW staff members.  Aside from the above, the users liked the app, and were very keen to know more about it. All in application designs were fully tested along with all of their components to ensure every model responded as expected and there were no glitches of unexpected results. Please refer to Appendix Five: App Quality Check for the full detailed report of what was found during testing.

Third stage testing was mainly focused on the AR feature of the app within the DCW R&D office. During the testing these bugs were identified:
· Presence of a zoom in and zoom out feature on a ring
· Display a message how to manipulate the 3D effect of ring to view in different angles 

After the additional bug fixes, a final stage of testing concentrated on the AR and 3D view. A satisfactory testing was conducted on the full functionality of the app. A full regression test was also carried out to test the product.

Future recommendations for the product were as follows: -
· Bangles options can be added
· Background colour will be reflected depending on the type of the ring select by the user
[bookmark: _Toc532297116]Technical Section
[bookmark: _Toc532297117]Creating metals
Assuming that Unreal Engine would produce the most accurate visual representations of metal was a blessing in disguise - it meant that when it came to creating materials in Unity there was a known benchmark to work against.
In order to approximate a precious metal, it was important that the material appear metallic, a key component of this was the reflections that the metal would produce with light. 
Within the DCW application a gallery view would be implemented to allow users to manipulate a piece of jewellery. This view would represent a gallery with spotlights focused on the jewellery item to give the user the best possible representation.

In-engine the gallery view is an empty scene aside from a floor, the jewellery piece and the spotlights. With no scene items to reflect the light there would be nothing for the ring to reflect and so the metallic shine would not be visible unless surrounding items could be artificially created.

[bookmark: _Data_Storage][bookmark: _Toc532297121]Data Storage
DCW AR application uses Google Firebase to store data. An app has been set up on the DCW Firebase account that abides by the following structure:

[User email address] / rings. Json, {ring objs}

[bookmark: _Toc532297122]Adding designs to a user account

In order to add a new design against a user account I followed these steps:
· Open the folder that corresponds to that user’s email address (create one if required)
· Upload any new jewellery design obj files
· Download the rings. Json metadata
· Modify the rings. Json metadata file to reflect the new addition [see Metadata for more details]. Note: Make sure that the version number of the metadata is changed, and the jewellery is named correctly
· Delete the old rings. Json file
· Upload the new rings. Json file into the user’s folder
[bookmark: _Parsing_Objs][bookmark: _Toc532297123]Once the user logs in to the DCW app the app will retrieve the custom designs.
Parsing Objs
In order to present the designs in-app the .obj 3D model file needs to be parsed in real time by the app. As wavefront .obj files are only somewhat standardised, a lot of time was spent experimenting on parsing the .obj files into in-game 3D assets.
Eventually the Unity community proved to be the best answer, Simple .OBJ from the Unity asset store was able to provide the functionality to import .obj files accurately:
https://assetstore.unity.com/packages/tools/input-management/simple-obj-22195
However, this has not been altered to accept FBX file format as the general rule is that FBX files are three times smaller than OBJ files, enabling the application to hold more designs, be faster and more responsive over a larger range of devices while keeping the whole application size smaller even though it contains many more designs in its catalogue that initially expected.
[bookmark: _Metadata][bookmark: _Toc532297124]Metadata
[bookmark: _Expanding_the_catalogue]In order to define the materials used for different parts of the jewellery and to handle version control for the designs available to the user I have incorporated a metadata structure that is stored on Firebase and pulled into the app on login.
When this metadata is received the version number is compared and newer versions copied locally.
From the most recent metadata, the app will look for local object files whose name matches the ring name specified in the metadata. If no local object file is found, then the app will pull the object files from Firestore.
Local object and metadata files are stored according to the platform, using Unity’s Application.persistentDataPath.
Each user has their own folder, named their email address, and all metadata and object files are stored within this folder to arrange them in such a way that users can only access files that are relevant to the logged in user.
Once the object file has been located / downloaded the app will parse the file and load the 3D model into scene. See Parsing Objs above for more information.
[bookmark: _Toc532297125]
Metadata Structure
The structure of the metadata describes which rings are available to the user and which materials should be set on the jewellery when viewed in-app.
Below is an example metadata file containing two designs:
[image: ]
Figure 22: metadata

As we can see there are two jewellery piece designs, 01.obj and 11.obj.
11.obj has the “White Gold” material set on the head and shank and “Ruby” set to the main stone.
Currently the app supports defining default materials for metals and stones additionally.
This is translated in-app as a naming convention applied to the 3D models, any part of the object that has been named Head, Shank or Stone will have the material named in the metadata to match the metadata entry. Parts of the object named Other will have the stones material and any other name will use the metals material.
Note: When setting material values in the metadata, please ensure that the name of the material is matched perfectly to the value in the metadata.

[bookmark: _Toc532297126]Expanding the catalogue
The catalogue of jewellery has been created in such a way as to make it as easy as possible to expand the number of pieces in a category and the number of categories available in the app.
[bookmark: _Toc532297127]Adding a Category
In order to add a category, the category must be one of the values in the “RingCollections” enumeration in Assets/Scripts/UI/CollectionView/CollectionPanel.cs.
On hand over the enumeration contained the following categories:

· Engagement
· Wedding
· Men Wedding
· Eternity
· Earring
· Pendant
· Bracelet
· Dress

To add additional categories, extend the enumeration by adding more entries.
[bookmark: _Int_uXyfN4tY]With an entry in the RingCollections, add a RingOption prefab (from Assets/UI_Prefabs)  to the CollectionView scene, under Canvas/CollectionView2D/Panel/Collections (alternatively copy and paste one from the above location).
[bookmark: _Int_EzBvRxxm]The RingOption prefab has an On Click () method in the button script (see below), drag the “Canvas” gameobject onto the empty script location (1), select CollectionManager/ShowCollection from the drop down (2) and enter the index of the collection from RingCollections.


[image: ]
Figure 23: Onclick event

With the category added, expand the height of the “collections” UI panel (Canvas/CollectionView2D/Panel/Collections) by subtracting 205 from the “Bottom” value (e.g., -205 -> -410) so that the scroll panel can scroll down to see your new category.

[bookmark: _Toc532297128]Adding Jewellery to a collection
In order to add jewellery to a category, first ensure that there is a folder for that category, that matches the “RingCollections” enumeration name, in the Resources folder (Assets/Resources) if not then create one. Paste all images into that folder, select all images and set their import settings to Texture Type “Sprite (2D and UI)” and Max Size to 512:

[image: ]
Figure 24: Adding jewellery 

Next paste the .obj, 3D objects files, into the folder. Ensure that the objects and images are named the same.
[image: ]

Figure 24b: Catalogue images 
[bookmark: _Toc532297129]
Adding / Removing materials
The materials used in the gallery view are dynamically loaded from resources so adding new material options is fairly straight-forward.
[bookmark: _Toc532297130]Metals
In the DetailView scene (Assets/Scenes/DetailView), navigate to Canvas/MiddlePanel. In the Unity inspector, under the Ring Manipulation script there is a Metal Materials list. Change the Size value to increase / decrease the number of entries required.
[bookmark: _Toc532297131]Each entry must be assigned a material. Materials added here will automatically be added to the app.

Stones
In the DetailView scene (Assets/Scenes/DetailView), navigate to Canvas/MiddlePanel. In the Unity inspector, under the Ring Manipulation script there is a Stone Materials list. Change the Size value to suit the number of entries required.
Each entry must be assigned a material. Materials added here will automatically be added to the app.
Note: when creating the material, ensure that the name of the material matches the text that you would like to appear in the options on-screen.

[bookmark: _Changing_Email_Recipient][bookmark: _Toc532297132]Changing Email Recipient
In order to change the email address that emails from the gallery are sent to modify the EMAIL_ADDRESS const in DetailManager.cs (Assets/Scripts/UI/DetailView/DetailManager.cs).
 
[bookmark: _Using_Vuforia][bookmark: _Toc532297133]Using Vuforia
[bookmark: _Toc532297134]Experimenting with markers
[bookmark: _Toc532297135]Deploying & Publishing
In order to deploy to a local device, the Unity project must be set to the correct platform. In the Unity editor open File > Build Settings… the currently active platform will be highlighted in the platform list:

[image: ]
Figure25: Build Setting showing Android as active platform

In order to change platform, select the desired platform from the list and select “Switch Platform”.

[bookmark: _Toc532297136]
Building for Android

Selecting “Build” from Build Settings, with Android as the selected platform, will bring up a save dialog. This is where Unity will generate a .APK file. Once this is built, to transfer to an Android device, copy and paste the .APK to the device’s file system (device will need to be plugged in via data cable and be in developer mode [how to do this depends on device and OS version]) and then open the APK on the device.

[bookmark: _Toc532297137]Building for iOS
Note: In order to build for iOS an Apple Mac, XCode (free on the App store) and CocoaPods (free from https://cocoapods.org/)  are required
Selecting “Build” from Build Settings, with iOS as the selected platform, will bring up a save dialog. This is where Unity will generate the XCode project from which to build the app.
Unity will create a Podfile in this directory. Using CocoaPods, open the Podfile. By default, Unity has set specific versions of the Firebase modules that it wants installed. At time of writing CocoaPods did not support the versions set by Unity so modify the Podfile to match the following:


[image: ]
Figure 26: CocoaPods

By removing the versions of the Firebase modules, CocoaPods will pull the latest versions of these modules. Once the file matches the above clicking "Install” will install the modules and create a workspace in the same directory as the podfile.
Open the workspace and select the Unity-iPhone project. Set the deployment settings, select the desired device from the build target drop down and click the build button to build to that device.

[image: ]
Figure27: XCode workspace selecting device and provisioning


For more information on deployment settings and provisioning profiles see the following:
· https://medium.com/@abhimuralidharan/what-is-a-provisioning-profile-in-ios-77987a7c54c2
· https://blog.theodo.fr/2017/02/a-beginners-guide-to-ios-provisioning-profiles/
· https://stackoverflow.com/questions/3362652/what-is-a-provisioning-profile-used-for-when-developing-iphone-applications


[bookmark: _Toc532297138]Deploying to Android Play Store
In order to deploy an app to the Google Play store a Google Play developer account is required. Sign up here:
https://play.google.com/apps/publish/signup/

A registration fee of $25 is required for a developer account. Once signed in, follow the instructions at:
https://support.google.com/googleplay/android-developer/answer/113469?hl=en-GB



[bookmark: _Toc532297139]Deploying to the iOS App Store
In order to submit the app to the Apple App store a developer account is a requirement. Enrol here:

https://developer.apple.com/programs/

An enrolment fee of $99 is required for an Apple developer account. Once this has been set up, the following resources can be used as guides on submitting the app:

https://developer.apple.com/ios/submit/

https://developer.apple.com/app-store/resources/

https://developer.apple.com/app-store/submissions/

Apple are notoriously strict with app store submissions. Each submission is reviewed before being accepted onto the store and the guidelines can be applied stringently or leniently depending on the reviewer. App store review guidelines are available here:

https://developer.apple.com/app-store/review/guidelines/






Conclusion 


[image: ]
Figure 28: Ceric main logo


The project is still currently under development and will continue its development journey far into the future so the software remains relevant and useable through continual updates and support.  As there is no current end date as the project will develop with technology advancements and will be maintained and updated with current software and hardware as it becomes available. This project is an advancement and adaption of current available software solutions that enable distance retail and design optimizations. This project utilises an interactive Augmented reality application and has many implementations across different platforms and smart devices. This project is currently being used in a retail setting at Diamond centre Wales (DCW) for design alteration and mass customization of jewellery and other wearables. This project goes beyond current software offerings by using augmented reality along with 3D imagery to create a unique user experience that current software applications do not offer as a whole solution. This project offers a vast catalogue of items that can be manipulated by the user to create a unique piece of custom jewellery. The designed item can then be saved and shared by that user to our design and CAD team for creation into a real piece of jewellery. In addition, this project offers a hand tracking solution that will track the finger of the user and place the item on it, in augmented reality, through the smart device's camera.  This offering is technologically far beyond what is currently available.

[image: ]
Figure 29: Ceric Hand



The project uses Unity's games engine and its cutting-edge 3D image technology paired with the latest Augmented reality solution. A neural network built from open-source technology, that is being used for the hand tracking ability to enable the users designs to appear on a selected point of their hand/ finger. By viewing on a smart devices camera through AR, the machine learning algorithm, linked to a Python library will give the user the ability to view items and edit the metals and stone types then enter finger size, stone carat and enquire about their chosen design thus greatly reducing the design teams involvement and making the user more engaged with their bespoke piece of jewellery.
This project offers a distance retail and design solution that will save the user and the company time, money and resources by saving design time, material usage and manufacturing costs whilst also reducing the need for the user to travel to location on multiple times to undergo the conventional design process.
[image: ]
Figure 30: Ceric menu shots


At the start of the project other applications available to the industry only utilized standard .JPG/.PNG images for users to view products in a 2D web-based environment with little or no parametric design elements. There was no hand tracking available only image placement or simple overlay solutions. New graphical abilities have enabled this project to produce realistic metals and diamond textures for a true picture of the finished product once designed virtually.

Advancements in computing and processing power have also enabled better graphics and textures to create photo realistic diamonds and metals and to also help speed up load times to create a more immersive user experience. 




Technological uncertainty


In order to develop the project, I have used UNITY 3D games engine as the main platform paired with google firebase in order to store data/ user accounts and bespoke 3D images linked to user profiles. The programming language used mainly throughout the project is C# along with Python, the models are created using FBX along with PNG images for the catalogue items and 3d spaces. Unity linked with Firebase well and was the logical solution for the projects database and user accounts requirements as it is secure and follows GDPR guidelines.

I have developed the 3D design materials to a high standard of realism so that the jewellery looks realistic to a rendered product and fits better in a real-world environment. Also optimizing the applications code that the software runs smoother on more smart devices so it can reach a larger demographic. The ability to add different functions such as a randomizer along with multiple categories that all successfully work together, for the end user to have limitless customizability over many different products and designs.  


The business (DCW) acquired the relevant devices (iPad, iMac and laptops) in order to run and test the project accordingly.
All software updates for the Unity packages were carried out and any bugs found within the code such as incorrectly placed images or renders that needed improving were fixed on a regular basis as to keep the software fresh and usable with a sleek design interface. 
Once all update bugs had been fixed the project was built and run on a testing rig iPad and iMac to ensure the project remained functional so development could continue.
The code base was rigorously tested and de-bugged when software updates were completed, and user testing was carried out over multiple devices and demographics using the projects firebase functionality and crash reporting tools. This combined with analytics gave me a clear picture of any potential issues. 

The challenges faced along the project’s development path included the need to upgrade current hardware available to me, along with upgrading to current versions of software needed and, in doing so, that would throw up issues within the code such as depreciated sections of codebase and changes within X-code, IOS updates and compatibility issues when new mobile operating system updates are in place that would have to be altered to fit with the new software requirement changes that have been included within the updated software packages along with changes to licensing agreements and distribution changes from apple and android market place.
The biggest failure was that of the user difficulty engaging with the Vuforia tracking solution that was in place and how cumbersome it was for an inexperienced person to navigate and use correctly. That has pushed me to move to alter the tracking solution. It is imperative that the app is engaging and user friendly to ensure maximum user adoption in order to maximize the increase sales through digital retail combined with a strong marketing campaign to boost user interaction and sales. 

[image: ]
Figure 31: Ceric user card






Some bugs that have been challenging to fix have been encountered when releasing a new version of the application and building out the platform specific code, sometimes IOS will cause the software to fail without giving a reason or recognisable issue code. This is usually down to external factors such as device cameras require new protocols or the link to firebase needs updating for new policies this has also failed due to new X-code updates and software releases requiring unity to be updated. Another issue was a missing/ depreciated shader with the loading cycles of the application causing the screens to show a pink haze between scenes. It was difficult to discover what was causing the pink issue and took some time to realize what was causing it and remove the problem shader.

To prevent technological uncertainty during the standard project I have conducted case studies along with reviewing and researching current open-source projects that use the same methods or have similar features to the project being developed. However, research into other methods and technologies has shown this project is a stand-alone one-off and there is no current comparison or open-source development available. A full report for this can be found in the appendices section.

Some challenges still remain such as the ability to utilise new emerging device camera technology such as apples new lidar cameras to measure the hand, finger ,ear, wrist etc to better place the 3d object on the user and will need to be overcome in the future as more devices adopt the tech to keep the project relevant and ahead of the market curve as the project is ongoing and with the use of emerging technologies new challenges may arise. Keeping the software up to date and relevant along with market research will aid in overcoming any challenges in the future as incremental changes over the project’s lifecycle will avoid the need for any major radical changes.
[bookmark: _gjdgxs]
The latest changes have been the addition of new sections such as masonic, the update to the favourites feature to accounts where a user can save their creations and designs to a favourite section and the addition of a guest login option. 
The ability to enquire about items through the jewellery box function with the addition of metal karat options and ring size has also been added so the user can choose what they require and then enquire about their creation with an email function direct to the business, along with the messaging function they can send any messages to the business and sign up to newsletters etc.

I have also added the randomise ability where the addition of a randomise button allows the app to make changes for the user, creating unique pieces. As mentioned above I have also moved away from Vuforia, and I am now creating my own software AI solution (neural network) and Python lib to handle the tracking and object placement for the future development needs of the project. I have also removed some shaders and textures and replaced them with newer/ alternate versions creating a better more realistic look for the metals and stones.
Continual development is essential to overcome technological uncertainties and keep the software application relevant in a competitive market. 


CERIC demo video-
https://youtu.be/HAYaG4Pe1aE
Please refer to the attached document, Appendix Two: CERIC User Guide for any information on the structure of the application and how to use and navigate through the menus.


[image: ]
Figure 32: Ceric guide overview



Recommendations and further works



Main Menu-
I have been working on some future design changes and Design ideas and layout by taking my inspiration from google earth layout and a rotational model, a 3d orb menu that a user can interact with and rotate. This more immersive design approach may encourage more of an in-depth experience for the users.

[image: ]
Figure 33: menu updates


Adding navigation buttons to the bottom of the users visual display will make navigation quicker and more intuitive the bottom navigation buttons are made up of- favourites, Home, settings, my account, help menu. However the issue remains on smart devices with regards to screen size and viewing area. It is essential not to clutter the users screen with too many items as this can make interaction complicated and non-intuitive causing users to not engage with the application.





Marker less hand tracking-

I have also researched possible ways to add AI and achieve marker less hand/face tracking if the AI I am implementing should fail long term usability tests or produce poor tracking results.

All below are compatible with all available platforms 
(Hand/ Face)
Media Pipe (Free open source)- https://mediapipe.dev/
Could build on this and optimise the tracking to solve jitter and user 
(Hand/face)
Open Cv (Google open source)- https://learnopencv.com/hand-keypoint-detection-using-deep-learning-and-opencv/
(Hand only)
Manomotion (Subscription based)- https://www.manomotion.com/

Building a Hand Tracking System using OpenCV-
https://www.analyticsvidhya.com/blog/2021/07/building-a-hand-tracking-system-using-opencv/


Alchera Face Hand Detection Unity-
https://github.com/AlcheraInc/Alchera-Face-Hand-Detection-Unity


Media Pipe-
https://google.github.io/mediapipe/solutions/solutions.html


Detecting Hand Poses with Vision-
https://developer.apple.com/documentation/vision/detecting_hand_poses_with_vision



Single Hand Tracking-
https://gitlab.com/JackieNek/single-hand-tracking


Diamond Shader Toy-
https://www.shadertoy.com/view/ltfXDM

Diamond Shader Toy-
https://www.shadertoy.com/view/MtVGDh



Diamond Rendering-
https://bmind.medium.com/cheap-diamond-rendering-e71203292674


Tensor flow-
https://www.tensorflow.org/lite/examples/


TF Lite Experimental Unity Plugin
https://github.com/tensorflow/tensorflow/tree/master/tensorflow/lite/experimental/examples/unity/TensorFlowLitePlugin/


MACHINE LEARNING and AUGMENTED REALITY
https://www.youtube.com/watch?v=Q6ERFwQNkzo


Development 
· Future Features to be added to the project outside the scope of this dissertation are- 
· Smoother Rotation of jewellery: see Google earth for ref
· Categories of jewellery on rotating crystal as Google earth
· Finger ring sizer
· Change AR designs on camera 
· Parametric/customisation/generative Functionality
· Ecommerce 
· Live metal price tracker
· Link to Seculuxe
· night and day mode
· Chest needs implementing and possible refining 
· Upload and test new collections
· 3D body parts- need right hand, rotation needs improving, camera positions could also be improved.
· Get AR to work for Earrings and necklaces
· Add new ear to app
· Windows standalone build for website etc



CERIC Web app-

https://www.diamondcentrewales.com/services/Ceric/















CERIC DOWNLOAD QR Codes

Android-
[image: ]





Apple-
[image: ]







[image: ] 
Sharing
Currently the user is able to take a photo of their ring in AR which saves directly to their phone’s camera roll. My suggestion for future would be to add a new screen after taking a photo where the user can share directly to Facebook / Instagram etc or save to camera roll. Sharing photos of their new jewellery or engagement rings is something people are really excited to share so this screen would prompt them to do so at the earliest opportunity. This could be an excellent marketing opportunity for Diamond Centre Wales.

Further improvements and business user cases-  
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Introduction
The jewellery industry relies on catalogues and digital images to show customers how jewellery will look. The industry has suggested that the digital word is ‘too impersonal and superficial to communicate all the… history and provenance, design and craftsmanship, [and] product and service’ (Holition, 2020). However, augmented reality can enhance can enhance a customer’s experience by providing an immersive experience that allows users to design and virtually try on bespoke jewellery. Furthermore, digital technology will bring the industry in line with more technologically savvy and younger customers, potentially opening up an additional customer base. There are applications on the market today and more apps that can be expected in the future that perform similar functions to CERIC, Diamond Centre Wales’s jewellery app.
This report will present how apps are both similar to CERIC and how they differ, and conclude by offering improvements to CERIC.
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CERIC Competitors
Shop 4 Rings
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	‘Shop 4 Rings’ is owned by Tryon.guru, a Russian based augmented reality (AR) software developers and marketers with 10 years of experience.

‘Shop 4 Rings’ allows app end-users to browse through a digital catalogue of jewellery from multiple retailers. Once the end-users find a particular piece of jewellery they like, they can upload or take a picture of their hand and the app will virtually ‘fit’ the ring to the chosen finger. The end-user can then buy the item by selecting the link that will redirect them to the site for that particular piece of jewellery.

‘Shop 4 Rings’ is a white label app, meaning that the service is provided by Tryon.guru but other companies can rebrand the product to make it appear as if it their own. Using the ‘Shop 4 Rings app’, companies can edit the brand, colour scheme and typeface (font) of the app and upload up to 500 individual products.

Currently the app is only available on Apple’s ‘App Store’ and the app is limited to the end-user viewing rings only, viewing one piece of jewellery at a time. However, Tryon.guru are working on allowing the user to view multiple pieces of jewellery on their photo simultaneously. Furthermore, they are looking to extend their app by allowing users to view bracelets and watches on their wrist.


Say Yes
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	‘Say Yes’, like the ‘Shop 4 Rings’ app, is owned by Tryon.guru. The function of the app for both end-users and retailers is the same as Shop 4 Rings. However, the Say Yes app has a selective catalogue, displaying engagement rings only.

Tryon.guru also supply retailers with floor stands, table kiosks and tablets for customers to try on augmented reality rings in-store.



TRYON Technology
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	TRYON Technology are a Canadian based computer software company that specialise
 in creating augmented reality software for the jewellery industry. TRYON technology was founded in 2017 and are members of the Canadian Jewellers Association and the Jewelers of America.

The TRYON Technology app uses Google’s ‘AutoML Vision Edge - Object Detection’1 technology to allow end-users to virtually try on jewellery in real-time, without the need for a digital marker.

TRYON Technology’s app has yet to be launched, with their website simply suggesting that an app will be available on both Google Play Store and Apple App Store “soon”. Due to the app not being launched, it is difficult to ascertain how the app will work for retailers. TRYON Technology’s promotional video shows that the app will work with a physical catalogue whereby end-users scan a physical
catalogue with a mobile device’s camera which will then display the jewellery in the app with the company brand name at the top of the screen.

It should be noted that the promotional video shows the end-user virtually trying on a ring with their hand against a highly contrasting background and making very limited
hand movements.


Jewelfie
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	‘Jewelfie’ is a division of software company ‘Prorigo Software’, established in 2008 and based in Pashan, India.

‘Jewelfie’ includes an ‘Admin Portal’ plug-in for Shopify, whereby retailers can add the ‘Jewelfie Virtual Tryon’ application to their online Shopify store. Retailers can also ‘manage inventory, orders and prices from a single dashboard’ (Jewelfie, 2019).

The ‘Virtual Tryon’ experience involves end-users taking an image of themselves in portrait and side profiles. The software will use face detection and mapping technology to locate the jewellery onto the images and the end-user can adjust the position of the jewellery to suit. If the end-user creates a profile, they can create and save multiple ‘looks’ to compare jewellery side-by-side. At present, the app is limited to necklaces and earrings.

The software is available to retailers on Shopify, and the end-users on the website and mobile applications from both Apple’s ‘App Store’ and Google’s ‘Play Store’.






Tryaring
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	TryARing is white-labelled web or mobile application created by India- based ‘Reality Premedia Services’.

Retailers can upload their catalogue of rings, with multiple variations, to the platform. End-users will be able to select the ring that they like and customize the product by altering ‘the size of the diamond, the shape, the karat and so on’ (Reality Premedia Services, 2018). The end-user will take or upload a picture of their hand, overlay the customized ring onto the image and use drag and resize the jewellery to preference.

There is a function to allow end-users to add their customized jewellery to a ‘shopping cart’ and buy the jewelllery through the app. The app is currently available on Apple’s ‘App Store’ and Google’s ‘Play Store’.


BMS Innolabs
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	‘BMS Innolabs’ are headquartered in Bangalore, India, but have multiple locations across India and the United States. ‘BMS Innolabs’ provide services in ‘Mobile App Development, Web Design & Development, Augmented Reality & Digital Marketing include Planned Consulting, Innovative Designing and implementation of technical procedures’ (BMS Innolabs, 2015). Clients include General Electric, Jaguar, Emirates and other multinational organisations.

There is no mention of their jewellery app on their website, but their website has not been updated since 2015. The YouTube video of their jewellery application demonstrates someone placing a paper marker around their index finger which the augmented reality ring then follows. The marker runs the circumference of the finger, allowing the end-user to see a full 360-degree view of the ring. Tapping on the app changes the colour of the stones on the ring.

It is unclear whether the jewellery app has been published or whether the company is still operating.




Holition
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	Holition, based in London, was set up in 2007 to bring technology to the retail market. Their customers include retail giants Tissot, Tag Heuer, Da Beers, Cartier, Uniqlo, Vans, Dunhill, Luis Vuitton, Tiffany and Hermes.

The company’s focus, thus far, has been to bring augmented reality into physical stores with ‘virtual mirrors’. However, they previously announced they were working with Bella Luce and Boucheron Paris to allow customers to view jewellery from home (Knowles, 2010). The technology does not seem to be available on either Bella Luce or Boucheron Paris’s websites.

The technology uses a marker to track the jewellery to wherever the marker is placed. It seems as though the
company have continued to only provide in-store solutions rather than mobile or web-based applications.



WANNABY
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	‘WANNABY is building a mass market mobile [augmented reality] platform and tech so consumers can Try-On shoes, jewellery and apparel before making a purchase’ (WANNABY, 2019).

Currently, the company has no jewellery app product on the market but they do have apps on Apple’s ‘App Store’ and Google’s ‘Play Store’ to virtually try on shoes and try out different nail polish colours called ‘WANNA KICKS’ and ‘WANNA NAILS’ respectively.

The company’s customers include FILA, Gucci and more, and they have been mentioned in publishing such as Techcrunch, Esquire Magazine and CNN Business.

It is unclear exactly how the platform works based on information on the company website.




Comparisons

CERIC vs Shop 4 Rings
· Both applications are white labelled.
· Shop 4 Rings is customisable for the retailer to add their own logo and branding.
· Shop 4 Rings uses the end-user’s picture of their hand to ‘try on’ the ring where as CERIC shows the ring in real time using a marker.
· CERIC includes rings, bracelets and earrings, whereas Shop 4 Rings only includes rings (although they do have plans to expand their catalogue to include bracelets also).
· Tryon.guru, the company who developed the app, sell kiosks for in-store use of the app.


CERIC vs Say Yes
· Same as Shop 4 Rings, except limited to engagement rings only.


Ceric vs TRYON Technology
· Diamond Centre Wales and TRYON Technology are specialists, in that they focus primarily on jewellery.
· CERIC and TRYON Technology allow end-users to view the jewellery on their hand in real time.
· TRYON Technology can present the jewellery in real time without the use of a marker by utilizing Google’s ‘AutoML Vision Edge – Object Detection’ technology, unlike CERIC which requires a marker.
· CERIC is currently available on mobile app stores, whereas TRYON Technology has yet to be released.


CERIC vs Jewelfie
· Jewelfie is primarily a plug-in for Shopify, and has already been released on mobile platforms.
· Jewelfie uses end-user’s photos and the technology maps the image to overlay earrings and or necklaces on the image. CERIC displays jewellery in real-time.
· Jewelfie allows end-users to view more than one item of jewellery simultaneously, CERIC is limited to one item of jewellery at a time.
· Jewelfie allows end-users to view different ‘looks’ side-by-side for comparison. CERIC does not allow comparison.
· CERIC allows customisation of jewellery, Jewelfie is limited to independent items of jewellery selected form their catalogue only.







CERIC vs Tryaring
· CERIC and TryARing are both white labelled.
· CERIC includes rings, earrings and bracelets, TryARing is limited to rings only.
· TryARing and CERIC both allow end-users to customise the jewellery.
· CERIC can display jewellery in real time, TryARing requires end-users to take a photo of their hand and then overlay and resize an image of the ring onto their photo.
· TryARing has inbuilt e-commerce, CERIC currently does not.





CERIC vs BMS Innolabs (further information required)
· CERIC and BMS Innolabs use a marker to display jewellery in real time from within the application.
· CERIC and BMS Innolabs have customisation of the jewellery.


CERIC vs Holition (further information required)
· CERIC is a mobile based solution, Holition focuses on in-store technology for retailers.
· CERIC and Holition use a marker to display jewellery in real time.

CERIC vs WANNABY (further information required)
· WANNABY do not have a jewellery application currently on the market despite the website suggesting that they have the technology available.
Conclusion
Based on the information acquired on the companies and their applications as listed above, there is currently no app that does everything that CERIC does or performs specifically the same functions. The apps listed above do not have all the jewellery capabilities or customisation options that CERIC includes. The app with the most similarities to CERIC is Shop 4 Rings by Tryon.guru.
However, CERIC provides real time ‘trying on’ of the rings for which Shop 4 Rings currently does not have the capability. Furthermore, CERIC has far greater expandability of catalogues by provide the ability to include bracelets and earrings.
There are a few improvement suggestions that could be made by reviewing the technology provided by competitors, such as:

· Incorporating Google’s ‘AutoML Vision Edge – Object Detection’ technology to allow the viewing of jewellery without the use of a marker;
· providing an option to view more than one item of jewellery or pairs of jewellery simultaneously, i.e. ring and bracelet, earrings and necklace, etc.;
· allow end-users to save ‘looks’ and compare it with another;
· allow custom branding for retailers;
· provide a buying guide as ‘80% of customers consult the internet before making a purchase’ (Tryon.guru, 2020);
· provide a website plug-in; and
· include e-commerce capabilities.
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Appendix Two: CERIC User Guide
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Diamond Centre Wales Augmented Reality Application
CeriC

Welcome. 
Please use your personal smart device to look through our extensive collection of jewellery.
We have paired technology with our bespoke jewellery making service, to create a virtual experience for our customers to use.
The application allows customers to view and experiment with different precious metals and stone combinations.
Customers are able to view their bespoke jewellery using augmented reality along with interactive 3D models. By viewing their design in such a way, it enables the customer to gain a better understanding of how it will look once completed.
We hope that you enjoy using our unique application and thank you for visiting us here at Diamond Centre Wales.
[bookmark: _Toc23845239]About CeriC

At the Diamond Centre of Wales, we strive to maximise customer experience and to keep up to date with modern technology.
As a result, a natural progression for us was to provide a technological solution so that customers are able to create their own perfect product. Therefore, the idea for the CeriC app was centred around the customer. CeriC provides the customer with inspiration and a platform from which to bring their ideas to life.
Deciding on jewellery can be difficult, often it is hard to take an idea and put it on to paper and picture how the jewellery will look in ‘real-life’, or even how the jewellery will look on a particular person. Using the app, the customer can browse through a collection of jewellery for any occasion and customise it to suit their preferred design.
With augmented reality (AR) the customer will even be able to see how the jewellery will look on themselves in a real-world view, through use of the CeriC app and the devices camera.
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Appendix Three: CERIC DCW/ CEMET Paper
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Appendix Four: DCW Company structure and Projects 
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Appendix Five: App Quality Check
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Proceedings of the 25" International Conference on
Automation & Computing, Lancaster University,
Lancaster UK, 5-7 September 2019

An Augmented Reality Application for
Personalized Diamond Shopping
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Abstract- This paper presents an Augmented Reality (AR)
application (app) developed for bespoke jewellery solutions. The
app allows users to experience a visual representation of
diamond rings through their mobile device. This means that
customers could design and review their bespoke jewellery
without having to visit the jeweller shops and jewellers could
communicate changes in real-time, so saving time and money.
Adding AR would allow customers to view their bespoke
jewellery in place and therefore gain a better idea of how it
would look once completed. The AR app was tested with 27
participants and their feedback was taken in the form of
questionnaires. Exploratory Factor Analysis has resulted in
four factors (compatibility, likeability, functionality and
usability). Further analysis showed that survey participants
appreciated the use of AR app regardless of their gender, age
and experience.

Keywords- diamond jewellery; augmented reality; bespoke
shopping; system usability

L. INTRODUCTION

With the rapid development of technological solutions in
the 21* century, shoppers expect tailored made solutions that
cater to their specific need. Shoppers have become more vocal
about their specific requirements in the manufacturing of the
products, especially in relation to something as personal as
jewellery. The creation of bespoke jewellery gives shoppers
the opportunity to capture stories that are personal to them.
The current process uses modern 3D design and printing
techniques alongside traditional metalworking practices to
create bespoke jewellery pieces. There is scope to improve
this process of consultation, crafting, evaluating and refining
of jewellery. At the beginning of this process, clients tend to
have an idea for an article of jewellery but their concept can
change when they see their ideas being realised. The process
of making this jewellery can often be expensive and there is
little alteration that can be made when it has been created.

Our world is becoming more digitised; this has caused a
significant shift from the real world (reality) to the virtual
world, and this wind of change has also affected shopping.
There is a paradigm shift among shoppers preference for
online shopping as opposed to the high street. These changes
along with the logistical efficiency among the online retailers

have given shoppers less incentive to leave their houses.
However, jewellery e-stores have struggled to attract online
shoppers as the experience of buying them are more personal
to an individual. These difficult faced by jewellery e-stores
include: letting the customers try on their products online,
difficulty visualising 2-D items and the inability of 2-D items
to provide shoppers with a real sense of looks, sizes and
product details. The outcome of jewellery shopping online can
often leave a negative impression of the product. However,
combining Augmented Reality (AR) with the existing 3D
design models can mitigate these challenges. This will enable
the clients to visualise their jewellery, judge how it looks on
them before it is produced.

AR is “a technology that superimposes a computer-
generated image on a user's view of the real world, thus
providing a composite view” [1]. It bridges the gap between
virtual reality and the real world, and it is popularly used in
the visual art, commerce, archaeology, military, navigation,
architecture, medical and flight training [2]. There has been
increasing attempts over the last few years on the adaptability
of AR into the jewellery business, yet the challenges of AR
integration with traditional jewellery making methods,
development costs, maintenance and resistance to new
technology are still there [3].

AR has the potential to assisting shoppers in designing
their own bespoke products and have a virtual sense of how it
will look on them before the approval of their design. More
50, the in-store jewellery selling can be changed through AR
equipped screens, mirrors and dressing rooms. Such tactics
will attract and impress more jewellery shoppers.

Recently, modern smartphones do have the capacity to be
used as an AR application (app) platform. The Massachusetts
Institute of Technology (MIT) has named mobile AR as one
of the top 10 emerging technologies [4]. It is estimated that
more than 2.2 billion AR-enabled smartphones are there in the
market. This huge growth has opened new research
possibilities in education, business and creative sectors [5].

Therefore, this study proposes a cost-effective, easy to
maintain AR application for delivering bespoke jewellery to
the shoppers. The application was designed to provide
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consumers with more realistic product experience and
encourage user engagement in the ring design process. The
AR application has many scenarios including a selection of
rings, putting a diamond of your choice on the ring, colour and
shape selection etc. The shoppers are able to visualize their
bespoke jewellery designed ring on their finger via a
smartphone. Once the shoppers are satisfied with their design,
they can then place an order. The system implementation was
followed by user testing in which 27 people participated in
evaluating the AR app. They provided their feedback in the
form of filling the questionnaires after the experiment. The
overall results indicate that user enjoyed their experience
using the AR app. Additionally, no previous studies have
focused on the usability side of AR experience from jewellery
shoppers. Hence, this study also aims to investigate the user
perception of shoppers creating their own bespoke jewellery
with the aid of AR.

This paper is divided into six sections. Relevant work to
the current research is summarized in section 2. The research
methodology is represented in section 3. The AR app
prototype is explained in section 4. Data analysis and
discussion are presented in section 5. Finally, conclusion and
future work are discussed in section 6.

II. RELATED WORK

This section aggregates knowledge about relevant work to
the current study. The concept of AR has been there for many
decades; however, it has gained importance in recent years
due to technological advancements. The following examples
highlight how different sectors have benefited from AR.

A. Education

AR-based learning has been applied in education for
aiding the delivery of lessons in several subjects. An example
includes’ the use of AR in astronomy class for learning the
relationship between the sun and earth. The AR system used
3D rendered sun and earth shapes to teach students about their
relationship with each other [6]. In biology study, AR has been
used to display 3D models of the human organs to students in
real classrooms. This enhances the students’ knowledge
acquisition in the subject area [2]. The SMART (System of
Augmented Reality for Teaching) is an educational app
developed for teaching school students about the differences
in animal types and different modes of transportation. The app
used 3D models of different animals and transportation
mediums so that students can understand how animals such as
amonkey, dog, elephant do differ from each other and how to
transport mediums such as a car, bus, the aeroplane differ from
each other [7].

B. Museums and Cultural Heritage Sites

In recent years, museums and cultural sites have
experimented with the use of AR in their premises. About
35% of the museums in Europe have incorporated AR and
Virtual Reality (VR) apps to enhance their visitor’s
experience. Visitors can use their mobiles phones for
navigation, orientation and interaction with the museum
collections [8]. In another interesting experiment, the

researchers combined historical photographs with information
about a historical street in an AR app. Their experiment results
yielded positive feedback from the testing participants as this
experiment helped them to get more information about the
historical street and made their visit more fun-filled [9].

C. Industrial Maintenance

AR has already been applied in manufacturing, military
and industrial settings to help the workers with their regular
maintenance activities. For example, military staff can
perform their maintenance activity in a bulletproof vehicle
conveniently and safely with the help of AR app. The AR app
will use labels, texts and arrows to guide workers in carrying
out their task. [10].

D. E-Business

Recent research has shown the worth of AR in e-business
as with the new generation of consumers (i.e. Millennials),
novel methods in sales are crucial to keeping the business up
with the times [11]. AR has been tried through virtual fitting
rooms to aid customers in their selection of items they do like.
As customers are able to try the item on virtual avatars to
inform their decision in purchasing the item [12].

E. Jewellery

A recent study enhanced traditional jewellery with the
help of 3D models. They referred to this as smart jewellery.
The researchers presented a prototype of the 3D assisted
necklace to a number of test participants online to inquire
about their perception of smart jewellery. The results showed
that the participants appreciated the idea of integrating
traditional jewellery development methods with the latest
technological solutions. However, the smart jewellery
research field is still underexplored and there is a need for
further studies to investigate this research area [3].

INOVA Diamonds have developed an app that can be used
online and in-store, which helps the customers to design their
own rings. The customers can then take a photo and try the
selected ring on a static photo of their hand. The INOVA
Diamonds app is not AR as it only supports a static photo of
the hand [13]. On the other hand, Diamond Hedge recently
launched “liveAR” app in which customers can try diamond
rings on their fingers. However, there is no capacity for
developing a bespoke solution [14]. Besides this “Say Yes”,
“Shop4Rings” and “CaratLane” are examples of other apps
helping customers to try rings on their hands through AR, but
these apps also lack the capacity that enables the user to create
bespoke ring designs [15]. Therefore, this paper developed an
AR app that enables users to create their own designs and try
it on their hand via AR.

Additionally, most of the literature review has focused a
lot on the designed without much focus on the user experience
[16]. In the case of wearable jewellery, investigation of user
experience becomes more important as jewellery items are
visible to the public and are connected to the image of the
individual wearing them [17]. Therefore, the investigation of
the users’ point of view is an open research area awaiting
exploration [18]. This study also explored the user experience
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for users creating and trying on their bespoke jewellery design
via a mobile AR app.

III. RESEARCH METHODOLOGY

This section describes the details and steps of the research
methodology used for this study.

A. Study Design

The study design started with workshops sessions with
experts in the diamond business. These workshops helped to
elicit the system requirements which defined the scope of
work. Prototyping approach was used to develop the AR app,
which involved the experts in the field throughout the
development process. A user perception questionnaire was
developed with the help of literature [19] and ethical approval
was obtained from the Faculty of Computing and Engineering
research ethics committee.

B. Data Collection

The data collection was carried out over multiple sessions.
In total, 27 participants (17 female and 10 male) took part in
the testing phase. The data collection part was structured as:
e Participants gave their consent to participate in
the testing activity.
e The purpose of the AR app explained to the
participants.
e Participants had a chance of hands-on experience
with the AR app.
e Participants generated ring designs based on their
own choices.
e Afer testing, participants filled questionnaires
related to their perceptions of using the AR app.

C. Data Analysis

Questionnaire data was added into the SPSS 25 to run
statistical analysis. Data reliability tests were performed to test
the reliability of the data. As per study requirements,
Exploratory Factor Analysis (EFA) and Regression Analysis
were applied to the data. Data analysis enabled us to evaluate
AR app usability considering factors such as instructiveness,
ease of use, immersions etc. Details of data analysis and their
interpretation are available in section 5.

IV. CONCEPT DESIGN AND PROTOTYPE

The AR app is designed using Unity 5 and developed for
multiple platforms including (iOS and Android). The AR app
allows the customer to view a catalogue of rings, select a ring,
customise the ring and project a fully rendered 3D model of
the ring onto their finger. They can also save the customised
ring in their account or in the photo gallery for future
reference.

A. AR app Scenario

Futura has been used throughout with the use of the capital
case for headings. A dark colour scheme has been applied with
dashes of red where appropriate. The user can manipulate the

textures of three parts of the jewellery (metal, stone and
colour) in 3D view.

Figure 1. Home Scenario and AR Ring on Finger

B. AR app Catalogue

The app catalogue provides example designs, which can
be an inspiration for users with no experience of designing
bespoke jewellery. The AR app has the following catalogue
categories:

Engagement rings
Wedding rings
Men’s wedding rings
Eternity rings

The focus of the AR app is on rings and in particular
engagement rings. With around 70 different engagement rings
to select from the prospective customers will be able to pick
out a ring or better still customised an existing ring to their
individual need. The user can select metal types like gold,
silver etc., stone types like ruby, garnet etc. and colour types
like red, blue etc, as per their individual needs. After
completing the customised ring, the user can project their
bespoke ring on their finger through the help of AR as shown
in figure 1.

C. Order Button

In case of online use, a button has been added to the gallery
that will open the default mail client on the device for users to
send their customised design. The subject of the email has
been set to the name of the ring that the user is viewing in the
gallery. The AR app uses Google Firebase to store data so that
diamond companies have access to requested rings all the time
and for saving client communications.
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V.RESULTS AND DISCUSSION

This section presents results from the user testing conducted
for this study in the form of descriptive statistics, EFA and
regression analysis.

A. Demographics of Testing Participants

In total 27 participants took part in two testing sessions.
Their demographic characteristics are summarized in table 1.

TABLE I: DEMOGRAPHIC INFORMATION OF SURVEY PARTICIPANTS

Gender Female 17 63%
Male 10 31%

Age Less than 25 16 59%
More than 25 11 41%

AR Yes 9 33%
Experience No 18 66%

During testing, we got participation from both male and
female as well as young and middle-aged participants. The
testing further had a mix of with previous AR experienced and
non-experienced participants.

B. Descriptive Statistics

The descriptive statistics help to understand data gathered
for EFA. The basic descriptive statistics including minimum,
maximum, mean and standard deviation (SD) values for each
variable are presented in table 2.

TABLE II: DESCRIPTIVE STATISTICS FOR SURVEY VARIABLES

Question | Min | Max | Mean | SD
Q1 1 5 [ 4333 | 0734
Q2 1 5 [ 3.852 | 1.064
Q3 1 5 [3.963 | 0706
Q4 1 5 [ 4259 | 0764
Qs 1 5 [ 4259 | 0764
Q6 1 5 [ 4407 | 0.6%
Q7 1 5 | 4444 | 0641
Q8 1 5 | 4444 | 0641
Q9 1 5 [ 3.963 | 0808
Q10 1 5 [ 4370 | 0839
Qll 1 5 | 4444 | 0641
Q12 1 5 [ 4519 | 0580
QI3 1 5 | 455 | 0.641
Ql4 1 5 [ 4370 | 0884
QI5 1 5[ 4370 | 0792
Q16 1 5 [ 4370 | 0742

The minimum and maximum values range from 1 to 5 for
each variable. Mean is widely used as a valid measure of
central tendency. The mean values for the current survey
varied between 3.852 and 4.556. Hence, most of the responses
are on the positive side of the scale. SD is a vital measure of
dispersion that provides the idea about how far the response
values deviates from the mean. The SD values for this study
ranges from 0.580 to 1.064, which means that these values are
strongly grouped around the mean.

C. Exploratory Factor Analysis

The EFA method is used as it “uncover the underlying
structure of a relatively large set of variables " [20]. The EFA
helps to identify and explore factors for questionnaires and
finds associations between these factors [21].

The Kaiser-Meyer-Olkin measure of sampling adequacy
(KMO) is used to explore whether the sample size is sufficient
for extracting factors. Usually, KMO values larger than .60
are considered good [22]. For the current study, the KMO
value of .713 means the dataset is adequate for the EFA.

Varimax rotation is used through Principle Component
Analysis (PCA) model, four factors were extracted using the
Kaiser criterion of eigenvalues greater than 1 as recommended
by literature [23]. The EFA results are summarized in table 3.

Factor 1 accounts for 22.569% of the variance, Factor 2
accounts for 22.374%, Factor 3 accounts for 16.928% and
Factor 4 accounts for 15.463% of the variance. The total
variance explained by the four extracted factor is 77.335%,
which is well above the acceptable limit of 40% [26].

The Cronbach’s Alpha values for Factor 1 to Factor 4
ranges from 0.917 to 0.926, indicating a high level of internal
consistency [24]. The factor loading for all 16 variables
ranges from 0.535 to 0.848. These are greater than .40, which
is the literature accepted minimum loading [25]. The factors
naming is done based on the nature of variables that loaded in
each category. Factor 1 was called compatibility, Factor 2 was
called Likeability, Factor 3 was called Functionality and
Factor 4 was called Usability.

Factor 1 (Compatibility): Compatibility means the AR app
is consistent with the user needs. The variables belonging to
this factor help the users in decision making by combining real
and virtual world objects, replicating in-store experience and
recognizing the scenes precisely.

Factor 2 (Likeability): This factor refers to the liking of the
AR app from users’ point of view. Likeability is often cited as
an important factor for technology success [27]. Within this
factor, the users liked the concept of jewellery digitization,
content controls with hands, customized and efficient
shopping experience.

Factor 3 (Functionality): This factor refers to features
offered by the AR app. Having multiple features in a single
app is usually useful. The users appreciated pleasant shopping
experience through AR, interaction and fun-filled usage of the
AR app.

Factor 4 (Usability): This factor refers to system usability
from the users’ point of view. The usability of the AR app is
measured through variables like; ease of use, proper working
and recommendation of the app to others.
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TABLE III: IDENTIFYING THE UNDERLINE FACTORS USING ROTATED COMPONENT MATRIX

% of N
" Factor Factor . : Cumulative | Cronbach’s
Factors Questions Loadings Mean SD Eigenvalue Vaxemnc % Alpha
The App function locates and recognizes the scene
precisely (i.e. objects in the real and virtual worlds are | 0.809
properly aligned with each other).
The App provides useful content to make a decision. 0.764
F1
Compatibility | The App replicates the in-store experience. 0.747 4.20 0.698 7.836 22569 22.569 0721
The App enriches the real world by combining real 0675
and virtual information. 3
The App can act as a better advertising and marketing 0543
tool. -
I like the concept of digitizing jewellery products 0.808
through AR. -
I think this App will have a value-added impact on the 0.799
jewellery business. 3
I I like the concept of controlling the content with 0722
Likeability hands. N 3.71 0.555 1.787 22.374 44.944 0.807
The App helps differentiate the business from
competitors by providing more customized shopping 0.64
experience.
T think the App can provide an efficient shopping 0573
experience. N
The App offers many features. 0.848
F3 s .
Functionality | The AP offers a pleasant shopping experience. 0.71 437 0.688 1.567 16928 61.872 0.770
The App offers more interaction and is fun to use. 0.535
The App works properly. 0.840
F4 .
Usability The App is easy to use. 0.668 4.19 0.801 1.183 15.463 77.335 0.635
I think I will recommend this App to others. 0615

D. Factors Impact on AR app Usability

This section explores the impact of different factors on AR
app usability through linear regression. The relative impact of
different factors will highlight their relative importance to user
usability. The statistical results are summarized in table 4.

TABLE IV: FACTORS IMPACT FOR USABILITY THROUGH LINEAR

REGRESSION
Factor F4 (Usability)
B t 3

1 0.681 4153 0.000%+%
13 -0.179 -1.044 0.307
3 0332 2.163 0.041*

Model Summar;

Adjusted
R R2 R2 SE F P

" 0766 0.758 0534 n,sss 10491 000

Note: p<.001*** = highly significant, p< (01** & .05%) = significant

In the model summary, the value of R? indicates that
58.7% of the variability in average usability can be explained
by all the factors respectively. The F test has high significant
values, which indicate that there is a linear relationship
between the variables, which shows that the model is the best
fit for usability. According to the result, the F1 has the highest

significant impact (.000***) on the AR app usability with
p<.001 values, which means AR app’s compatibility with
users” needs contribute most significantly towards its
usability. F3 has a significant impact (.041*) on AR app
usability with p<0.05, which means the AR app has many
features and functions contributes significantly towards its
usability. The F2 does not have a significant impact on the AR
app usability, which means users did not related liking aspects
of the app with its usability.

E. Demographics Impact on AR app Usability

In addition to the overall factor impact analysis, this study
further explores the impact of demographic characteristics of
the survey participants. There are two points of views in the
literature about demographics impact on technology success.
Some researchers believe that demographic characteristics of
the participants such as gender, age groups etc. have a strong
impact on technology success and adaption [28, 29]. Whereas
the other group of researchers believe that, the demographic
characteristics of the participants do not affect technology
success and retention [30-32]. Therefore, it would be
interesting to explore whether demographic characteristics of
our participants affect AR app usability or not.

The questionnaires used for this study gathered data on a
Likert scale, which is ordinal rather than interval and such data
usually does not follow a normal distribution. As the data set
is smaller than 2000 values, Shapiro Wil Test is applied.
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TABLE V: MANN WHITNEY U TEST RESULTS FOR DEMOGRAPHICS

Demographics Fl P2 F3 F4
Gender Male MeanRank  15.235 14.176 15.647 15471
Female 11.900 13.700 11.200 11.500
Mann-Whitney Asymp. Sig. 0249 0.850 0.121 0172
Age Under 25 Mean Rank  14.44 13.69 13.69 1472
Over 25 1336 14.45 14.45 12.95
Mann-Whitney Asymp. Sig. 0705 0.757 0.785 0537
AR Experience  Yes Mean Rank 9.44 13.22 1222 1033
No 1628 14.39 14.89 15.83
Mann-Whitney Asymp. Sig. 0.021* 0.651 0364 0.065

Note: p<.001*** = highly significant, p< (.01** & .05%) = significant

The test indicates that all demographic characteristics
including (Gender, Age, AR Experience) have significant
values (p< .001), which means data is not normally
distributed. Therefore, to check the difference between
different groups of data, some non-parametric test should be
used instead of the sample t-test. Hence, Mann Whitney U test
is used for testing the difference of demographic characteristic
variables on the dependent variables because they have only
two possible values (gender: male or female etc). Table 5
summarizes results for the demographic characteristics of the
testing participants.

Gender: The gender-based results in table 5 show the
relative impact of gender on usability. In the testing, 17
females and 10 males participated. The Mann Whitney U test
results show that all values are insignificant (p>.05) based on
the gender of the participants. Therefore, we conclude that the
gender of the participants does not have a significant impact
on app usability.

Age: The age-based results show the relative impact of
participants’ age on usability. There were 16 participants
under the age of 25 and 11 over the age of 25 years. Again,
the Mann Whitney U test results show that all values are
insignificant (p> .05) related to the age group of the
participants. Therefore, we conclude that the age group of the
participants do not have a significant impact on app usability.

Previous AR Experience: The results based on participants
having previous AR experience is shown in table 5. There
were 9 participants with previous AR experience, whereas 16
didn’t have AR experience before. Only F1 has a significant
value of 0.021* which means AR experience does impact
compatibility factor. Other factors have insignificant impact
values, therefore not contributing any impact on app usability.

In general, gender, age and previous AR experience do not
influence participants’ point of view on AR app usability.
Therefore, we can conclude that the results of this study are
consistent with the second group of researchers, who believe
that the demographic characteristics of the participants do not
affect technology success and usability. The survey
participants in this study liked the AR app and enjoyed the
experience of using it regardless of their demographic
characteristics. However, to generalize these results, there is a
need for more user testing sessions with the potential users,
which will help to improve quality of the AR app and increase
its impact on the shopping experience of the users.

VI. CONCLUSION AND FUTURE WORK

This paper presented a mobile-based AR app, which offers
customized, pleasant and fun-filled shopping experience for
jewellery shoppers. The users can have it installed on their
phone and use it to create bespoke ring design from the
comfort of their own. The user can use how the designs fit on
their hand with the aid of an AR. After creating bespoke
jewellery designs, the users are able to communicate to the
jewellery shop and can order their rings online.

The user testing performed for the study identified four
factors (compatibility, likeability, functionality and usability).
Further analysis revealed that most of the test participants
appreciated the AR app regardless of their demographic
characteristics. Future work should focus on increasing the
options for rings, metal and diamond selections and
incorporating the ability for the users to share their designed
rings on social plate form like Facebook, WhatsApp etc. There
is also need of further user testing will help to improve the
quality of the AR app.
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Company
Structure

Diamond Centre Wales (DCH) comprises of artists, designers, diamond graders and gold-
smiths.

There are ourrently 20 people on DCW's payroll across different teams; 4 self-employed
staff at the workshops and marketing; and 2 KIP staff in the RED team.

'HOW MANY TEAMS ARE THERE AT DCW?

Senior Management

Reception

Sales Team

Accounts

Computer Aided Design/Manufacturing (CAD/CAM)
Workshops

Research & Development (RG0)

Marketing

= 205mer on oows PavRoLL
= aser-empuaven smare

+ 2uesmr
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Senior
Management

Kelvin and Sharon James started Diamond Centre Wales (DCW) in 1983, the company is
located at Talbot Green, South Wales.

This section is about the long-term and short-term strategic directions of DCW as well as
the expectations of this KTP project (further development of the GERIC mobile app).

= wision ano mission

=} expecTaTions FRom THis PROJECT
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+ To become, the most unique jewellery
‘company iy the UK and, ultimately, the world.

+ Ensure the growth of DCW through training

. and mentoring of staff:
i «Utilise the current RED projects to develop

an extra source of revenue via providing
software-as-a-service (Saas).

Provide unique B2B and B2C experiences
by doveloping R8D projects to work
interoperationally.

Incorporate GERIC as a limited company, with
a suitable complement of staff.

Incorporate PEP as a limited company, with a
‘suitable complement of staff.

Train and mentor staff across various teams

internship to aid RED projects.

“The further development of the GERIC app is
expected to have the following features:

« ease-ofuse

AR funotion to be comfortable and natural to
use.

« allows for multiple rings to be viewed at the
same time

« allows for the same customised design to
be transfered to other items eg. oufflinks, tie
olips.

« inclusion of exciting AR elements eg. users
ing an animated mannequin with
different pieces of jewellery

\ « Saa$ to generate revenue eg. 5% of sales
togoto DCW

+ ultimatoly to b intoroperational
with other R8D projects to
provide a unique B2B and
B2C experience.
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ales Team

'ABOUT THE SALES TEAM
‘A customer's initial point-of-contact is usually with amember of the sales team.Acustomer
would book an appointment via email or phone for a face-to-face meeting.

HOW DOES THE DESIGN PROCESS BEGIN?

The sales team member will work with the customer to explore ideas and finalise a design.
This process typically lasts an hour. The customer's design requirements are logged on to
the DOW Central shared database complete with its own unique identifier number.

A'brown packet' with handwritten notes and drawings are collected by the CAD team which
initiates the 8 week turnaround process. The design requirements are often in the form of
soreenshots, drawings and descriptive sentences (no longer than a paragraph) detailing
particular requirements eg. which cut of diamond, materials to be used, shape, style.

=} TEAM OF 3 SALES REPRESENTATIVES
=} SINGLE POINT-0F-CONTACT FOR CUSTOMERS

=} JEWELLERY DESIGN - ENGAGEMENT, WEDDING, ENGAGEMENT RINGS,
BRACELETS, EARRINGS, NECKLACES, PENDANTS, BESPOKE ITEMS
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'METHOD OF COMMUNICATION WITH CUSTOMERS

The preferred method of communication between
the sales team and customers is via emails as this
oreates a rail if any discrepancies crop up.

Emails typically are in the context of design
‘amendments, GAD render approvals, collection.

'HOW GAN THIS KTP PROJECT HELP THE SALES TEAM?
The GERIC app oan facilitate the design process by
allowing customer input on how their design at
different point of the prodoution process.

It has been evident that the ourrent method
of annotations, screenshots of existing rings,
word descriptions are efficient enough for the
customers to convey their idea.

The project can add to the process by:
+ incorporating an annotation funotion -
allowing customers to write or draw notes on
30 models;

«  allowimports of screenshots that
customers may have collected; and

« allow customers to type descriptions of
what they would like.
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CAD Team

ABOUT THE COMPUTER AIDED DESIGN (CAD) TEAM
The CAD team consists of CAD Designers, CAD/CAM operator and a Senior Supervisor. The
team produces technical design files of customers' requests.

These technical files are uploaded to 3D printers to produce wax recreations as well as
imported into rendering software to produce marketing images.

WHAT IS THE GAD TEAM'S INVOLVEMENT IN THE CUSTOMER EXPERIENCE?
Customer orders are received from the sales team via ‘brown packets. The packets
typically has information written on them ie. job number, sales date, CAD turnaround date,
workshops turnover date, specific customer requests, material.

This information is also logged digitally on DCW Central, a database shared by different
teams within DCW. The job numbers are used as unique identifiers and tracks progress of
the job. There are two dashboards or user interfaces: Customer and Order.

Typically there is an eight week turnaround time for a customer order. CAD uses two weeks
to produce technical drawings of the design; generate a render (to email the customer
if requested), 3D print the model in wax. The wax model is then sent to Weston Beamor
(based at the Jewellery Quarter in Birmingham) to be casted.

=} tecuicaL bRawiGS
<+ sowaxprmmng

= 201mnce Renoermve
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The CAD designers utilises a 3D jowellery CAD
software callod The software contains
3D modelling functions (Boolean, array, loft etc)
similar to other 3D software ie. Blender, Cinema dO.
This allows the CAD operators to build 30 shapes
to produce a bespoke design.

Product images are rendered using a software
called x
Gomplex metal and diamond materials (physically
based shading (PBS)) are applied to the product
to be rendered with high dynamic range images
(HDRI) lighting to produce photorealistic images.
These are sent to the customer for approval or
used as marketing material.

Initially, customer designs requests are in the
form of short written descriptions. Containing
information ie. which material to use, specific text
or design to include.

Generally, communications with the customer is
from the sales team to maintain a single-point-
of-contact. However, occasionally a CAD team
member will make direct communication with
the customer via email to

g . Customers
4,08 occasionally reply with photos or text to describe

wand | wie
¥ - what they expect.

+ Enhance the customers service experience by

a customer can review a piece of jewellery

using augmented reality to provide an accurate expectation.

This addresses an ocoasional customer feedback where
customer may misinterpret designs from a 20 rendered image
often.

Aninclusion of virtual reality can further enhance the way

items of jewellery are presented to the customer eg. an
underwater-themes virtual showroom can be used to
showoase the Under-the-Sea jewellery range.

\ -
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Workshop

AABOUT THE WORKSHOP TEAM
The workshop team consists of members with different specialty skills in prepping,
diamond setting and metal engraving.

0n average, around 6-8 pieces of jewellery will be produced per day by each workshop
toam member. However, this figure depends on the complexity of the jewellery design and
busy periods.

During which times (eg. the lead-up to Christmas) the workshop team will each take on a
specific role (ie. prepping, polishing, setting) to increase efficiency.

= Fshing work
=} ONAVERAGE, 14 HRS PER JEWELLERY

=} JEWELLERY ACADEMY WALES (JAWS)
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Whenanitem of jewellery returns from the casting
process (casting done by Weston Beamor), the
piece goes through the polishing process.

A member of the workshop team utilises a range
of tools to grind and smooth out the roughness
of the metallic surface to produce a reflective
surface.

Generally, the surface of a raw casting has a
‘peaks and troughs' fluctuation of 200 - 250um
(one micron = 0.001mm) which causes the light to
reflect in different directions, hence giving off a
rough reflection.

The polishing process grinds and smooths the
surface to reduce the ‘peaks and troughs to
0.2um.Thisallows thelighttoreflectinauniformed
direction, hence giving a smooth reflection.

Improved communication between customers
and DCW can help to reduce errors eg. allowing
Gustomers to provide feedback to CAD renders
via annotations, imported screenshots and text
can help the workshop team to understand the
expectations of the customers.
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Research &
Development

The RED team at DCW are responsible for managing ongoing projects, which are at different
stages of the project life cycle.

Each project complements or branches from the existing jewellery manufacturing/retail
processes at the company. For example, a project that marks high-value diamonds using
nano-laser engravings or a project that 30 prints jewellery as an alternative to the casting
process.

However, the ourrent project that s relevant to this KTP project is the ourrent iteration of

the CERIC app. The two next pages summarise how this KTP project will develop upon the
current CERIC app.

ERIC - IMMERSIVE DESIGN EXPERIENCE
JEWEL PRINT

‘TUITECH - THE ULTIMATE IDENTIFIER
SECULUXE

PLASMA ELECTROLYTIC POLISHING

+ 4+ ++++

‘JEWEL ACADEMY WALES (JAWS)
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= WHATISTT: Mobile App

« PLATFORMS:  i0S & Android

The GERIC mobile app in its current form allows customers to
download from the i0S and Android app stores. Customers are
able to browse an extensive collection of 30 models of jewellery.

The ultimate goal of this KTP involves developing upon the CERIC

app to integrate AR/VR/MR capabilities. The app is built using
the C# programming language on the Unity gaming engine.

« Member login
+ Browse extensive catalogue of jewellery

+ Customise design eg. material, style, colour
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CERIC App (next phase)

= WHAT IT WILL BE: Mobile App.
AR experience
R experience
MR experience
————— PLATFORMS: {05 & Android
ARNVR/MR platforms

=« NOTE: KTP Project

'ABOUT THE NEXT PHASE OF THE CERIC APP
The next phase of the CERIC app aims to:

« beintegrated as part of an interactive stand for use on
shop floors and promotional spaces

« produce sales of the interactive stands to other
retailers.

« enhanoe customer experience through engaging and
immersive content

HOW WILL THE PROJECT ACHIEVE THIS?
This 24 month project is divided into several stages. Through
this, the project aims keep up-to-date with technological
advances through research into AR/VR/MR advances.

Prototypes will be presented to a strategio group and the wider
company for feedback
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Jewel Print

< WHATISIT: 3D printing using
prescious metal

< BENEITS: Allows for more
intricate designs

Alternative to the
costly casting
process

NOTE: KTP Project

'ABOUT JEWEL PRINT

Anewventurethat offers precious metal additive manufacturing
as an alternative to casting.

Jewel Print will be a service hub for precious metal production,
specialising in printing jewellery and luxury products and
taking away the mystery of precious metal manufacturing and
making it accessible to consumers and B2E.

3 g is a sustainable production method compared to
traditional manufacturing such as casting and offers a scope
of design capabilties that current manufacturing methods are
not able to achi

HOW WILL THE PROJECT ACHIEVE THIS?
Jewel Print houses selective laser melting additive
manufacturing printing systems that can provido up to 24-hour
production manufacturing.

This provides a fast solution to precious metal making, with
the capaity to support more innovative designs that are
traditionally more time consuming to manufacture.
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a project in the

development in software
BB +n matorial scionce for
the jewellery industry.

As a bespoke diamond jewellery manufacturer,
DCW handles and catalogues lots of high value
diamonds.

TUI Tech identifies information of diamonds ie.
from which mine the diamond comes from;
whether they are natural or lab-grown; ts grade.

TUI Tech is a collaborative project between DCW,
Aberwystwyth University with support from
AgorlP.

Ablockchain-enabled
traceability and recovery
suite.

Seculuxe aims to facilitate the recovery of lost
or stolen high-value diamonds by setting up an
industry standard practice to interoept stolen
goods during resale.

A mobile app allows users to identify unique
identifiable information for the diamonds,

Seauluxe is a collaborative project between
DCW, Aberwystwyth University with support from
AgorlP.

« Blockohain technology creates reliability

«  Proprietary nano-laser engravings via
superlens technology PCM (Planc-Convex
Microsphere) lens.

«  Global Luxury Goods Recovery Solution
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JEWELLERY
ACADEMY
WALES

Plasma
Electrolytic
Polishing (PEP)

WHAT IS PEP?

R blockchain-enabled traceability and recovery
suite.

Seculuxe aims to facilitate the recovery of lost
or stolen high-value diamonds by setting up an
industry standard practice to intercept stolen
goods during resale.

WHAT TECHNOLOGY ARE USED?

+ Blockohain technology creates rel

« Proprietary nano-laser engravings via
superlens technology PCM (Planpo-Convex
Microshpere) lens.

+ Global Luxury Goods Recovery Solution

Jewellery
Academy Wale$
(JAWS)

WHAT IS JAWS?

JAWS are sets of courses. These courses of
jewellery design and manufaturing learning
experiences are aimed at the public.

They are splitinto CAD and workshop courses :

CAD Course - B-week accredited course aimed at
beginners looking to upskill as a CAD designer.

Workshop Experience Day - 4-hour session
allowing visitors to create their own pieces of
jewellery using specialist machinery and tools.

hop training courses - workshop courses
are also contracted out to corporations looking
to upskill their staff
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Marketing

ABOUT MARKETING AT DCW
Marketing is loosely targeted at potential customers from the South Wales area, with the
goal of inviting them to the store.

Compared to the lack of competitors who can produce jewellery in the same quality, the
bespoke design process s considered to be a unique selling point.

HOW DOES DCW COMMUNICATE WITH ITS GUSTOMERS?
There is a company website (www.diamondcentrewales.com). The extensive range of
jewellery is presented on the website in the form of high-quality rendered images.

The GERIC app s also available to oustomers by accessing the i0S App Store and Google Play
Store. This KTP project revolves around the CERIC app which will be developed upon. The app
allows customers to view an extensive range of jewellery interactively in 30.

Several social media channels are currently utilised to engage customers. This includes
Facebook, Twitter, Instagram, TikTok, Youtube.

Compared to ‘traditional' methods of advertising (eg. radio), social media channels are
preferred by the marketing team as the dynamio nature of these platforms provides
greater control over content and messages which requires regular updates.

Often, social media posts are presented as a 'story. A story is an edited short-form video
and typically the ‘plot’ centres around a customer approaching DCW with a request which
is resolved along the course of the short video. Products and services are then showcased
during the video.

There are no current plans to include built-in immersive technology (eg. Meta's Spark
AR platform that is available for Facebook and Instagram) as part of social media
communications. However, these plans may evolve when CERIC integrates handing tracking
AR capabilities.

Whilst most videos for social media are shot in-house on a smartphone placed onto a
gimbal, media companies are occasionally hired to film special events such as the Club
58 events.

=} OUTSOURCED TO MATT BARROCCU AT NEW REALM CREATIVE

=+ soom e

+ cuwsse
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DCW'S BRANDING
The concept of DCW' brand is a ‘bespoke design
to help you to remember the moment. The ideal
situation is a customer who purchased a bespoke
engagement ring will return to purchase a

‘ wedding ring and an aternity ring.

Gurrently the branding guidelines are not formally
documented, however,this s in development. The
main colour scheme s standard DCWred (Pantone

. 186) and black (Pantone black). This can be seen
oot | in external facing content eg. promotional print
Pyl rmping work and website.

There is a secondary colour scheme used which
consists of white and gold. This is used in the 30
renders where jewellery items are placed against
awhite background.

LB 58

An exclusive olub is established for DCW's top
roturning customers. Named after the number
of facets on a brilliant-cut diamond, Club 58
members mostly consist of affluent customers.
The style of communication aimed at this group
needs to reflect this ie. communication needs to
be more direct to provide a personal approach.

During pre-pandemic times, catered promotional/
sales events were occasional occurrences
exclusive to Club 58 members. During these
events invitees had the first viewing of jewellery
ranges. In addition to strengthening customer
relations, these events were opportunities to
gather market research data via face-to-face
engagements.

The relaxation of COVID restriotions allows the
re-introduction of Club 58 engagement events if
there is an appetite for them.

MARKETING STRATEGIES

When a customer orders an expensive piece of
jowallery, the profit for th year will bo atypically
inflated which can have a knock-on effect when
forecasting to retain year-on-year profit growth.
DCWs marketing department will dynamically
adapt to avoid a peaks-and-troughs on the profits
by increasing content on the communication
channels.

'HOW CAN THIS KTP PROJECT HELP DOW'S MARTKETING?

« Immersive technology (eg. CERIC and other AR/VR methods) can engage and
exite Club 58 members during engagement events via a novel experience.

« An addition of a restricted VIP Section’ within the CERIC app can contribute to
an‘exclusive’ experience for Club 58 members.
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To create the most immersive jewellery design experience in
the world for the people who wish to express their individuality.

'ALLOW CUSTOMERS TO BECOME...

Go-creators of their own personal style.

THAT THEY CAN...
Find innovative ways to express their individuality through
jewellery.

IT'S IMPORTANT BECAUSE..

To be truly free you have to be yourself.

The final product of this project aims to provide an innovative
and immersive experience for customers to design jewellery.

This is achieved through adopting and developing upon AR/VR/
MR hardware and software.
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