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The aim of the project is to research how augmented reality technology can affect the evolution of traditional games, such as board games or card games, and how this might concern enhancing the gaming experience. Additionally, this document is a study on games development with augmented reality features.
The presented methods are based on a development methodology that is suitable for the objectives of the project. Namely, learning through practical work has seemed like the most efficient and appropriate for the stated issue. Going through all software development stages resulted in a better understanding of how augmented reality applications are made.
Consequently, the outcome of the conducted research is an augmented reality game working on mobile devices. It was possible due to using augmented reality SDK features like objects tracking and detecting systems and modifying the camera of a device to display a mixed reality.
The final application was developed with Unity and Vuforia - the tools for implementing making games working with augmented reality. The developed game had been inspired by traditional as well as modern computer card games. Also, real-life examples and the history of the digitalisation of card games have been examined. It is believed that the idea of card games is well known globally, so it might be the best ground for experimenting with gameplay experience enhancement.
Moreover, the conducted studies exposed some constraints of developing augmented reality applications. They are mainly dictated by technological limits and the fact that augmented reality is still relatively new, and there are not many advanced applications of this sort on the market. As was discovered, mobile devices tend to overheat while this type of application is running – such programs require significant computational power to run. Consequently, the batteries of smartphones drop off quickly. 
Vuforia SDK and related technology are still in the development phase. At this moment, some of the available Vuforia tools tend to crash and glitch primarily when a significant amount of detection or tracking systems are proceeding simultaneously and the system is overloaded. 
Nevertheless, augmented reality is still considered the technology of the future, and further studies regarding it contribute to strengthening its adoption in everyday life. 
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Augmented reality (AR) is a ground-breaking experience of mixing the real world with the virtual world by combining digital content with a physical environment in real-time. The rapid development of this technology is due to a new industrial revolution called Industry 4.0 [1] [2]. The assumption of the revolution is to innovate the way people live. It is based on the development of brand-new technologies and ideas in computing, medicine, and many other growing fields of science [3]. Blockchain, the Internet of Things, 3D printing, self-driven cars, virtual reality, and augmented reality are the outcomes of Industry 4.0 evolvement.
Moreover, the created innovations are often employed in various industries as improvements. For instance, the augmented reality technology is used by archaeologists during the excavations. Archaeologists can augment archaeological sites by reconstructing historical environments due to placing digital objects onto these sites [4]. Likewise, the technology is applied in other industries [5] [6] [7].
The new trends in the development of technology and games go together with the advancement of mobile devices and the popularisation of mobile gaming [8]. New smartphones allowed for more advanced applications, including augmented reality applications. Since Pokemon GO took over the world with innovative gameplay, it has brought AR to the masses. The game emerged much controversy in the game industry, and people started broadly thinking about what augmented reality is and how the future of the games will look like [9] [10].
Nevertheless, despite many achievements of augmented reality, AR games are rather a niche inter alia due to the lack of experts and qualified specialists developing this technology [10] [11]. Creating AR games is complicated as it demands additional knowledge on how functionalities of augmentation can be combined with the process of making games. Moreover, developers must constantly be up to date with the latest developments and trends, as changes in technology occur rapidly [11].
Despite the pros and cons of augmented reality technology, it seems to have a broad appliance to many industries, including the entertainment industry. It is considered that augmented reality gaming is mainly focused on games that can be played within a real environment without using additional physical elements as a part of gameplay [9] [10].
Therefore, the main objective of this study is to try to enhance the experience of the physical game with augmented reality features. It is believed that the proposed assumptions can contribute to a new way of gaming, which is more engaging and exciting. Moreover, the research intends to help answer the questions concerning issues and limitations that modern game developer must face working on augmented reality productions. 
The conducting studies aim to design a simple physical game that can run with augmented reality application. Consequently, the developed game would contribute to a better understanding of augmented reality and help others get into this technology. It is believed that learning programming by programming games is the most efficient approach to gain the required skills. Namely, abstract concepts like object-oriented programming, events or classes are more intuitive and well described by mechanics and objects in a game.
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Augmented reality is an innovative technology, which allows enhancing the real world with digital visualisations. Basically, visual and auditory perceptions of a user are augmented by modifying the environment around it. The picture of this combination is usually present to the user via digital devices such as smartphones and particular software [12].
Nowadays, AR is broadly used in various industries [8]. The examples of its success are the following:

1. IKEA Place – is the application on mobile devices from IKEA, which virtually places true-to-scale 3D models into a room. Accordingly, a user can check if one of the available IKEA products are suitable for the interior [5]. 
[bookmark: _Toc69890615][image: ]
Figure 1 The picture is presenting the usage of the Ikea Place app (https://i.computer-bild.de/imgs/9/5/3/9/0/2/5/IKEA-Place-App-658x370-5a210cedee8e7920.jpg).


2. Google Lens – is an image recognition technology created by Google, designed to bring up relevant information related to objects. The recognition is based on using augmented reality techniques. Google Lens allows for scanning and translating text, identifying objects such as animals, buildings or shopping products and even helping to solve mathematical tasks through the camera of a mobile device [5].
[bookmark: _Toc69890616][image: Google Lens will soon be available in several Android camera apps: Digital  Photography Review]
Figure 2 The picture is presenting the usage of the Google Lens app (https://3.img-dpreview.com/files/p/E~TC4x3S590x0~articles/6954123760/DXjupPRX0AI3JOs.jpeg).

3. Pokemon GO – is an AR mobile game developed in 2016 and published by Niantic in collaboration with The Pokemon Company. It uses a GPS signal of a mobile phone to locate and capture virtual creatures, which are displayed as a part of the augmented world by the camera view [5] [9].
[bookmark: _Toc69890617][image: Virtual reality, augmented reality and games - Knowledge Week]
Figure 3 The picture is presenting usage of the Pokemon GO app (https://lh3.googleusercontent.com/proxy/XN6jDHG0cvFbCDJuSB1a0UU6lzGqAqFeCmvftW0NBvgFoY5gcuil_uT_JK8lMhZlmFuvi5mmJe1ApoEFx91SagWnhbOGcA7eHAavdGWFqd7i719D1hzTqfLqZOmIf0g8Mg9pKm0).
The provided examples are the latest AR technology milestones and their usability proofs that the used technology can be a vital element of everyday life. Moreover, augmented reality is still developing, and peculiar is that there are more documented ideas on how and where it can be realised than its existed implementations.
[bookmark: _Toc70023734]Game Idea

The main product of this research is going to be the development of an augmented reality card game. Accordingly, the idea for the game was required. The concept of the application is inspired by traditional collectable card games such as Magic: The Gathering, Pokemon or Yu-Gi-Oh!, and digital collectable card games, e.g. Hearthstone or Gwent: The Witcher Card Game.
Moreover, card games are one of the oldest entertainments known by modern humanity, and through the ages, many interesting forms of games were invented just basing on a deck of cards. Many civilisations approved the basic concept of a card game, so it is understood around the world. Hence, it is believed that card games break language, cultural and technological limitations down [13]. Consequently, an augmented reality card game seems to be an appropriate idea for the planned project.
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Nowadays, digital collectable card games represent a vast part of the games industry. Their precursors were physical versions of collectable card games. Magic: The Gathering, invented by Richard Garfield in 1993, was the very first of them, and despite almost 30 years now, the title it is still renowned and played by many players in both available versions – digital and physical one [14].
The significant impact of collectable card games on entertainment is due to a revolution in the perception of cards and a deck. Namely, the cards became more meaningful and specialised, and they come with unique graphical interpretation, so the gameplay started to be more engaging [14].
Some of the traditional collectable card games have been reproduced as computer games. This included changes in adaptation to digital gaming requirements. A good example is the World of Warcraft Trading Card Game inspired by the World of Warcraft Multiplayer game made by Blizzard Entertainment. It was a game where two players can play against each other using their own predefined deck of cards. However, in 2013 it was decided to no longer support this project. Instead, in 2014 the company behind World of Warcraft Trading Card Game released its digital version called Hearthstone. The gameplay and rules were redefined for a new platform. Namely, the game became more straightforward and available for a broader public, as it required only a not-sophisticated pc and connection to the Internet. Moreover, Hearthstone came out even more popular when it debuted on mobile devices in 2015.
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World of Warcraft Trading Card Game uses physical cards as a fundamental part of gameplay. Cards are featured into types, representing heroes, allies, abilities, armour, weapons, quests and locations. The allies are the minions that can be played to make an advantage as they can target and attack an ally of the opponent or the other hero. The rest types of cards are mainly for modifying already played cards and/or considering direct effects relating to the game. Hero card is the most important as it indicates how the deck of card may be built. Players start with a single hero with a specific amount of health. The objective of the game is to destroy the hero of an opponent by reducing its health points to zero.
[bookmark: _Toc69890618][image: ]
Figure 4 The figure is showing the hero card format. Each hero disposes of a unique ability, which is described on the card.

 The game is started with seven cards collected from the deck of a player. Once per turn, players can play any card from their hand as resources. This card is needed to pay for playing other cards, draw a card from the deck, and/or target other heroes or their ally within the play area. The resources are placed face down in the play area until the game is over. They are renewed each turn so players can play more expensive cards while the game advances further. 
[bookmark: _Toc69890619][image: ]
Figure 5 The cards include the following information: card name, play cost, type and a short description of what effects they can trigger.
[bookmark: _Toc69890620][image: ]
Figure 6  The allies cards, similar to the hero card, have health points and defined attack value. Some allies may be restricted to a particular class of a hero.

[bookmark: _Toc69890621][image: ]
Figure 7  Weapons, armour and items cards can be equipped by a hero. These types of cards mainly modify the abilities, health points and attack value of the targeted hero.
During the game, players have to use markers to count the health points of heroes. The already used cards are set as exhausted by turning sideways to indicate their status. They can be turned back (activated) and used again at the beginning next turn.
[bookmark: _Toc69890622][image: ]
Figure 8 The example of marking a card as already used.

The game area is organised into game zones. Namely, a zone is recognised as a common area for both players to put their cards following the rules of organising cards. The manufacturers did not provide gameboards representing zones. Hence, the game area had to be settled in some way by participants, e.g. by placing stick notes with annotation to a particular zone or just using their own designed templates of the zones.
[bookmark: _Toc69890623][image: ]
Figure 9 The proposed example of the arranged zones.
To sum up, the World of Warcraft Trading Card Game is a game of imagination where the role of the cards is to create an image of the battle between heroes. However, the effectiveness of immersion can be different for every player because the only things that may affect the gaming experience are unique designed cards and the imagination of users. Also, the rules of marking cards as exhausted or setting counters counting health points can be seen as redundant distortions affecting the pace of the game. Moreover, those rules must be remembered and tracked by players to avoid misunderstanding and cheating. There is no anti-cheating system, so players must trust each other. Finally, the main drawback of the traditional kind of games is the requirement of finding other interested players, in this case, people who possess their own deck of cards. Because it was a collectable card game, the new cards were released periodically, which obligated players to spend money for further expansions. Players had to keep this in mind if they wanted to be competitive. Consequently, the fundamental limitations of playing the game were a distance between players, costs or just the need for time and place to set the game up.
The strong advantage of the physical card game is real interaction between opponents, which significantly impacts the gaming experience. This comes with the development of personal skills and socialisation with others. It is also worth mentioning that some of the cards were indirectly connected to the World of Warcraft computer game. Namely, these were the cards with printed serial key on them. The key could be redeemed in the World of Warcraft computer game to unlock extra content for players. It was one of the first ideas to mix features of a card game with a computer game.
[bookmark: _Toc69890624][image: Ghostly Charger Loot Card World of Warcraft Ghastly Skull Mount WoW TCG  Spectral | eBay]
Figure 10 The example of a card with a scratch element that reveals the serial key for unlocking digital content in the World of Warcraft Multiplayer game (https://www.wootloots.com/images/ebay/card/ghostly-charger.jpg).
[bookmark: _Toc69890625][image: WoW:CG played at GenCon SoCal 2006]
Figure 11 The example of the gameplay (https://cf.geekdo-images.com/3p2eiAeFFgBy8j8aRm78fg__imagepage/img/Oi2fGsDpo8dWztTKR6eSIoGKnoU=/fit-in/900x600/filters:no_upscale():strip_icc()/pic162762.jpg).
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Hearthstone is the heritage of the World of Warcraft Trading Card Game. Namely, the main idea of the physical card game was converted into a computer application. Nevertheless, many rules and cards had been changed for a new target platform and business needs. The game is a digital-only, turn-based collectable card game that duels two opponents against each other. Players can select a hero from one of ten classes. All classes have unique abilities and cards. Also, the deck of cards is built based on the collection of a player. The collection may include cards of the following types: minions, spells, weapons and heroes. Minion type is similar to ally type from the World of Warcraft Trading Card Game. Basically, it fights along with its hero, but it is a side character. On the other hand, spells cards combine the characteristics of abilities, items, armour, weapons, quests and locations cards originated from the physical version of the product.
[bookmark: _Toc69890626][bookmark: _Toc69890627][image: ]Figure 12 The example of the spell card.

[image: ]Figure 13 The example of a weapon card.
[bookmark: _Toc69890628][image: ]
Figure 14 The example of a minion card.

[bookmark: _Toc69890629][image: ]
Figure 15 The example of a hero card.


Summarising the digital version was simplified and prepared for a bigger audience. Hearthstone was firstly developed on PC and then on mobile devices. It is also free to use. This allows people across the world to get easy access to the game. The game can be played online with real people or against a computer. 
Additionally, the creators coped with some limits associated with the physical version. For example, in Hearthstone, there are no resources cards. Players do not have to sacrifice their cards for resources. Instead, there are the mana points which limit is ten. Players start with one point, and with each turn, the pool is increased by one.
Another example is UI which highlights the area of gameplay. In this case, the idea of zones was given up. The main arena is a place for playing minions. Weapons cards are attached to the hero portrait, and the spells cards are played instantly from the hand of players. The game itself is controlled by the game manager object, which prevents cheating. Moreover, it controls the flow of the gameplay, automating some actions like counting damage or marking already used cards.
[bookmark: _Toc69890630][image: What's all the fuss about…Hearthstone: How long can the king of online card  games retain its throne? — Game With Your Brain]
Figure 16 The gameplay example. The play area is simple and intuitive in navigation. Mana points are in the bottom right corner of the screen. Non-use minions and available cards to play are highlighted with a green outline. Players may finish their turn by pressing the “End Turn” button available on the right.
Researching the evolution of card games made by Blizzard Entertainment shown that new technologies allow for enhancing old ideas. Hearthstone, which is based on the World of Warcraft Trading Card Game, is also a great example of how physical games can be digitalised and presented in a new form, which reaches a greater audience. However, the most significant disadvantage of the new vision is limited interaction between players. There is no in-game chat. This can be due to the risk of occurring non-ethic behaviours, like swearing or harassing opponents during the game. 
The studied examples suggest that augmented reality can be an alternate way of enhancing traditional card games. It would combine the best solutions and aspects of the physical and digital gaming experience. The card games have predispositions to use this technology to mix realities and make them more engaging.
[bookmark: _Toc70023739]Augmented Reality and Traditional Games

The attempts of implementing augmented reality technology into board games have been proposed before. However, there are no well-known products that mix the traditional game and augmented reality technology on the market. Nonetheless, this combination seems would be a great milestone in the development of the entertainment. The new kind of gaming experience could link aspects of physical and digital gaming.
The book written by Kipper and Rampolla states that augmented reality is the technology that brings digital information into visual perception [15]. The authors claims that this approach could help users in the decision-making process, which is a vast part of every game. This is proven in work on “Augmented reality battleship board game with holographic display” [16]. Namely, displaying digital pictures during playing in a traditional game is helpful in navigation and planning. Accordingly, the game becomes less abstract and more intuitive for players.
Moreover, a digital interface can be applied to augmented reality board games. The advantage of this implementation is to let the application inform players about the status of the game - e.g. scores, available resources, important changes and moves of others players. In the work of “On the use of augmented reality technology for creating interactive computer games”, the conducted study compares user experience regarding play in the traditional version of Monopoly Board Game and its PC version [17]. The outcome emphasised that people prefer to omit the complicated part of the game, which is done manually, such as counting resources, in favour of the digital interface that does this part of the work for them. This solution helped players to focus on strategy to win. The same study indicates that lack of socialising interaction between users is the main disadvantage. Therefore, augmented reality technology usage might keep the spirit of real interactions and support the pros of digital features at the same time.
Furthermore, digital technologies can contribute to a better understanding of complex games without losing the interest of players. In the work of Hiroyuki Sakuma, Tetsuo Yamabe and Tatsuo Nakajima, there is an example of using Augmented Reality to educate beginners on how to play Texas Hold’em poker [18]. The authors created the enhanced version of this game using AR, aiming for new players to learn the rules and specific terminology. Also, they surveyed participants, which declared that the AR version of Texas Hold’em poker is more user friendly. The applied solutions like showing possible actions by program revelled to be effective in improving learning motivation of the players. Hence, augmented reality became something more than additional visual feature improving the gaming experience. If appropriately implemented, it might be a good instrument for a more engaging introduction to the game.
The other research on “Design of a Board Game with Augmented Reality” indicates that the vast role and potential of using Augmented Reality with traditional games is the intrigue and excitement of players keeping the socialising element [19]. Milan Tasevski, together with colleagues, worked on enhancing the already designed board game. They wanted to add AR elements to it and test the enhanced product with various groups of users. The team decided to add augmentation only to the cards included in the game. In the conducted project, the visualisation of the cards only aimed to help new players better understand the rules. It was also noticed that a card is an excellent target to detect by the camera as it can be designed with many natural features, which is significant in implementing AR technology.
Moreover, this decision was made based on the belief that exaggerated digital content may be overwhelming for board games. Namely, the digital content might cause not necessary disorder of the gameplay. Thereby, the assumption was to add virtual objects to the cards as additional features that have no impact on the logic and mechanics of the board game.  Accordingly, the player could use their own mobile device to visualise the cards while other players could play the board game simultaneously. The study exposed a promising idea of creating board games that would use augmented reality, but they could also work without it.
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A game engine is a software development environment arranged to develop video games. Namely, games engines are used by developers to build games for personal computers, consoles, and mobile devices. The core functionality of a game engine is to handle a set of the process like rendering, calculating physics or collisions detection and combine all these processes into a working application.
To create an augmented reality game, a game engine is required. It can be made from scratch due to using tools such as OpenGL, but this is beyond the goals of this research. Consequently, a final solution was to choose one of the already existed game engines available on the market. Fortunately, several companies professionally develop and support such software. However, only two of them - Unreal Engine and Unity - were taken into consideration, mainly because of their popularity among indie games developer circles and big brands of the games industry. Moreover, augmented reality technology is supported by both engines.
The popularity of Unreal Engine and Unity can be vital for games developer beginners as many examples, tutorials, and learning sources about using the engines are available for free. The basic functionalities of the engines are easy to learn and implement, but overall, mastering advanced features is concerned as difficult. On the other hand, more knowledge about each aspect of the frameworks gives more control over a created application.
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Unity is a game engine that is easy to learn and intuitive to use. The primary programming language used by Unity developers is C#. However, it is also possible to write scripts in JavaScript. Also, many final platforms like Android, iOS or Universal Windows Platform are supported by the engine. It allows creating games for various devices. Likewise, many learning materials are accessible on the Internet, so in theory, anybody can learn Unity technology independently. Besides, there is a large community of Unity developers which serves by guiding, helping and supporting other developers on various web pages, forums or videoblogs.
What is more, Unity as a company gives free access to documentation of the product and provides its learning application – Unity Learn - which is paid. Additionally, the company has one of the biggest asset stores, where developers can purchase desired models or mechanics and add them to a game.
Unity is more appreciated by small companies and indie developers. This is not only because the engine is simple in use but also because it is ideal for creating straightforward games that do not need a lot of work time and human resources. Also, the game engine provides tools to work in 3D and 2D. Especially 2D instruments are strong points of Unity compared to Unreal Engine. Moreover, by adding specific plugins, it is possible to extend the functionalities of the engine.
The engine is free to use until the revenue of the company exceeds $100 000.
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Figure 17 Hearthstone
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Figure 18 Gwent: The Witcher Card Game
[bookmark: _Toc69890633][image: The Elder Scrolls®: Legends™ on Steam]
Figure 19 The Elder Scrolls: Legends

[bookmark: _Toc69890634][image: Hand of Fate 2 Review - GodisaGeek.com]
Figure 20 Hand of Fate
The pictures above show examples of card games made with Unity (Hearthstone, Gwent: The Witcher Card Game, The Elder Scrolls: Legends, and Hand of Fate). The first three games are focused on multiplayer mode apart from Hand of Fate which is based on single-player adventure. These games are evidence that Unity is the perfect game engine for making simple games with closed-world - taking place often into one scene.
[image: Cuphead game review: a tribute to the golden age of animation - Sekg]
[bookmark: _Toc69890635][image: Save 50% on Hollow Knight on Steam]
Figure 21 Cuphead and Hollow Knights are great examples of the 2D games made with Unity. What is more, both games were developed by indie games studios.
[image: Get Customers with Pokemon Go #Gottacatchemall - Business 2 Community][image: How To Download And Install New Custom Songs On Beat Saber]
[bookmark: _Toc69890636][image: Superhot VR (Oculus Rift) Review | CGMagazine]
Figure 22 The products of collaboration with AR and VR technologies and Unity are Pokemon Go (AR), Beat Saber (VR) and Superhot (VR).


[bookmark: _Toc69890637][image: Wasteland 3 putting on a 3rd developer diary places weight upon players  shoulder on 'Choice and Consequence' - BunnyGaming.com]
Figure 23 Westland 3

[bookmark: _Toc69890638][image: Pictures of Pillars of Eternity 2: Deadfire 18/43]
Figure 24 Pillars of Eternity

There are many excellent RPG video games created with Unity. It is considered that this engine is perfect for such games because of the useful mixing of the combination of 2D tools and 3D functionalities. The pictures are presenting screenshots from Westland 3 and Pillars of Eternity.
[image: Fortnite Meets Mario Party In Fall Guys Ultimate Knockout -]
[bookmark: _Toc69890639][image: Overcooked 2's Carnival of Chaos DLC adds new levels, cannons, and combo  meals | EGM]Figure 25 Fall Guys and Overcooked are the symbols of the success in making simple games with Unity.
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Unreal Engine, created by Epic Games, is an advanced creation platform used to produce games, cinematics, simulations, and architecture concepts. It is much more user demanding compared to Unity. Namely, the Unreal Engine offers more advanced solutions and tools to generate high-level graphical effects. For example, ray-traced rendering is one of them - it simulates paths of lights in a game, so the game world becomes more photorealistic. The main programming language for Unreal Engine is C++, which is a low-level programming language precise in use. Also, C++ is much more complicated than C# and may discourage new users. However, it allows for broader control over the developed application. Therefore, the engine is preferred by larger groups of games developers, mid and large games studios.
Similarly, to Unity, Unreal Engine is prepared to make games on various platforms, mainly focusing on 3D productions. There are many sources of information regarding the work with the engine on the Internet. Likewise, there are some tutorials and communities, which help to become familiar with the engine. Moreover, Epic Games encouraged beginners to use Unreal Engine by implementing “Blueprints”, which allow making games without coding. However, this approach can be considered non-valuable by programmers as it gives less independence in creating application and does not benefit the full power of the provided tools. Additionally, the company offers access to the Marketplace containing assets for games.
Developing games with Unreal Engine is free until the published product starts to be monetised. In that case, a 5% royalty fee is charged by Epic Games.

[bookmark: _Toc69890640][image: Playerunknown's Battlegrounds: Benchmarks för stationära och bärbara  datorer - Notebookcheck.se]
Figure 26 PUBG game

[bookmark: _Toc69890641][image: Download Fortnite: Battle Royale for Free on PC]
Figure 27 Fortnite

Nowadays, PUBG and Fortnite are the most popular games in the Battle Royal genre. Both games were developed with Unreal Engine and can be evidence that the engine works perfectly with low-poly graphics and more realistic graphics.
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Figure 28 Gears 5

[bookmark: _Toc69890643][image: Hellblade: Senua's Sacrifice HD Wallpaper | Background Image | 1920x1080 |  ID:871180 - Wallpaper Abyss]
Figure 29 Hellblase: Senua’s Sacrifice

The screenshots are presenting scenes from Gears 5 and Hellblade: Senua’s Sacrifice. The games show instances of using powerful tools used to advancing graphics effects.
[bookmark: _Toc69890644][image: Image 6 - Time Machine VR - Mod DB]Figure 30 Time Machine VR

[bookmark: _Toc69890645][image: Batman: Arkham VR' Review on PlayStation VR (PSVR) - Road to VR]Figure 31 Batman: Arkham VR
Despite the technological capabilities of Unreal Engine, it seems that there are fewer games based on augmented reality and virtual reality than similar games made with Unity. Nevertheless, Time Machine VR and Batman: Arkham VR are examples of implementing new technologies in games made with Unreal Engine.
[bookmark: _Toc70023744]Game Engines Conclusion

Finally, it was decided that the application will be created with the Unity environment as it is more user-friendly than Unreal. Also, broad access to learning resources and tutorials, as well as to the Unity community and free assets, were a decisive factor.
The next step was to obtain knowledge and skills regarding the Unity games engine. Therefore, the “Complete C# Unity Developer: Learn to Code Making Games” online course, available on Udemy, was completed. The course covers some essential topics such as basic C# programming and more advanced issues like managing UI & canvas, animating objects or using the cinema machine tools. Furthermore, a few simple games were made through the course as educational experiments.
Additionally, the other primary sources of getting information about Unity were YouTube channels, which are focused on making games with Unity – Brackeys, Code Monkey and Comp-3 Interactive. The other reference to gain knowledge about Unity was the official Unity documentation webpage.



[bookmark: _Toc70023745]AR SDKs

When choosing a development kit for an augmented reality project, it is crucial to find one that supports all the features planned to implement into the application. The issues required to consider were costs, platforms, image recognition and tracking systems.
However, the main required element of the SDK is to be compatible with Unity as this is the framework in which the final application will be created. Hence, to find out the most suited solution, the various augmented reality toolkits have been researched.

[bookmark: _Toc70023746]ARCore

ARCore, developed by Google, is a software development kit for building augmented reality applications for Android devices [20]. Environmental understanding, motion tracking and light estimation technologies are used to integrate virtual content with the world seen through the camera. Tracking the position of the phone relatively to the surroundings is allowed due to motion tracking, whereas the environmental understanding tool detects the location and size of surfaces. Moreover, ARCore applies the Depth API to exploit the RGB camera of a device to creates depth maps that provide accurate information regarding the positions of objects. The other API is responsible for handling the real-life lighting conditions. Namely, a digital object can be realistically lighted as it would be a part of the physical world.
The limitation of ARCore is that it works only on Android devices with version 7.0 and above. However, it is free, and it is compatible with Unity via ARCore SDK.
[bookmark: _Toc69890646][image: ]
Figure 32 MoleCatch AR is the game created with ARCore SDK. (https://i0.wp.com/www.smartprix.com/bytes/wp-content/uploads/2018/06/Screenshot_20180626-175903.jpg?w=300&ssl=1)


[bookmark: _Toc70023747]ARKit

ARKit, produced by Apple, is a toolkit to integrate the cameras of iOS devices with embedded capture motion features developed to provide an augmented reality experience [21]. The most critical aspects of ARKit are Visual Inertial Odometry, TrueDepth Camera and rendering optimisation. Visual Inertial Odometry is used to sense how the camera moves within an environment and keeps a high level of accuracy within the additional calibration. Namely, displayed virtual objects are less vulnerable to disturbances of surroundings. TrueDepth Camera is a face-tracking technology that captures accurate face data by projecting and analysing a depth map of a face. This data is helpful when adding effects to the look, such as virtual makeup or masks. The other thing is that ARkit includes the best available tools to optimise of performance of AR applications.
On the other hands, the downsides to ARKit are that it is limited to iOS devices, and the computer with a macOS system is required to test the code correctly. Still, ARKit is free, and it is supported by Unity after the installation ARKit XR Plugin to the framework.

[bookmark: _Toc69890647][image: Smash Tanks gameplay! - Multiplayer Tank Battles in AR (iOS/ARKit) - YouTube]Figure 33 AR Smash Tanks is an example game developed with ARKit SDK. (https://i.ytimg.com/vi/d77aCN67a6A/maxresdefault.jpg)


[bookmark: _Toc70023748]Vuforia

Vuforia is one of the most popular platforms for creating AR application. The reason is that developers can easily implement augmented reality to any application since Vuforia works on iOS as well as Android devices [22]. The significant capability of the platform is using computer vision technology to track and recognise 2D images and 3D objects in real-time. For example, image recognition allows for the detection of predefined graphical symbols. On the other hand, the object recognition feature supports the detection of prescanned 3D shapes. 
The recognition process can be achieved due to using the database based on local or cloud storage. This image capturing technique enables positioning the virtual models in relation to surroundings through camera vision. However, the most important advantage of the SDK is the simple incorporation of the Vuforia plugin to work with Unity, which is user-friendly and straightforward to use.
All functionalities of Vuforia are available for free but publishing the final application requires a purchased licence.
[bookmark: _Toc69890648][image: Smart MFG for Android - APK Download]
Figure 34 The PTC company used Vuforia and Unity for industrial purpose. One example is The Smart MFG AR application, which guides a user through the manufacturing drone process (https://play-lh.googleusercontent.com/xoekWk_BxldMRfq3iCzpODl44FbfYDx_aXbCj1lY7dT1Yi

[bookmark: _Toc70023749]AR SDKs Conclusion

Vuforia SDK has been selected as the topic for further studies due to work regarding the application development process. The reason for that is the fact that Vuforia offers extended tools for the manipulation of image recognition and tracking systems. This could be useful in case of planning to make an augmented reality card game. What is more, Vuforia allows for managing the detection of many images at the same time.
Additionally, the chosen SDK is easy to implement with Unity. Accordingly, it seems to be intuitive in use with the game engine. Also, Vuforia allows for access to broad documentation of the product, as well as many available tutorials and courses that are teaching this technology through practice.


[bookmark: _Toc70023750]Vuforia Further Research

After comparing three of the most popular AR technologies and preliminary research about them, it was settled that Vuforia is the SDK that must be analysed deeper during further studies. Hence this part of the report is describing the features and the design of Vuforia in details.

[bookmark: _Toc70023751]Data Stream

[bookmark: _Toc69890649][image: ]Figure 35 Data flow diagram of Vuforia SDK. (https://windows-cdn.softpedia.com/screenshots/Vuforia-SDK_1.png)

The data stream of Vuforia SDK is split into four modules: database, inputting, tracking and rendering output. The mobile device can size images of each frame in the current scene through the camera [23]. Further, it can identify objects and match them within the database accordingly to the pixel format conversion. Next, a 3D virtual model is displayed in the final frame.
[bookmark: _Toc70023752]Tracking

Tracking algorithms functions applied by Vuforia are based on natural feature tracking. Basically, natural features in images are sharp details such as tips or corners of a polygon [24]. This technique divides an image into sections where each section is shifted in some directions. The changes in the image intensity are sized regarding the RGB value. For example, if a section of an image contains a straight line, a change along the edge will result in small RGB value changes.
On the other hand, significant changes in the intensity can be provoked by a shift perpendicular to the edge. Due to these changes, the tracking algorithm determines features and maps their positions. Fundamentally, the features define a target that can be detected by the application and allocated in a relational coordinate system. In the case of Vuforia, the coordinate system consists of the pattern assigned by natural feature tracking.
[bookmark: _Toc69890650][image: ]
Figure 36 The picture is demonstrating what is registered as a feature by Vuforia. The natural features are indicated by red circles. The circle does not contain any features because of the lack of corners or other sharp details.
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Extended Tracking

Extended tracking is a tool to track targets, which are surrounded by natural features. Moreover, a map of features surrounding the targeted object is generated by Vuforia to maintain detection even if the target is not within the camera view [24]. However, creating and updating the map is computationally demanding.
Also, Vuforia allows for tracking and augmenting static areas and spaces.  To do this, a 3D scan must be generated as an accurate model of the environment. For instance, the targets can be used to attaching spatial instruction dedicated to stationary machinery.
[bookmark: _Toc69890651][image: Vuforia Image]Figure 37 Extended tracking can be used for tracking large static areas like industrial halls (https://library.vuforia.com/content/dam/vuforia-library/articles/Features/environments/area-targets/area-targets-hero-images/area-target-feature-image-factory2.jpg/_jcr


[bookmark: _Toc70023754]Databases

Vuforia supports three distinct types of target databases:
· Device databases - keep Image Targets, Multi-Targets, Cylinder Targets and Object Targets on the memory of a user device, so the Internet connection is not required to process the data. Thereby, device databases responses providing reliable detection and fast proceeding time.
· Cloud databases – stores Image Targets on the Vuforia Cloud Recognition service. The application can have access to an immense amount of image targets over the Internet. Nevertheless, the speed of identifying process is dependent on the quality of the network connection.
· VuMark databases - stores VuMarks on a user device. VuMarks are kind of QR codes from Vuforia. Using them improves the efficiency of the detection process.


[bookmark: _Toc70023755]Image Recognition

Due to using the Target Manager, an image target can be defined as any image of choice. Nevertheless, not every image is a good target. The detection of an image target is dependent on factors like the number of included details in it and its presented composition [24]. Namely, more unique features contained within the image makes it easier to recognise by Vuforia. An example of a not-efficient target is a shape without sharp edges like the shape of a circle.
[bookmark: _Toc69890652][image: ]Figure 38 The camera recognition cycle.
	


[bookmark: _Toc70023756]Object Recognition

Object recognition utilises natural features to detect and track 3D objects [24]. Moreover, Vuforia has created a scanner application to scan small objects to notice their characteristic features. Therefore, they can be easily detected by the camera. The mentioned data is provided to the target manager by analysing the pixels of the image. Accordingly, the object can be recognised from various angles and sites. This mechanism is helpful in adding augmented details to real things like toys or manuals.
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Figure 39 The example of using the Object Recognition feature.

[bookmark: _Toc70023757]Ground Plane

Vuforia Ground Plane is a tool that enables digital content to be placed on horizontal surfaces in the environment, such as tables or floors. Moreover, the tool supports placing content in mid-air anchor points to look like it is levitating. Understanding the basic geometry of the environment is utilised by Ground Plane due to referring to images from the device camera. Therefore, it is essential to choose the perfect environment to enable the camera to capture the details of the surroundings accurately. The ideal environment should contain stable lighting conditions which avoid glare and dark shadows.
Ground Plane can be used only on a mobile device with support of the SmartTerrain and Device tracker capabilities. SmartTerrain is responsible for detecting and tracking surfaces by execution of hit tests in the World Coordinate Space. The hit testing is a projection of a virtual ray into the world at a specific location to determine whether the ray intersects a surface.
Moreover, when the correct surface is detected, a surface indicator is enabled. It is a UI utility tool to inform users in real-time of where they can place their content.
[bookmark: _Toc69890654][image: Vuforia in Unity: Build cross-platform AR apps - Unity Technologies Blog]
Figure 40 The image is presenting the Ground Plane detection feature, which finds flat surfaces. After providing the input, a 3D model is spawned at the indicated spot.


[bookmark: _Toc70023758]Target
Target is a pattern of natural features predefined by the developer [24]. The Vuforia tracker aims to locate a specific representation of an image or object. Thereby, Target Manager is managed to identify and compare the pattern it is looking for against a known resource database. There are types of targets categorised by Vuforia:
· Image Targets are the images that can be tracked and detected by the Vuforia Engine. Once the image target is recognised, the SDK will start to track the image and augment the content assigned to it.
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Figure 41 The example of image recognition. The picture is showing 3D models, which are displayed when the card is recognised by the camera  (https://library.vuforia.com/content/dam/vuforia-library/articles/Features/images/image-targets/mars_4_astronaut.jpg/_jcr_content/renditions/cq5dam.web.1280.1280.jpeg).
· Multi-Target is a collection of multiple Image Targets combined into a geometrical figure. It aims to allow tracking and detection of the multi-target image from all sides. The multi-target can be recognised as soon as at least one of the contained image targets are found.
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Figure 42 The example of multi-target recognition. In this case, the target is the colourful box. When the box is detected, the view of the camera displays a 3D model standing on top of the box (https://library.vuforia.com/content/dam/vuforia-library/articles/Features/images/multi-targets/feature-image-multi-targets.jpeg/_jcr_content/renditions/cq5dam.web.1280.1280.jpeg).
· Cylindrical Target enables tracking and detecting images wrapped into conical and cylindrical shapes like cans or bottles. The sides and the flat bottom and top of the Cylinder Target can be tracked due to the available system.
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Figure 43 The example of recognition of images wrapped into cylindrical shapes. The camera is displaying a 3D model of a drone when the target is detected (https://library.vuforia.com/content/dam/vuforia-library/articles/Features/images/cylinder-targets/feature-image-cylinder-targets.jpeg/_jcr_content/renditions/cq5dam.web.1280.1280.jpeg).

· VuMark is similar to a bar code that allows for customising and encoding data freely as simple graphical symbols. Essentially, VuMark acts as an AR target, but it is more comfortable in implementation and design. The important advantage is that one unique VuMark can be designed for every individual item.
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Figure 44 The example of VuMard designed by Vuforia(https://vuforialibrarycontent.vuforia.com/Images/Vuforia_6_Images/DesignGuide/image5.png).

[bookmark: _Toc70023759]Design & Implementation
The main purpose of this research is to enhance a card game with augmented reality features. Therefore, a concept of the game and the design of its elements were required. The core of the designed game is based on a two-player physical card game that can be augmented due to the implemented mobile application. Thus, the game is playable without digital add-ons. However, users can also use their mobile devices to extend the gameplay experience. Namely, the camera of a device can add augmented reality features to the played cards. Furthermore, the application plays music in the background and automatically counts required values like health points, and next, it displays them as UI. Additionally, players may use only one mobile device to perform all these improvements.
The theme of the designed game is an arena battle between two medieval fantasy heroes who aim to defeat each other. Players choose their heroes and arrange a deck of cards that represents various abilities of the hero. Cards can be played from the hands of players one by one, depending on the current turn. 
The game had to be simple because of the proposed objectives of the project, and a card game combines the features of simplicity and potential usability in work with augmented reality. Previous studies pointed out that cards are an excellent material for image targets. They can be easily detected and tracked by the camera. They are also perfect for the augmentation of pictures attached to them as 3D models that make the game more realistic and interesting. Furthermore, using the application is a great way to learn the game. The UI elements indicate the turns of the players and display counted statistics of the heroes so that users can focus on their strategy.
To achieve planned ideas and solutions, the requirements of the project have been stated. Those steps were goals needed to finalise the researched topic.
· Research the nature of card games.
· Research examples of augmentation of traditional games.
· Learn augmented reality technology with Vuforia SDK.
· Design the game and cards.
· Develop augmented reality mobile application with Unity.
To summarise, developing an augmented reality application that uses a card game as a physical fundamental is the best way to learn this technology and discover issues and constraints of game developers during the production process. Moreover, the created application can be a reference for further studies or even a role model for future augmented reality games.  

[bookmark: _Toc70023760]Concept
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Figure 45 The very first conceptual model of the game.

The picture above is showing the very first prototype model of the design of the game. It is used in the physical version of the gameplay without the usage of the application. There is a whiteboard representing a play arena where a player can place a character, play cards and see its current score.
The golden diamonds at the top of the arena will display the health points of the player.
The rounded, red rectangles are slots for characters, set and spawn at the beginning of the game by placing a character card on the slot.
The rounded, blue rectangles are the place where players can put the abilities cards from their hand.
The rounded, green rectangles are cards on the hand of the players, which represents the abilities of their characters. These cards represent skills, attacks, or enhancements, which can be played during gameplay. Their functionality is passed onto the character, whose role is to perform designed action.
The logic of the game is that players start by setting character cards on the designed slot. Accordingly, the game initialises their score/hit points. The abilities slots are empty at the beginning of the game. Next, the starting player is the first player who places a character in the arena. The abilities cards are played one per turn by placing them on the own empty ability slot. The played card dictates the character action. For example, Player One uses the ability card that makes the character attacks the enemy. After resolving the action, the current player draws one card from its deck, and the turn is finished. Likewise, the next player commences its turn. The game is over when one of the health points is equal to zero, or there are no cards left on the hands. The armour and health points of the characters can be counted by using special markers or counters.
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Figure 46 The image is presenting the final version of the designed game without using the application.
The digital version of the game using an augmented reality application includes the same rules. However, the concept of the gameplay area had to be adapted to the limitations of using Vuforia SDK. The camera is set to detect only three image targets at the same time. Two of them are placed heroes whose cards are tracked in extended mode, so they do not disappear from the view of the camera even if they are moved outside the displayed area. This trick allows for leaving a space for the third card - an ability card played by either the first or second players. The ability cards are tracked by default, and when the camera lost the third target, the slot for the ability card becomes empty, so then another ability card can be played. Also, these mechanics help to prevent playing more than one card during the turn as only three image targets can be tracked at a time. The only obstruction is that players must keep playing their own cards during their own turns as there is no solution to check which cards belong to whom. In the future, this problem can be solved by asking players to approve the action by providing a move approval command.
Furthermore, the effects of augmented ability cards are displayed when they are used. Instead of just a text described the mechanic on the card, users can also see its visualisation on the screen. For example, if the fireball card has been played, the players can see a fireball made of particle effects shooting towards the opponent and dealing the damage.
Another difference in playing with augmented reality application is applying UI. At the beginning of the combat, the user is asked to find a flat surface. Due to the incorporation of a Ground Plane game object, the game should indicate such a space in the camera view. The presence of the square marker indicates the available flat area on the screen. User can touch the screen to confirm the position of the marker, which is also the position of the displayed UI.
Consequently, text elements should be printed as they would be set on a flat surface such as a table or a floor. The displayed text informs players regard the current round, turn and state of the duel. Also, players do not need physical counters for counting health points and armour of their heroes as this data is displayed above the 3D models of heroes in the form of text and sprites. Moreover, UI elements applied to the models are 2D sprites, which were modified via code to always look at the position of the camera. Accordingly, they create an illusion of being a part of 3D characters.
Finally, the augmented version of the game offers access to sounds. It is possible to turn on the music to create a better atmosphere during the gameplay. Additionally, attacks and characters make sounds depending on the situation. It is believed that sound effects are essential for digital games as they improve immersion. Therefore, adding sound effects to traditional games can be an interesting feature enhancing the augmented reality experience.
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Setting Up Vuforia and Unity

Firstly, to work with Vuforia, it is required to register on the Vuforia website. The registration is done by navigating https://developer.vuforia.com/vui/auth/register and providing personal details. 
Secondly, after login into the Vuforia account, the unique licence key should be generated. It possible to choose between a free Development Key and a paid one. The difference is that you can work with Vuforia for free using a free Development Key, but if you want to publish the application, you must purchase the commercial license. 
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Figure 47 The license key is generated after providing the name for the application and clicking on getting Development Key.
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Figure 48 The picture of the Usage tab.
The final step is to incorporate Vuforia with Unity together. Thankfully, Vuforia is fully integrated with Unity, so the SDK installation is simple and can be done by importing plugins from Package Manager into the game engine. Vuforia 9.6.4 is the version of the implemented SDK.
Unity installer is downloaded from https://store.unity.com/download?ref. Unity LTS 2019.4.14.f1 is the selected version of the game engine. During the installation process, the preferred platform is chosen. In this case, Android Build Support, iOS Build Support and Vuforia Augmented Reality Support are selected as the final application aims to implement AR technology on mobile devices. Accordingly, the application can target a wider audience of users.
When the installation of Unity is finished, the project can be created. It is arranged by selecting a template, naming the project, and allocating the path on the disc. The very first operation after setting up Vuforia is to delete the Main Camera in the Hierarchy window and replacing it with the ARCamera object from the Vuforia Engine toolbar. Then, in the Vuforia Configuration tab, the generated license is assigned.
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Figure 49 The AR Camera component uses the camera of a mobile device to display the scene and detect and track the targets.
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Figure 50 The Vuforia Configuration window. The license key was added to the project.

At this point, setting the environment to work with Vuforia and Unity is accomplished. Consequently, the engine is ready for starting implementation of the game project.
[bookmark: _Toc70023762]Cards

Designing cards was a key process in developing the augmented reality application. Thereby, the cards had to be easily detected by the camera. After studies regarding how image targets are detected and conducted experiments, the final version of the cards has been produced. The cards are made of pre-made assets from the Humble Bundle website and Unity Assets Store. However, they were modified and redesigned in Adobe Illustrator.
The Vuforia system poorly recognised the very first design of the cards as they presented not enough natural features which could be detected by the camera. Also, the weak recognition was caused by low contrast and lack of sharp edges.
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Figure 51 The examples of the very first design of cards.

Newly designed cards fixed the issues with tracking and recognition by Vuforia. Namely, the additional unique features have been added to them, which allowed for easy detection by the camera. The sharp edges were implemented on the contours of graphics, and two types of unique signs were set for each kind of card - one on the top left and one behind the main graphic. Those changes gave an individual look and contributed to better recognition of the image targets as they increased the number of natural features. Consequently, the program can manage to identify specific types of cards.
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Figure 52 The examples of newly designed cards.

Finally, the latest version of the cards has been improved regarding their descriptions, clearly informing players what the cards do. Also, some abilities of cards were extended to make them more interesting and add some extra mechanics to the game. For example, the hero cards indicate what their starting value to health and armour is. And the fireball ability card deals a massive amount of damage by ignoring the armour of the opponent.
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Figure 53 The examples of the final design of the cards.
The game can detect the cards due to using Vuforia SDK. They have been uploaded as image targets on Vuforia Developer Portal, where they are processed as a database, which can be used in Unity as a reference to what the camera can track. Vuforia Developer Portal applies algorithms to analyse and assess the uploaded images regarding their ability to be detected. The feedback for assessed images is in the form of granted stars from one to five. The awarded stars indicate if an image target will be easily identified by the camera. Basically, 4 or 5 stars is the desired outcome.
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Figure 54 The database of the uploaded cards. The image targets have been rated for four stars, which is a value that indicates that the camera should not have a problem with tracking and detection of them.

The final version of the cards has been tested and printed in a printing shop. Accordingly, players can build their decks, choose their heroes before the game, and then test the application.
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Figure 55 The presentation of the printed cards.

It was previously mentioned that the created game is playable without the need of running the application. The issue of physical counting health points and the armour value of the heroes have been solved thanks to borrowing a health tracker kit from another board game. On the red side of the tracker, the player can set a health value and on the blue side, the armour value. The example is shown below.
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Figure 56 The example of using statistics tracker in the non-digital version of the game.
The cards are the main element of the game. Hence their references in the application must be well organised. A card object is responsible for storing information regarding one type of card. The held data can be used to apply the effects of the cards during runtime. Similarly to sounds, the cards database has been created. CardsManager stores it, and it helps to add new cards to the game easily.
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Figure 57 The card object holds the references to the name, attack value, block value, healing value, an animation that may be forced to play and a prefab that can be required to instantiate a game object.
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Figure 58 The card manager is a database for abilities cards.
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Cameras

Dependent on the current scene, two different camera types are used. For the main menu and options screen, the camera is set to Unity default camera, whereas in the game scene, the primary camera is set to ARCamera. ARCamera is a predefined by Vuforia game object with all characteristics of the Unity default camera and additional augmented reality options. Namely, using the camera from Vuforia gives the tools for the detection of targets.
However, some modification to the ARCamera has been applied as sometimes the issue of losing focus occurred. The screen was blurry, and any detection or tracking was impossible to perform. This issue was caused by the default setting of the camera turning off autofocus while the application is running. To eliminate this problem, a code solution has been found. Due to incorporating a CameraFocusController script, the camera is forced to adjust the focus setting automatically.
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Figure 59 The CameraFocusController script.
[bookmark: _Toc70023764]Image Targets

Image targets game objects represent images uploaded to the target database on Vuforia Developer Portal. Also, the image targets are a part of Vuforia SDK. Namely, when the camera recognises a physical image target, in this case, a card, a relevant image target that has a form of the game object is activated in the scene.
For instance, a hero character is attached to an image target game object. Hence, when the physical card of a hero is detected, the hero character model and other components attached to it appear on the screen. 
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Figure 60 The organisation of the image targets objects in the scene.
Additionally, functions or even classes can be triggered in the same way. Some ability cards activate only events without visual elements. The required process can be called when the target is found or/and it is lost. It gives flexibility in designing how the game system work and facilitate the implementation of various behaviours of a hero character.
Vuforia allows for tracking and recognition multi targets at the same time. However, this is computationally demanding for mobile devices. Thereby, the limit of detected cards is set to three. Fortunately, this combines perfectly with the mechanic of the game as players can play only one card per turn, while two hero cards are already in play.
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Figure 61 The inspector window of an image target object. Some events can be triggered on target found and on target lost. Also, tracking mode can be selected for the given image target.


[bookmark: _Toc70023765]Battle Mechanics

The battle mechanic is controlled by a script called BattleSystem. It is responsible for regulating the game flow and initialising the turns during the gameplay. The state of the game is to keep as an Enum value. The turns of players are stated due to using coroutines functions, which combined, make a kind of state machine. A coroutine is a function that processes some block of code, then waits for an event, which is, for example, finishing the action by one player, then process the rest of the code. Coroutines allow for creating a turn-based system in the game. When one of the players is defeated, all coroutines are stopped, and the game is ended.  
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Figure 62 The diagram is presenting how the state machine works.
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Figure 63 The example of using coroutines to implement state machine controlling the battle system.


[bookmark: _Toc70023766]3D Models

The main augmented reality feature of the developed game is displaying actions and characters on the mobile phone screen due to using augmented reality. Accordingly, by using the AR camera, the user can see a 3D model of a hero standing on the surface of the related card. Moreover, it can see all triggered actions performed by this hero.
At this stage of development, two models of heroes have been created. The models are the assets made by Polygon. The obtained models are low-poly, which means rendering them by augmented reality application is not as computational demanding as rendering high poly models. Namely, using Vuforia features is quite overloading for mobile devices. Hence, optimisation by using low-poly models was a significant improvement.
Moreover, the characters have been animated so they can make animated moves that simulate the process of a duel. Thereby, the game is more dynamic.
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Figure 64 The examples of implemented low poly models of heroes.
Furthermore, the game design has been enhanced by implementing particle effects that simulate various visual effects like flames or smoke. Also, particle effects were used to create a fireball that can be shot by a hero towards its opponent. The other designed effect is the healing effect which is triggered by playing a healing potion card. The effect seems to work well with augmented reality application. Moreover, they improve the level of game immersion. For example, they emit lights that illuminate nearby objects. Additionally, applying a particle system for a given action highlights this action. Hence, players are able to figure which ability card is currently played by watching the performed action rather than reading a card description each time.
[bookmark: _Toc70023767]Music & Sounds

Music and sound is not a standard element for traditional games. However, augmented reality application can enhance a game with those features. Therefore, it is a good approach contributing to a more enjoyable game. Following this idea, a music theme has been employed in the application. Moreover, players can hear the sounds make by heroes and their attacks during the gameplay.
The sounds files are organised in the form of a database and kept by Sound Manager. Each sound element stores values for sound name, volume, file reference, pitch, and loop. This utility allows for playing various sounds and setting them across the application by using the PlaySound function, where the parameter is the name of a sound.
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Figure 65 This script is responsible for holding a sound object ad its options.
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Figure 66 All set sound files are uploaded at the beginning of the program by Sound Manager.
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Figure 67 The sounds database can be seen in the inspector window of the Sound Manager object.
What is more, players can set the volume of music and sounds in the options window by regulating the sliders. Options are saved due to using OptionsController and PlayerPrefsController scripts.
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Figure 68 The structure of OptionsController and PlayerPrefsController scripts.
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Lighting the characters in a game was problematic in the beginning. The main source of light was direct light placed in the scene at a static position. Consequently, the models looked dark, and they did not match the real environment around them.
The other tried solution was to bake lights for models so they would be better visible. However, this approach added false effects, which also negatively affected the appearance of the scene as integrity.
Finally, the last idea was to attach directional light to the camera game object that is related to the camera of the mobile device. Due to the movement of the camera, the position of the light is changed. As a result, the primary source of light is dynamic, and it illuminates characters more realistically.
Additionally, realistic shadows have been applied to improve the immersion of characters within the real world. It was done by attaching the plane game object under a character and setting a specifically prepared material and shader called ARShadowSurface. Namely, the shadows cast by characters are displayed on the surface of the attached plane. Thereby in the game, the player sees the illusion of shadows cast on real surfaces like a tabletop. This approach blends the digital elements with physical ones effectively.
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Figure 69 The example of attaching a directional light object to the ARCamaera object.
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Figure 70 The example of shadows effects applied to 3D models.
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The User Interface of the application is simple. Namely, it is divided into two parts, the main canvas managed by Game Manager and the heroes canvas assigned to hero characters. The main canvas is part of the main menu, options, and the ground plane elements. Implemented buttons are 2D sprites, while the background is a real environment seen by the camera. Previously, to maintain the characteristic design of the game and the atmosphere of medieval fantasy duel, the old English font had been chosen. However, it was noticed that it might be hard to read. Hence, the new font was selected, which is a Celtic font. It is more readable and still matches the main theme of the game.
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Figure 71 The main menu scene. By clicking the button “New Game” user can start the game. The button “Options” opens the option scene. And button “Exit” forces the application to exit.
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Figure 72 The options scene. User can modify sliders to set the volume of sounds and music. Clicking the button “Save” saves the setting, whereas clicking the button “Default” restores them to default values.


The UI of characters is a digital representation of the information described on the hero cards. It is automatically displayed above the hero 3D model when the hero card is played. Moreover, the aim of the hero UI is to help players identifying the current health and armour value of their characters. Hence, this data should be representative and easily visible. The issue was that UI is a 2D element, and in this case, it is displayed in World Space. Accordingly, when the user moved the camera, the 2d canvas stayed static. The solution occurred in the script, which forces the hero UI to look at the position of the camera. The coordinates are updated each frame. This mechanics helps players not be distracted by trying to move the camera to find the statistics of their characters.
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Figure 73 Simple script responsible for setting heroes UI to look at the camera position.
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Figure 74 The screenshot is presenting how UI is placed during the gameplay. The heroes UI is displayed above characters, and the ground plane UI is set on the surface of the table.
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The application has been tested each time a new feature was added to the project. This included changes in code and design. The tests were carried out for practical examples. Namely, before each test, an application build had to be done on the mobile device - Huawei Mate P20 Pro. Because of the need to record the results, a specific test schedule template was designed, the same for all tests. The schedule allowed for analysing each step of a conducted test, so it was easier to debug errors or check if a particular bit of the program works correctly. Unfortunately, user testing could not be performed due to pandemic circumstances. 
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Figure 75 The test schedule template.

Furthermore, it was essential to protect the program from losing data. Hence, a reliable version control software was required. Finally, Unity Collaborate was chosen, which is paid but easy to use. It keeps data safe, storing it in the Unity cloud. Unity Collaborate holds backups for each made commits, so it is straightforward to back changes to the previous working version when something goes wrong.
[bookmark: _Toc70023771]
Evaluation

The collected data proves that augmented reality can have many applications. This technology can be used in many industries, including the gaming industry. As shown in the research and developed application, augmented reality can be the next step or a new way of gaming experience. Besides, it can be the base for new mixed reality games that treat the physical environment as a playground. Moreover, it can be an addition to already created physical games, such as card games or board games. Also, some ideas can combine both described characteristics. Consequently, the main advantages of traditional games like socialising aspects may be merged with the benefits of digital gaming.
Augmented reality allows for the fusion of two types of gaming, encouraging the broader public to try it. For example, board games can use technology for educational purpose. New players might find playing the traditional game easier to understand when the application introduces the basic rules to them, just by displaying digital information over visible physical elements of the game.
The objectives of the project have been achieved. Implementing augmented reality technology was studied through practice as the outcome of the study is working card game. It was established that traditional games could be enhanced with this technology. Especially, card games are good for that. Cards seem to be natural image targets for recognising them by the camera.
However, augmented reality is still a new thing, and there are not many games using this technology on the market. During the development process, it was noticed that available developer tools regarding augmented reality not always provide working solutions. For example, the recognition process was limited as the default AR camera from Vuforia tended to block autofocus mode. As a result, the display was blurry, and the detection of image targets was impossible. The solution was to implement the script which keeps autofocus on while the application is run. Moreover, the issue was previously notified by other developers but never solved by Vuforia itself. 


The other limitation in the popularisation of augmented reality games is the devices that can handle such applications. It was revealed that augmented reality programs are computational demanding. The experienced effect of that was overheating of used mobile device and quick discharging of its battery.
It was rapidly understood that augmented reality needs time for adaptation. Hence, improvements in other technologies and broad access to high-end devices may contribute to accelerating the evolution of this technology.
On the other hand, the issues that occurred during work on the application were often solved due to modifying the design of physical elements of the game rather than via code. For instance, the very first design of cards included not enough number of natural features, so Vuforia SDK poorly recognised the cards. There was no approach to solve it with the programmable script. Therefore, the design was changed following the findings regarding how Vuforia SDK detects image targets. Consequently, the additional shapes, contours and colours were added to the final design of cards, so their recognisability was improved.
One of the problems which have not to be solved by design is the comfort of operating a mobile device and playing a card game at this same time. This topic is the field that was not considered through the studies. However, it could be broader analysed.
The other issue was dictated by pandemic circumstances. Unfortunately, the designed game could not be tested by users as it demands rather close contact with other players. Still, further testing may be considered as the new aim for further research.


[bookmark: _Toc70023772]Conclusions & Recommendations
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To sum up, the outcome of conducted studies is designed card game and augmented reality application. The application cooperates with the game contributing to enhancing the experience of the gameplay.
The project allows users to play the developed card game without digital content. However, users can also use their mobile devices to use the created application to see extra digital features applied to the physical elements of the game. For instance, when the camera recognises the designed cards, it triggers digital content attached to these cards thanks to Vuforia SDK. Players can see 3D models of the heroes and follow the actions performed by them.
Playing with the application also aims to combine the benefits of board games and digital gaming. Namely, it keeps socialising aspects, and at the same time, it provides tools concerning computer games like automatisation of some processes, e.g., displaying and counting health points.
Moreover, various visual and sound effects have been implemented into the application. The achieved light effects and incorporated techniques established the illusion of shadows casting by 3D models on real surfaces. The other improvements are the sounds effects which do not usually go with the traditional kind of games. Therefore, sounds were also added as variations that increase the level of immersion and engagement of the users. Aside from displaying heroes and their actions, the related sounds can be heard. In the case of board games, hearing a sound of steps while moving a pawn or the sound of a fight during an attack action is something innovative.
Furthermore, working on the project as a developer resulted in obtaining new skills and knowledge in the field of games development. Nevertheless, some limitations of developing augmented reality regarding making games have been encountered personally. This experience began the discussion regarding the issues that game developers must struggle with during the development process.
As was previously mentioned, augmented reality is still maturing as a technology. However, the available augmented reality SDKs grant tools for simple AR applications. Using Vuforia SDK in practice revealed that sometimes the SDK tends not to work according to the documentation. Therefore, the additional solutions, which fixed Vuforia related issues, had to be implemented to the final project.
On the other hand, augmented reality application working on mobile devices is overwhelming for their hardware. Some of the Vuforia functions, such as detecting flat surfaces, can work only for particular models of smartphones. The application was mainly tested on Huawei Mate P20 PRO, which is considered an efficient smartphone. Notwithstanding, even this model had problems with overheating and discharging its battery quickly while the application is running. Consequently, the rapid growth in the evolution of augmented reality might be dependent on the development of smartphones.

[bookmark: _Toc70023774]Recommendations

The suggestion for further work is to research other devices which can be used instead of smartphones to detect and track the targets. Because the developed application includes physical elements to play, it might be inconvenient to simultaneously manage the cards and hold a smartphone during the game. Therefore, it would be worth considering the creation of a holographic display for the game. The other idea is to use augmented reality glasses instead.
Moreover, further studies should focus more on user testing. Unfortunately, it was impossible to present the game to users because of the pandemic restrictions in the United Kingdom. The gathered data would help better understand how augmented reality can affect physical games and their users. This approach will also investigate if this technology is the future of gaming or just a temporary trend.
The last recommendation is to keep tracking augmented reality technological changes and applying them as they go. Furthermore, it might be worth starting research on non-commercial tools, utility tools for working with AR. Namely, the implementation of utility solutions would improve augmented reality features, or it would create a new extension for this technology.

[bookmark: _Toc70023775]Reflection

Due to accomplish stated tasks and objectives, the preparation process was required. It involved taking parts in additional courses or webinars regarding Unity, Vuforia and games development. Moreover, other sources of knowledge were journals, books and reports, as well as videos and blogs relating to the discussed idea.
Consequently, it was learnt how to organise the project and how to develop it. However, a significant part of obtained knowledge and skills consider augmented reality technology.
On the other hand, a card game has been created. Analysis of traditional card games and digital card games provided data and inspiration on how this kind of entertainment can be enhanced with the appliance of augmented reality technology. 
Also, the design of the game was a vast part of the project. The cards were designed in Adobe Illustrator, and they are made with already available assets. They had to be unique due to the requirement of reliable detection and tracking by the application. Therefore, the final design of cards was established through experiments with various versions of cards.
Moreover, the game had to be tested each time the new feature was added. It was noticed that some behaviours of Vuforia SDK could disturb each other. Consequently, problem-solving skills were required to avoid bugs in the program. Some issues were solved thanks to changes in design, but some of them required programming skills.
To summarising, the development process of creating augmented reality game had been started from scratch. It included many stages like gathering assets, research, design, implementation, and testing. Learning through practical example made an improvement of games development skills. Furthermore, studying augmented reality as an innovative technology resulted in creating another creative idea that combines the benefits of board games and digital gaming. Namely, the idea has commercial potential.
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityEngine.UI;
using TMPro;

/// <summary>
/// This is the core of the game. Game Manager is responsible for coordinating game's mechanics like sounds, cameras and canvas.
/// </summary>
public class GameManager : MonoBehaviour
{
    [SerializeField] private List <Character> activatedCharacters = new List<Character>(); // Store activated players
	public List<Character> ActivatedCharacters { get => activatedCharacters; set => activatedCharacters = value; }

	public static GameManager Instance { get; private set; }

	[SerializeField]
	private TMP_Text planeText = null;
	[SerializeField]
	private TMP_Text roundText = null;

	private int roundCounter = 1;
	public int RoundCounter { get => roundCounter; set => roundCounter = value; }

	[SerializeField]
	private GameObject menuCanvas = null;

	[SerializeField]
	private GameObject planeGround = null;

	// Music slider
	[SerializeField]
	private Slider volumeMusicSliderMainController = null; // Volume
	public Slider VolumeMusicSliderMainController { get => volumeMusicSliderMainController; set => volumeMusicSliderMainController = value; }

	// Volume slider
	[SerializeField]
	private Slider volumeSoundSliderMainController = null; // Volume
	public Slider VolumeSoundSliderMainController { get => volumeMusicSliderMainController; set => volumeMusicSliderMainController = value; }

	// The game camera
	[SerializeField]
	private Camera vuforiaCamera = null;

	private void Awake()
	{
		// Set instance of the object
		if (Instance == null)
		{
			Instance = this;
			DontDestroyOnLoad(gameObject);
		}
		else
		{
			Destroy(gameObject);
		}

		SetRoundText(0);
	}

	private void Update()
	{
		//Check if the game scene is loaded
		// Set the reference to the vuforia camera
		if(SceneLoader.Instance.CurrentSceneIndex == 1)
		{
			vuforiaCamera = Camera.main;
			StartCamera();
			ActivatePlaneGround(true);
		}
		else
		{
			vuforiaCamera = null;
			ActivatePlaneGround(false);
		}
	}

	/// <summary>
	/// Set the text for the plain text UI element.
	/// </summary>
	/// <param name="text">Text to change.</param>
	public void SetPlaneText(string text)
	{
		planeText.text = text;
	}

	/// <summary>
	/// Set the text for the round text UI element.
	/// </summary>
	/// <param name="round">The current round's number.</param>
	public void SetRoundText(int round)
	{
		roundCounter += round;
		roundText.text = "Round " + roundCounter.ToString();
	}

	/// <summary>
	/// Enables the menu canvas.
	/// </summary>
	/// <param name="isEnabled">Set to true to enable menu canvas.</param>
	public void EnableMenuCanvas(bool isEnabled)
	{
		menuCanvas.SetActive(isEnabled);
	}

	/// <summary>
	/// Synchronize the slider with music volume.
	/// </summary>
	/// <param name="syncVolume">Synchronised music volume.</param>
	public void SyncOptionsMusicSliders(float syncVolume)
	{
		volumeMusicSliderMainController.value = syncVolume;
	}

	/// <summary>
	/// Synchronize the slider with sounds volume.
	/// </summary>
	/// <param name="syncVolume">Synchronised sounds volume.</param>
	public void SyncOptionsSoundSliders(float syncVolume)
	{
		volumeSoundSliderMainController.value = syncVolume;
	}

	/// <summary>
	/// Enable the camera game object.
	/// </summary>
	public void StartCamera()
	{
		vuforiaCamera.enabled = true;
	}

	/// <summary>
	/// Disable the camera game object.
	/// </summary>
	public void StopCamera()
	{
		vuforiaCamera.enabled = false;
	}

	/// <summary>
	/// Enable/Disable the plane ground canvas.
	/// </summary>
	/// <param name="isActivated">True if the plane ground component is activated.</param>
	public void ActivatePlaneGround(bool isActivated)
	{
		planeGround.SetActive(isActivated);
	}
}
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using System;
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// The states of the battle;
/// </summary>
public enum BattleState
{
    START,
    PREPARE_PLAYER_ONE,
    PREPARE_PLAYER_TWO,
    WAIT,
    PLAYER_ONE_TURN,
    PLAYER_TWO_TURN,
    WON,
    LOST
}

/// <summary>
/// This class is responsible for the management of the turn system.
/// /// </summary>
public class BattleSystem : MonoBehaviour
{
    public BattleState state;

    private bool isCardPlayed = false; // True if a card was played.
    public bool IsCardPlayed { get => isCardPlayed; set => isCardPlayed = value; }

    // The reference to initialised characters cards.
    [SerializeField] private Character playerOneCharacter = null;
    [SerializeField] private Character playerTwoCharacter = null;
    public static Character CurrentlyActivePlayer = null;

    public static BattleSystem Instance { get; private set; }

    private void Awake()
    {
        // Singleton Pattern
        if (Instance == null)
        {
            Instance = this;
            DontDestroyOnLoad(gameObject);
        }
        else
        {
            Destroy(gameObject);
        }
    }

    // Start is called before the first frame update.
    void Start()
    {
        // Define the very first state which is START.
        state = BattleState.START;
        StartCoroutine(SetUpBattle());
    }

	private void Update()
	{
        // Check if player two won.
        if (playerOneCharacter.CurrentHealth <= 0 && state != BattleState.WON)
        {
            StopAllCoroutines(); // Stop all coroutines as the game is ended.
            GameManager.Instance.SetPlaneText("Player 2 won!"); // Set the plane text.
            state = BattleState.WON; // Change the state to WON.
            StartCoroutine(GameEnd()); // Proceed to the game end.
        }

        // Check if player one won.
        if (playerTwoCharacter.CurrentHealth <= 0 && state != BattleState.WON)
        {
            StopAllCoroutines();// Stop all coroutines as the game is ended.
            GameManager.Instance.SetPlaneText("Player 1 won!");// Set the plane text.
            state = BattleState.WON;// Change the state to WON.
            StartCoroutine(GameEnd()); // Proceed to the game end.
        }
    }

    /// <summary>
    /// Proceed to the end of the game.
    /// /// </summary>
    /// <returns>Quit the application.</returns>
    private IEnumerator GameEnd()
    {
        yield return new WaitForSeconds(3f); // Wait three seconds before the end.
        SceneLoader.Instance.ExitGame();
    }

    /// <summary>
    /// The coroutine function for setting up things before the battle.
    /// </summary>
    private IEnumerator SetUpBattle()
    {
        GameManager.Instance.SetPlaneText("Wait");
        // PLACE FOR INITIALISATION THINGS BEFORE PLAYING CARDS
        yield return new WaitForSeconds(2f); // Wait 2s and change the state to PreparePlayerOne.
        StartCoroutine(PreparePlayerOne());
    }

    /// <summary>
    /// Prepare player one for placing the character. 
    /// </summary>
    private IEnumerator PreparePlayerOne()
    {
        GameManager.Instance.SetPlaneText("Play your hero (Player 1)!"); // Inform player about the game status.
        state = BattleState.PREPARE_PLAYER_ONE; // Change the sate.
        isCardPlayed = false; // Card has not been played yet.
        // Wait for the event of playing a card, which is triggered by image target.
        yield return new WaitUntil(() => isCardPlayed == true);
        playerOneCharacter = GameManager.Instance.ActivatedCharacters[0]; // Set the reference to the player one's character.
        StartCoroutine(PreparePlayerTwo()); // Go for prepare player two.
    }

    /// <summary>
    /// Prepare player one for placing the character. 
    /// </summary>
    private IEnumerator PreparePlayerTwo()
    {
        GameManager.Instance.SetPlaneText("Play your hero (Player 2)!"); // Inform player about the game status.
        state = BattleState.PREPARE_PLAYER_TWO; // Change the sate.
        isCardPlayed = false; // Card has not been played yet
        // Wait for the event of playing a card, which is triggered by image target
        yield return new WaitUntil(() => isCardPlayed == true);
        playerTwoCharacter = GameManager.Instance.ActivatedCharacters[1];// Set the reference to the player two's character.
        // Go for battle begin.
        StartCoroutine(WaitForBattleBegin());
    }

    /// <summary>
    /// Make the last preparations before the battle begin.
    /// </summary>
    private IEnumerator WaitForBattleBegin()
    {
        state = BattleState.WAIT; // Change the sate.
        GameManager.Instance.SetPlaneText("Wait!"); // Inform players about the game status.
        yield return new WaitForSeconds(3f);
        // Reset the characters' targets to looking at each other.
        ResetPlayersTargets();
    }

    /// <summary>
    /// This is the utility function for resetting targets for both players.
    /// </summary>
    public void ResetPlayersTargets()
    {
        playerOneCharacter.SetNewTarget(playerTwoCharacter.gameObject.transform);
        playerTwoCharacter.SetNewTarget(playerOneCharacter.gameObject.transform);
        StartCoroutine(PlayerOneTurn()); // Start player one's turn.
    }

    /// <summary>
    /// This coroutine function is responsible for the processing of player one's turns.
    /// /// </summary>
    private IEnumerator PlayerOneTurn()
    {
        // Initialise the players' actions to false.
        playerOneCharacter.IsActionEnd = false;
        playerTwoCharacter.IsActionEnd = false;
        
        state = BattleState.PLAYER_ONE_TURN; // Change the state.
        CurrentlyActivePlayer = playerOneCharacter; // Set the currently active player.
        GameManager.Instance.SetPlaneText("Player 1's turn");
        Debug.LogWarning(state); // DEBUG STATE

        // Wait for the event of playing a card, which is triggered by image target
        yield return new WaitUntil(() => playerOneCharacter.IsActionEnd == true);

        // Player one's turn is over so start player 2's turn
        StartCoroutine(PlayerTwoTurn());
    }

    /// <summary>
    /// This coroutine function is responsible for the processing of player two's turns.
    /// </summary>
    private IEnumerator PlayerTwoTurn()
    {
        // Initialise the players' actions to false.
        playerOneCharacter.IsActionEnd = false;
        playerTwoCharacter.IsActionEnd = false;

        state = BattleState.PLAYER_TWO_TURN; // Change the state.
        CurrentlyActivePlayer = playerTwoCharacter; // Set the currently active player.
        GameManager.Instance.SetPlaneText("Player 2's turn");
        Debug.LogWarning(state); // DEBUG STATE

        // Wait for the event of playing a card, which is triggered by image target
        yield return new WaitUntil(() => playerTwoCharacter.IsActionEnd == true);
        GameManager.Instance.SetRoundText(1); // Update and display the round counter.
        StartCoroutine(PlayerOneTurn()); // Back to player one's turn.  
    }

}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityEngine.UI;

/// <summary>
/// This class is responsible for managing the settings of sounds objects during gameplay.
/// </summary>
public class OptionsController : MonoBehaviour
{
	// Sounds settings
	[SerializeField]
	private Slider soundSlider = null;

	[SerializeField]
	private float defaultSoundVolume = 0.8f;

	private float currentSoundVolume = 0f;
	private float previousSoundVolume = 0f;

	// Music settings
	[SerializeField]
	private Slider musicSlider = null;

	[SerializeField]
	private float defaultMusicVolume = 0.8f;

	private float currentMusicVolume = 0f;
	private float previousMusicVolume = 0f;

	// Start is called before the first frame update
	void Start()
    {

		// Synchronising sliders' values.
		soundSlider.value = GameManager.Instance.VolumeSoundSliderMainController.value;

		musicSlider.value = GameManager.Instance.VolumeMusicSliderMainController.value;
		//Debug.Log(musicSlider.value);

		// Setting sounds elements volume.
		soundSlider.value = PlayerPrefsController.GetMasterSoundVolume();
		previousSoundVolume = soundSlider.value;
		currentSoundVolume = soundSlider.value;

		// Update the values for each sound element.
		foreach (Sound sound in SoundManager.Instance.sounds)
		{
			sound.Volume = soundSlider.value;

			sound.AudioSource.volume = sound.Volume;
		}

		// Setting music volume.
		musicSlider.value = PlayerPrefsController.GetMasterMusicVolume();
		previousMusicVolume = musicSlider.value;
		currentMusicVolume = musicSlider.value;

		SoundManager.Instance.GetMusic().Volume = musicSlider.value;
		SoundManager.Instance.GetMusic().AudioSource.volume = SoundManager.Instance.GetMusic().Volume;
	}

	// Update is called once per frame
	void Update()
    {
		// Get the volume of the current sounds.
		currentSoundVolume = soundSlider.value;

		// If the sounds volume has been changed, apply the changes.
		if (currentSoundVolume != previousSoundVolume)
		{
			previousSoundVolume = currentSoundVolume;

			foreach (Sound sound in SoundManager.Instance.sounds)
			{
				if (sound.SoundName != "Music")
				{
					sound.Volume = soundSlider.value;

					sound.AudioSource.volume = sound.Volume;
				}

			}
		}

		// Get the current music volume.
		currentMusicVolume = musicSlider.value;

		// If the music volume has been changed, apply the changes.
		if (currentMusicVolume != previousMusicVolume)
		{
			previousMusicVolume = currentMusicVolume;

			SoundManager.Instance.GetMusic().Volume = musicSlider.value;
			SoundManager.Instance.GetMusic().AudioSource.volume = SoundManager.Instance.GetMusic().Volume;
		}
	}

	/// <summary>
	/// Save sounds and music settings.
	/// </summary>
	public void Save()
	{
		GameManager.Instance.SyncOptionsSoundSliders(soundSlider.value);
		GameManager.Instance.SyncOptionsMusicSliders(musicSlider.value);

		PlayerPrefsController.SetMasterSoundVolume(soundSlider.value);
		PlayerPrefsController.SetMasterMusicVolume(musicSlider.value);
	}

	/// <summary>
	/// Set the values for sounds and music to deafult.
	/// </summary>
	public void SetDefault()
	{
		soundSlider.value = defaultSoundVolume;
		musicSlider.value = defaultMusicVolume;
	}
}
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using UnityEngine;
using System.Collections;
using UnityEngine.SceneManagement;

/// <summary>
/// This class is responsible for loading 
/// </summary>
public class SceneLoader : MonoBehaviour
{
	public static SceneLoader Instance { get; private set; }

	[SerializeField]
	private float animationTime = 0.5f; // The animation time while the scene is changing to another.

	// Store the cureent scene index.
	private int currentSceneIndex = 0;
	public int CurrentSceneIndex
	{
		get { return currentSceneIndex; }
		private set { currentSceneIndex = value; }
	}

	private void Awake()
	{
		if (Instance == null)
		{
			Instance = this;
			DontDestroyOnLoad(gameObject);
		}
		else
		{
			Destroy(gameObject);
		}
		currentSceneIndex = GetSceneIndex();
	}

	private void Update()
	{
		// Updtae current scene index.
		if (currentSceneIndex != GetSceneIndex())
		{
			currentSceneIndex = GetSceneIndex();
		}
	}

	/// <summary>
	/// Load next scene based on the active scene.
	/// </summary>
	public void LoadNextScene()
	{
		SceneManager.LoadScene(SceneManager.GetActiveScene().buildIndex + 1);
	}

	/// <summary>
	/// Load the main menu scene.
	/// </summary>
	public void LoadMainMenu()
	{
		SceneManager.LoadScene("Main Menu");
		GameManager.Instance.EnableMenuCanvas(true);
	}

	// Load the options scene.
	public void LoadOptions()
	{
		SceneManager.LoadScene("Options");
	}

	/// <summary>
	/// Exit the game.
	/// </summary>
	public void ExitGame()
	{
		Application.Quit();
	}

	/// <summary>
	/// Get the currently active scene's index.
	/// </summary>
	/// <returns>Scene's index</returns>
	public int GetSceneIndex()
	{
		return SceneManager.GetActiveScene().buildIndex;
	}

	/// <summary>
	/// Load the same scene again.
	/// </summary>
	public void LoadTheSameSceneAgain()
	{
		SceneManager.LoadScene(CurrentSceneIndex);
	}

	/// <summary>
	/// Load the very first scene.
	/// </summary>
	public void LoadFirstLevel()
	{
		GameManager.Instance.EnableMenuCanvas(false);
		StartCoroutine(WaitForAnimation(1));
	}

	/// <summary>
	/// Load the scene at the given index.
	/// </summary>
	/// <param name="index">The scene's index to load.</param>
	public void LoadSceneAtIndex(int index)
	{
		WaitForAnimation(index);
	}

	// Utility methods to wait for an animation end.
	IEnumerator WaitForAnimation(string animationName)
	{
		Debug.Log("Loading a scene...");
		yield return new WaitForSeconds(animationTime);
		SceneManager.LoadScene(animationName);
	}

	IEnumerator WaitForAnimation(int animationIndex)
	{
		Debug.Log("Loading a scene...");
		yield return new WaitForSeconds(animationTime);
		SceneManager.LoadScene(animationIndex);
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using Vuforia;

/// <summary>
/// This script automatically changes camera focus to AutoMode.
/// </summary>
public class CamraFocusController : MonoBehaviour
{
    private bool vuforiaStarted = false;

    // Start is called before the first frame update
    void Start()
    {
        VuforiaARController vuforia = VuforiaARController.Instance;
		if (vuforia != null)
		{
            vuforia.RegisterVuforiaStartedCallback(StartAfterVuforia);
		}
    }

	/// <summary>
	/// This function is run when Vuforia is initialised. 
	/// It calls the SetAutoFocus function, which manages the focus setting of the camera.
	/// </summary>
	private void StartAfterVuforia()
	{
        vuforiaStarted = true;
        SetAutoFocus();
	}

	private void OnApplicationPause(bool pause)
	{
		if (!pause)
		{
			// Applicaction resumed
			if (vuforiaStarted)
			{
				// Application resumed and Vuforia has been already started
				SetAutoFocus();
			}
		}
	}

	/// <summary>
	/// Switch automatically to Auto Focus Continous mode.
	/// </summary>
	private void SetAutoFocus()
	{
		CameraDevice.Instance.SetFocusMode(CameraDevice.FocusMode.FOCUS_MODE_CONTINUOUSAUTO);
		if (CameraDevice.Instance.SetFocusMode(CameraDevice.FocusMode.FOCUS_MODE_CONTINUOUSAUTO))
		{
			Debug.LogWarning("Autofocus set.");
		}
		else
		{
			Debug.LogWarning("Autofocus is not supported by the device.");
		}
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This class stores the features/skills of a card.
/// </summary>
[System.Serializable]
public class Card
{
    [SerializeField]
    private string cardName;
    public string CardName { get => cardName; set => cardName = value; }

    [SerializeField]
    private int attackValue;
    public int AttackValue { get => attackValue; set => attackValue = value; }

    [SerializeField]
    private int blockValue;
    public int ArmourValue { get => blockValue; set => blockValue = value; }

    [SerializeField]
    private int healingValue;
    public int HealingValue { get => healingValue; set => healingValue = value; }

    [SerializeField]
    private string animationName;
    public string AnimationName { get => animationName; set => animationName = value; }

    [SerializeField]
    private GameObject prefab = null;
    public GameObject Prefab { get => prefab; set => prefab = value; }

}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This class is a database for all created cards.
/// The cards are added in the inspector window of this object.
/// </summary>
public class CardsManager : MonoBehaviour
{
    public static CardsManager Instance { get; private set; }

    [SerializeField]
    public List<Card> cards = null;

	private void Awake()
	{
		if (Instance == null)
		{
			Instance = this;
			DontDestroyOnLoad(gameObject);
		}
		else
		{
			Destroy(gameObject);
		}
	}

	/// <summary>
	/// Get card object by name.
	/// </summary>
	/// <param name="cardName">The name of the card.</param>
	/// <returns>The required card.</returns>
	public Card GetCard(string cardName)
	{
		return cards.Find(cards => cards.CardName == cardName);
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This script controls the visual of the fireball's effects.
/// </summary>
public class Fireball : MonoBehaviour
{
	[SerializeField]
	private float speed = 5f; // Fireball's speed.

	[SerializeField]
	private GameObject explosionPrefab = null; // Fireball prefab.

	private Rigidbody fireballRigibody = null;

	private string colliderTag = "";
	public string ColliderTag { get => colliderTag; private set => colliderTag = value; }

	/// <summary>
	/// Move fireball object towards the target position.
	/// </summary>
	/// <param name="targetPosition"></param>
	public void Shoot(Transform targetPosition)
	{
		fireballRigibody = GetComponent<Rigidbody>();
		StartCoroutine(WaitForFireballAttack(targetPosition));
	}

	/// <summary>
	/// Check the collider's tag when hit.
	/// </summary>
	/// <param name="other">Other collider.</param>
	private void OnTriggerEnter(Collider other)
	{
		colliderTag = other.tag;
	}

	/// <summary>
	/// Instantiate explosion effect the target is hit.
	/// </summary>
	/// <param name="canPlay">Set true to play the effect.</param>
	public void PlayExplosion(bool canPlay)
	{
		fireballRigibody.velocity = new Vector3(0, 0, 0); // Stop the fireball.
		explosionPrefab.SetActive(canPlay); // Start the explosion.
		StartCoroutine(WaitForDestroy()); // Destroy the fireball.
	}

	/// <summary>
	/// Prepare the fireball attack.
	/// </summary>
	/// <param name="targetPosition"></param>
	IEnumerator WaitForFireballAttack(Transform targetPosition)
	{
		yield return new WaitForSeconds(2f);
		fireballRigibody.velocity = (targetPosition.position - transform.position).normalized * speed; // Follow the target.
	}

	/// <summary>
	/// Destroy the fireball object.
	/// </summary>
	/// <returns></returns>
	IEnumerator WaitForDestroy()
	{
		yield return new WaitForSeconds(1f);
		Destroy(gameObject);
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This card is a database storing the functions regarding the abilities of the cards.
/// Functions are called due to providing a name of a related card.
/// </summary>
public class MechanicsManager : MonoBehaviour
{
	public static MechanicsManager Instance { get; private set; }

	private void Awake()
	{
		if (Instance == null)
		{
			Instance = this;
			DontDestroyOnLoad(gameObject);
		}
		else
		{
			Destroy(gameObject);
		}
	}

	/// <summary>
	/// Start the swing attack ability.
	/// </summary>
	/// <param name="cardName">Swing Attack</param>
	public void SwingAttack(string cardName)
	{
		StartCoroutine(SwingAttackCoroutine(cardName));
	}

	/// <summary>
	/// Process the swing attack ability.
	/// </summary>
	/// <param name="cardName">Swing Attack</param>
	/// <returns></returns>
	IEnumerator SwingAttackCoroutine(string cardName)
	{
		Card card = CardsManager.Instance.GetCard(cardName); // Get the card by name.
		Character character = BattleSystem.CurrentlyActivePlayer; // Get the currently active player who performs the attack.
		character.IsMovingToEnemy = true; // Move towards the enemy.
		// When the opponent's collider is detected, play the animation and deal damage.
		yield return new WaitUntil(() => character.ColliderTag == "Player");
		character.IsMovingToEnemy = false;
		character.Animator.SetTrigger(card.AnimationName);
		character.Target.GetComponent<Character>().TakeDamage(card.AttackValue);
		// All attacks which require movement set actions is set to true if the movement has been completed.
	}

	/// <summary>
	/// Start the shield block ability.
	/// </summary>
	/// <param name="cardName">Shield Block</param>
	public void ShieldBlock(string cardName)
	{
		Card card = CardsManager.Instance.GetCard(cardName);// Get the card by name.
		Character character = BattleSystem.CurrentlyActivePlayer;// Get the currently active player who performs the attack.
		character.SetArmour(card.ArmourValue); // Set armour.
		character.Animator.SetTrigger(card.AnimationName); // Play the animation.
		character.IsActionEnd = true; // End the action.
	}

	/// <summary>
	/// Start the fireball ability.
	/// </summary>
	/// <param name="cardName">Fireball</param>
	public void FireFireball(string cardName)
	{
		// Prepare for the shoot.
		StartCoroutine(WaitForPrepareAttack(cardName));
	}

	/// <summary>
	/// Process the fireball ability.
	/// </summary>
	/// <param name="cardName">Fireball</param>
	IEnumerator WaitForPrepareAttack(string cardName)
	{
		Card card = CardsManager.Instance.GetCard(cardName);// Get the card by name.
		Character character = BattleSystem.CurrentlyActivePlayer;// Get the currently active player who performs the attack.
		// Instantiate the fireball prefab.
		GameObject fireball = Instantiate(card.Prefab, character.FirepointPosition.position, character.FirepointPosition.rotation) as GameObject;
		fireball.GetComponent<Fireball>().Shoot(character.CurrentTarget); // Shoot toward the enemy.
		yield return new WaitUntil(() => fireball.GetComponent<Fireball>().ColliderTag == "Player");  // Wait until the fireball hit the enemy.
		fireball.GetComponent<Fireball>().PlayExplosion(true);
		character.Target.GetComponent<Character>().TakeDamageIgnoreArmour(card.AttackValue); // Fireball attack ignores armour!
		character.IsActionEnd = true; // End the action.
	}

	/// <summary>
	/// Start the Heal ability.
	/// </summary>
	/// <param name="cardName">Heal Potion</param>
	public void Heal(string cardName)
	{
		Card card = CardsManager.Instance.GetCard(cardName);// Get the card by name.
		Character character = BattleSystem.CurrentlyActivePlayer;// Get the currently active player who performs the attack.
		// Instantiate the healing particle effects.
		GameObject healingParticleEffect = Instantiate(card.Prefab, character.BuffsPointPosition.position, character.BuffsPointPosition.rotation) as GameObject;
		character.RestorHealth(card.HealingValue); // Restore player's health
		character.IsActionEnd = true;// End the action.
		Debug.LogWarning("Heal");
		Destroy(healingParticleEffect, 3f);
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This is base class for all characters in the game.
/// </summary>
public abstract class BaseCharacter : MonoBehaviour
{
    [SerializeField] private int maxHealth = 100; // Stores max health value
    public int MaxHealth { get => maxHealth; set => maxHealth = value; }

    [SerializeField] private int currentHealth; // Stores current health
    public int CurrentHealth { get => currentHealth; set => currentHealth = value; }

    private Animator animator; // Variable for the animator
    public Animator Animator { get => animator; private set => animator = value; }

    [SerializeField] private int armorValue = 0;
    public int ArmourValue { get => armorValue; set => armorValue = value; }

    [SerializeField] private Transform firepointPosition = null;
    public Transform FirepointPosition { get => firepointPosition; set => firepointPosition = value; }

    [SerializeField] private Transform buffsPointPosition = null;
    public Transform BuffsPointPosition { get => buffsPointPosition; set => buffsPointPosition = value; }

    // Set UI
    [SerializeField] private HealthBar healthBar; // Container for HealthBar class
    public HealthBar HealthBarValue { get => healthBar; set => healthBar = value; }

    [SerializeField] private ArmourIcon armorIcon; // Container for HealthBar class
    public ArmourIcon ArmourImage { get => armorIcon; set => armorIcon = value; }

   
	// Start is called before the first frame update
	protected virtual void Start()
    {
        currentHealth = maxHealth; // At the beginning the current health is set  to the max health 
        healthBar.SetMaxHealth(currentHealth); // Pass the data regarding current health to the health bar
        animator = GetComponent<Animator>(); // Get the animator
        ArmourImage.SetArmour(ArmourValue); // Set the armour value
        ArmourImage.EnableVisibility(true); // If armour value is above zero then enable the icon
    }

}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This is the character class which is created for current 2 human characters in the game.
/// The class inherits from BaseCharacter class.
/// </summary>
public class Character : BaseCharacter
{
    [SerializeField] private GameObject enemy;
    public GameObject Target { get => enemy; set => enemy = value; }

    private Transform currentTargetPos = null; // Stores the current target.
    public Transform CurrentTarget { get => currentTargetPos; set => currentTargetPos = value; }
    [SerializeField] private Transform originTarget = null; // Stores the origin position of the game object.

    [SerializeField] private float speed = 3f;
    public float Speed { get => speed; set => speed = value; }

    private string colliderTag = "";
	public string ColliderTag { get => colliderTag; private set => colliderTag = value; } // Read only

	private bool isMovingToEnemy = false;
    public bool IsMovingToEnemy { get => isMovingToEnemy; set => isMovingToEnemy = value; }

    private bool isActionEnd = false;
    public bool IsActionEnd { get => isActionEnd; set => isActionEnd = value; }

    // Start is called before the first frame update
    protected override void Start()
    {
        Debug.Log("Original position is: " + originTarget);
        base.Start(); // Initailise the base Start()
        CurrentTarget = Camera.main.transform;
        transform.LookAt(Camera.main.transform.position);
    }

    // Update is called once per frame
    void Update()
    {
        // Look at current target if it is not null
        if (CurrentTarget != null)
        {
            Debug.Log("Target: " + CurrentTarget.position);
            Debug.Log("My pos: " + transform.position);
            Debug.Log(CurrentTarget);
            transform.LookAt(CurrentTarget.position);
        }

        if (isMovingToEnemy == true)
        {
            Move(true);
        }
		else
		{
            if (CurrentTarget == originTarget)
            {
                StartCoroutine(ReturnCoroutine());
            }
			else
			{
                Move(false);
            }
        }

    }

    /// <summary>
    /// Move toward an enemy and when it is reached return to the origin position
    /// </summary>
    /// <returns></returns>
    IEnumerator ReturnCoroutine()
    {
        Move(true); // Move toward an enemy
        yield return new WaitUntil(() => ColliderTag == "Origin");
        Move(false); // Move back to the origin
        transform.position = originTarget.position;
        BattleSystem.Instance.ResetPlayersTargets(); // Look at a new target.
        IsActionEnd = true; // End the action
    }

    /// <summary>
    /// This utility function is responsible for activating a character in the game.
    /// It is triggered by playing a card.
    /// The activated characters are stored in the GameManager class.
    /// /// </summary>
    public void ActivateCharacter()
    {
        GameManager.Instance.ActivatedCharacters.Add(gameObject.GetComponent<Character>());
    }

    /// <summary>
    /// Move the character and play movement animation.
    /// </summary>
    /// <param name="canMove">True if character is moving.</param>
    public void Move(bool canMove)
    {
        Animator.SetBool("IsMoving", canMove);

		if (canMove == true)
		{
            Quaternion targetRotation = Quaternion.LookRotation(CurrentTarget.position - transform.position);
            transform.rotation = Quaternion.Slerp(transform.rotation, targetRotation, 1 * Time.deltaTime);
            transform.position += transform.forward * speed * Time.deltaTime;
        }
        
    }

    /// <summary>
    /// The character takes damage by reducing armour or health.
    /// </summary>
    /// <param name="damage">Damage value.</param>
    public void TakeDamage(int damage)
	{
        int armourDamage = 0;

        if (ArmourValue > 0) // Apply the damage to the armour
        {
            armourDamage = ArmourValue - damage; // Reduce the damage by armour

            // Check if the damage overcome the armour
            if (armourDamage <= 0)
            {
                damage = armourDamage * (-1); // The new damage reduced due to using armour
                ArmourValue = 0;
                ArmourImage.SetArmour(ArmourValue); // Set the armour value
                ArmourImage.EnableVisibility(false); // If armour value is below zero then disable the icon
            }
			else
			{
                ArmourValue -= damage;
                damage = 0;
                ArmourImage.SetArmour(ArmourValue); // Set the armour value
                ArmourImage.EnableVisibility(true); // If armour value is below zero then disable the icon
            }
        }

        // Calculate current health after calculating the armour value.
        TakeDamageIgnoreArmour(damage);
    }

    /// <summary>
    /// Take damage by ignoring the armour value.
    /// </summary>
    /// <param name="damage">Damage value after reducing/ignoring armour.</param>
    public void TakeDamageIgnoreArmour(int damage)
	{
        SoundManager.Instance.PlaySound("Hurt");

        // Check if the damage was lethal
        if (CurrentHealth <= 0)
        {
            Animator.SetBool("IsDeath", true);
            Animator.SetTrigger("Hurt");
        }
        else if(damage >= 0) // Reduce the health
        {
            CurrentHealth -= damage;
            HealthBarValue.SetHealth(CurrentHealth);
            Animator.SetTrigger("Hurt");
        }
    
    }

    /// <summary>
    /// Set the armour value.
    /// </summary>
    /// <param name="armour">Armour value.</param>
    public void SetArmour(int armour)
	{
        ArmourValue += armour;
        ArmourImage.SetArmour(ArmourValue); // Set the armour value
        ArmourImage.EnableVisibility(true); // If armour value is above zero then enable the icon
    }

    /// <summary>
    /// Restore character's health.
    /// </summary>
    /// <param name="healthAmount">Amount of restored health.</param>
    public void RestorHealth(int healthAmount)
    {
        CurrentHealth += healthAmount;
        // Restored health cannot be higher than the max health of the character.
        if (CurrentHealth >= MaxHealth)
        {
            CurrentHealth = MaxHealth;
        }
        HealthBarValue.SetHealth(CurrentHealth); // Update UI
    }

    /// <summary>
    /// This function checks for collisions depends on collider's tag.
    /// </summary>
    /// <param name="collider">The collider of the current target game object.</param>
    private void OnTriggerEnter(Collider collider)
    {
        colliderTag = collider.tag;
    }

    /// <summary>
    /// When there is no collision, set the collider tag to the null string.
    /// </summary>
    /// <param name="other">The collider of the current target game object.</param>
	private void OnTriggerExit(Collider other)
	{
        colliderTag = System.String.Empty;
    }

    /// <summary>
    /// This function changes the current target to the origin position.
    /// It is trigger by the event set in the attack animation.
    /// </summary>
    public void ChangeTargetToOrigin()
    {
        CurrentTarget = originTarget;
    }

    /// <summary>
    /// This utility function is used to set a new target from other scripts.
    /// </summary>
    /// <param name="target">A new target.</param>
    public void SetNewTarget(Transform target)
	{
        CurrentTarget = target;
        transform.LookAt(CurrentTarget.position);
        Target = target.gameObject;
    }

}


[bookmark: _Toc70023794]PlayerPrefsController.cs
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This class manages and saves player preferences.
/// </summary>
public class PlayerPrefsController : MonoBehaviour
{
	const string MASTER_SOUND_VOLUME_KEY = "master sound volume";
	const float MIN_SOUND_VOLUME = 0f;
	const float MAX_SOUND_VOLUME = 1f;

	const string MASTER_MUSIC_VOLUME_KEY = "master music volume";
	const float MIN_MUSIC_VOLUME = 0f;
	const float MAX_MUSIC_VOLUME = 1f;

	/// <summary>
	/// Sets the master volume.
	/// </summary>
	/// <param name="volume">The new master volume value.</param>
	public static void SetMasterSoundVolume(float volume)
	{
		if (volume >= MIN_SOUND_VOLUME && volume <= MAX_SOUND_VOLUME)
		{
			PlayerPrefs.SetFloat(MASTER_SOUND_VOLUME_KEY, volume);
			Debug.LogError("Master sound volume set to " + volume);
		}
		else
		{
			Debug.LogError("Master sound volume is out of range");
		}
	}

	/// <summary>
	/// Gets the value of the master volume.
	/// </summary>
	public static float GetMasterSoundVolume()
	{
		return PlayerPrefs.GetFloat(MASTER_SOUND_VOLUME_KEY);
	}

	/// <summary>
	/// Sets the master volume of the music.
	/// </summary>
	/// <param name="volume">The new volume of the music.</param>
	public static void SetMasterMusicVolume(float volume)
	{
		if (volume >= MIN_MUSIC_VOLUME && volume <= MAX_MUSIC_VOLUME)
		{
			PlayerPrefs.SetFloat(MASTER_MUSIC_VOLUME_KEY, volume);
			Debug.LogError("Master music volume set to " + volume);
		}
		else
		{
			Debug.LogError("Master music volume is out of range");
		}
	}

	/// <summary>
	/// Gets the value of the music volume.
	/// </summary>
	public static float GetMasterMusicVolume()
	{
		return PlayerPrefs.GetFloat(MASTER_MUSIC_VOLUME_KEY);
	}

}
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using UnityEngine;
using UnityEngine.Audio;

/// <summary>
/// This class describes the features of a single sound object. It can be used to implement various sounds across the application.
/// </summary>
[System.Serializable]
public class Sound
{
	[SerializeField]
	private string soundName;
	public string SoundName
	{
		get { return soundName; }
		set { soundName = value; }
	}

	[SerializeField]
	private AudioClip clip; // Gets/Sets an audio file of the recorded sound
	public AudioClip Clip
	{
		get { return clip; }
		set { clip = value; }
	}

	[SerializeField, Range(0f, 1f)]
	private float volume = 0.7f; // Gets/Sets the volume
	public float Volume
	{
		get { return volume; }
		set { volume = value; }
	}

	[SerializeField, Range(0f, 3f)]
	private float pitch = 1f; // Gets/Sets the pitch
	public float Pitch
	{
		get { return pitch; }
		set { pitch = value; }
	}

	[SerializeField]
	private bool loop = false; // Gets/Sets the loop (If true the sound is played in a loop)
	public bool Loop
	{
		get { return loop; }
		set { loop = value; }
	}

	[HideInInspector]
	private AudioSource audioSource; // Gets/Sets the Audio Source
	public AudioSource AudioSource
	{
		get { return audioSource; }
		set { audioSource = value; }
	}
}
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using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This class is responsible for handling sounds effects across the application.
/// /// </summary>
public class SoundManager : MonoBehaviour
{
	// Instance of the class
	public static SoundManager Instance { get; private set; }

	[SerializeField]
	public List<Sound> sounds = null; // List of all used sounds.

	[SerializeField]
	public Sound musicSound = null; // Place for the main music.

	private void Awake()
	{
		// Set up the instance
		SetUpSingelton();

		// Set up all sounds
		foreach (Sound sound in sounds)
		{
			sound.AudioSource = gameObject.AddComponent<AudioSource>(); // Adds AudioSource component .
			sound.AudioSource.clip = sound.Clip;// Sets clip.

			sound.AudioSource.volume = sound.Volume; // Change to PlayerPrefsController.GetMasterMusicVolume();
			sound.AudioSource.pitch = sound.Pitch;// Sets pitch.
			sound.AudioSource.loop = sound.Loop;// Sets loop.
		}

		musicSound.AudioSource = gameObject.AddComponent<AudioSource>(); // Adds AudioSource component.
		musicSound.AudioSource.clip = musicSound.Clip; // Sets clip.

		musicSound.AudioSource.volume = musicSound.Volume; // Change to PlayerPrefsController.GetMasterMusicVolume();
		musicSound.AudioSource.pitch = musicSound.Pitch;
		musicSound.AudioSource.loop = musicSound.Loop;
		musicSound.AudioSource.Play();
	}

	/// <summary>
	/// Gets sound by name.
	/// </summary>
	/// <param name="name"> The name of the sound. </param>
	public Sound GetSound(string name)
	{
		return sounds.Find(sounds => sounds.SoundName == name);
	}

	/// <summary>
	/// Gets the main music sound.
	/// </summary>
	public Sound GetMusic()
	{
		return musicSound;
	}

	/// <summary>
	/// Playing sound by name.
	/// </summary>
	/// <param name="name">The name of the sound.</param>
	public void PlaySound(string name)
	{
		if (sounds != null)
		{
			// Gets the sound to play
			Sound sound = sounds.Find(sounds => sounds.SoundName == name);

			if (sound == null)
			{
				Debug.Log("The sound " + name + (" has not been assigned!"));
				return;
			}

			sound.AudioSource.Play();
		}
	}

	/// <summary>
	/// Pausing sound by name.
	/// </summary>
	/// <param name="name">The name of the sound.</param>
	public void PauseSound(string name)
	{
		if (sounds != null)
		{
			// Get the sound to play
			Sound sound = sounds.Find(sounds => sounds.SoundName == name);

			if (sound == null)
			{
				Debug.Log("The sound " + name + (" has not been assigned!"));
				return;
			}

			sound.AudioSource.Pause();
		}
	}

	/// <summary>
	///	Pausing all sounds.
	/// </summary>
	public void PauseAllSounds()
	{
		foreach (Sound sound in sounds)
		{
			sound.AudioSource.Pause();
		}
	}

	/// <summary>
	/// Sets up the object's instance to prevent duplication of the object while the program is running.
	/// </summary>
	private void SetUpSingelton()
	{

		// If the instance of the object is null then keep the previous object
		if (Instance == null)
		{
			Instance = this;
			DontDestroyOnLoad(gameObject);
		}
		else // else destroy the new object and keep "the old" one

		{
			Destroy(gameObject);
		}
	}

}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using TMPro;

/// <summary>
/// This class handles displaying Armour UI, which indicates what the armour value of a character is.
/// /// </summary>
public class ArmourIcon : MonoBehaviour
{
	[SerializeField] private TMP_Text armourValueText = null;

	/// <summary>
	/// Set the Armour UI's text value.
	/// </summary>
	/// <param name="armourValue">Armour value.</param>
	public void SetArmour(int armourValue)
	{
		if (armourValueText != null)
		{
			armourValueText.text = armourValue.ToString();
		}
	}

	/// <summary>
	/// Enable the Armour UI visibility.
	/// </summary>
	/// <param name="isVisible">Set true to display Armour UI.</param>
	public void EnableVisibility(bool isVisible)
	{
		this.gameObject.SetActive(isVisible);
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/// <summary>
/// This class is responsible for forcing UI elements looking at the camera position.
/// </summary>
public class ClampUI : MonoBehaviour
{
	private void LateUpdate()
	{
		transform.LookAt(transform.position + Camera.main.transform.forward); // Look at the main camera position basing on the z-axis.
	}
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityEngine.UI;
using TMPro;

/// <summary>
/// This class is responsible for setting UI for the health bar.
/// /// </summary>
public class HealthBar : MonoBehaviour
{
    [SerializeField] private Slider slider = null;
	[SerializeField] private Gradient gradient = null;
	[SerializeField] private Image fillImage = null;
	[SerializeField] private TMP_Text healthText = null;

	/// <summary>
	/// Set the max health on the health bar.
	/// </summary>
	/// <param name="health">Amount of health.</param>
	public void SetMaxHealth(int health)
	{
		if (slider != null)
		{
			slider.maxValue = health;
			slider.value = health;
			healthText.text = health.ToString();
			// The gradient is changing due to the level of health.
			gradient.Evaluate(1f); 
		}
	}

	/// <summary>
	/// Set the health on the health bar.
	/// </summary>
	/// <param name="health">Amount of health.</param>
	public void SetHealth(int health)
	{
		if (slider != null)
		{
			slider.value = health;
			healthText.text = slider.value.ToString();
			// The gradient is changing due to the level of health.
			fillImage.color = gradient.Evaluate(slider.normalizedValue);
		}
	}
}
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	[bookmark: _Hlk39502596]Test Case Id:
CardsRecognition
	Test Purpose: 
To check if Vuforia recognises no more than 3 cards at the same time.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running.

	Test Case Steps: 5

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Place the first character card in front of the camera.
	The application recognises the hero card and displays the 3D model attached to it. Vuforia tracks one card at this moment.
	Pass

	2
	Place the second character card in front of the camera.
	The application recognises the hero card and displays the 3D model attached to it. Vuforia tracks two cards at this moment.
	Pass

	3
	Place the third card in front of the camera.
	The application recognises the ability card, which triggers the character’s ability. Vuforia tracks three cards at this moment.
	Pass

	4
	Place the fourth card in front of the camera.
	The application does not recognise the fourth card, as it already tracking three cards. Vuforia tracks three cards at this moment.
	Pass

	5
	Take the third and fourth card from the play area.
	The application tracks two cards now. It lost one image target from the view.
	Pass

	6
	Place the new third card in front of the camera.
	The application recognises the ability card, which triggers the character’s ability. Vuforia tracks three cards at this moment.
	Pass

	Comments: All steps passed.

	Related Tests:

	Author: Bartosz Galantowicz

	Test Case Id:
PlayCard_1
	Test Purpose: 
To check if the same type of cards can be played each turn.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running. Hero cards have been played. Extended tracking is set for the ability cards.

	Test Case Steps: 5

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Place swing attack card in front of the camera.
	The application recognises the ability card, which triggers the character’s ability. Vuforia tracks three cards at this moment. Player One’s turn is ended.
	Pass

	2
	Take the swing attack card from the play area.
	The application tracks two cards now. It lost one image target from the view. The second player can start its turn.
	Pass

	3
	Place swing attack card in front of the camera.
	The application does not recognise another swing attack card as a newly played card.
	Fail

	4
	Take the swing attack card from the play area.
	The application tracks two cards now. It lost one image target from the view. The second player can continue the turn as the played card has not been recognised. The state was not changed.
	Pass

	5
	Place shield block card in front of the camera.
	The second character increases its armour value due to applying the shield block card's effect.
	Pass

	Comments: Step 5 has failed because the recognition system applies extended tracking mode to ability cards. Therefore they are tracked even when the camera does not see the image target.

	Related Tests: CardsRecognition, PlayCard_2

	Author: Bartosz Galantowicz



	Test Case Id:
PlayCard_2
	Test Purpose: 
To check if the same type of cards can be played each turn.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running. Hero cards have been played. Extended tracking is disabled for the ability cards.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Place swing attack card in front of the camera.
	The application recognises the ability card, which triggers the character’s ability. Vuforia tracks three cards at this moment. Player One’s turn is ended.
	Pass

	2
	Take the swing attack card from the play area.
	The application tracks two cards now. It lost one image target from the view. The second player can start its turn.
	Pass

	3
	Place swing attack card in front of the camera.
	The application recognises the card. However, the detection process tends to repeat many times. The card is detected more than once what trigger abilities automatically for both players.
	Fail

	Comments: Step 3 has failed because the recognition system detects the placed ability card many times. This issue might be solved via code.

	Related Tests: CardsRecognition, PlayCard_1

	Author: Bartosz Galantowicz










	Test Case Id:
Volume
	Test Purpose: 
To check if the music volume can be set and saved.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running. Music is playing in the background.

	Test Case Steps: 6

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Open the options scene by clicking the “Options” button in the main menu.
	The options scene is opened. There are two sliders for controlling the volume of music and the volume sounds effects. Also, below the sliders are the “Default”, “Save”, and “Exit” buttons.
	Pass

	2
	Set music slider to the minimum value.
	Music volume is turning down until it cannot be heard.
	Pass

	3
	Set music slider to the maximum value.
	Music volume is turning up until it is maximally loud.
	Pass

	4
	Set music slider to the medium value.
	Music volume is turning down until it reaches the medium value.
	Pass

	5
	Click the “Save” button.
	The music options are save at medium volume.
	Pass

	6
	Click the “Exit” button. 
	The main menu is open, and the music plays at the saved volume.
	Pass

	Comments: All steps passed.

	Related Tests: Sliders

	Author: Bartosz Galantowicz



	Test Case Id:
Sliders
	Test Purpose: 
To check if the positions of the sliders are saved.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running. Music is playing in the background.

	Test Case Steps: 6

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Follow the steps of the Test Case – Volume.
	The main menu is open, and the music plays at the saved volume.
	Pass

	2
	Check the slider values.
	Sliders are set at the same positions as they saved.
	Pass

	Comments: All steps passed. The square marker tends to rotate along the y-axis and consequently set the text canvas at a modified position.

	Related Tests: Volume

	Author: Bartosz Galantowicz





	Test Case Id:
GroundPlane
	Test Purpose: 
To check if the camera can detect a flat surface and if the ground plane object can be placed on it.

	Environment: 
Huawei Mate P20 Pro
Vuforia 9.6.4
Unity LTS 2019.4.14.f1

	Preconditions: The application is running. The game scene is open.

	Test Case Steps: 2

	Step No
	Procedure
	Response
	Pass/Fail

	1
	Centre the camera towards a flat surface of a table.
	The white square marker appears on the screen. It is perpendicular to the flat surface. However, sometimes it tends to change its rotation along the y-axis.
	Pass

	2
	Click the screen of the mobile device.
	In place of the square marker, a text canvas is arranged.
	Pass

	Comments: All steps passed.

	Related Tests: 

	Author: Bartosz Galantowicz
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[bookmark: _Toc70023802] Assets

Fonts:
· https://www.dafont.com/aon-cari-celtic.font
·  https://www.dafont.com/old-london.font
3D Models:
·  https://www.syntystudios.com/
UI:
·  https://www.gamedevmarket.net/asset/cute-rpg-ui-kit/
Utilities:
· https://assetstore.unity.com/packages/templates/packs/ar-shadow-ar-foundation-arkit-arcore-augmented-reality-ar-shader-189753
Sounds:
·  https://www.gamedevmarket.net/asset/rpg-music-pack-the-complete-collection/
Cards:
· https://www.gamedevmarket.net/asset/fantasy-cards-pack/
· https://assetstore.unity.com/packages/2d/textures-materials/tcg-card-design-42367
Animations:
· https://assetstore.unity.com/packages/3d/animations/rpg-character-mecanim-animation-pack-free-65284
· https://assetstore.unity.com/packages/3d/animations/melee-warrior-animations-free-165785
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using System.Collections:
using System.Collections .Generic:
using UnityEngine:

111 <summary>
71/ This class is responsible for forcing UL elements looking at the camera position.
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public class ClampUI : MonoBehaviour

{
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71/ <summary>
/1] Prepare player one for placing the character.
/1] </summary>

private TEnunerator PreparePlayerOne()

{
GameManager . Instance . SetPlaneText ("Play your hero (Player 1)I*); // Inform player about the game status.
state - BattleState. PREPARE_PLAYER_ONE; // Change the sate.
isCardPlayed = false; // Card has not been played yet.
// Wait for the event of playing a card, which is triggered by image target.
yield return new WaitUntil(() => isCardPlayed == true);
playerOneCharacter - GameManager.Instance.ActivatedCharacters[0]; // Set the reference to the player one’s character.
StartCoroutine(PreparePlayerTwo()); // Go for prepare player two.
¥

/1] <summary>
/1] Prepare player one for placing the character.
/1] </summary>

private TEnunerator PreparePlayerTuol()
{
GameManager . Instance . SetPlaneText ("Play your hero (Player 2)1%); // Inforn player about the game status.
state - BattleState.PREPARE_PLAYER_TWO; // Change the sate.
isCardPlayed - false; // Card has not been played yet
// Wait for the event of playing a card, which is triggered by image target
yield return new WaitUntil(() -> isCardPlayed —- true);
playerTuoCharacter - GameManager. Instance.ActivatedCharacters[1];// Set the reference to the player tuo's character.
// Go for battle begin.
StartCoroutine(WaitForBattleBegin());

3

71/ <summary>
/1] Make the last preparations before the battle begin.
/1] </summary>

private TEnunerator WaitForBattleBegin()

{
state = BattleState.WAIT; // Change the sate.
GameManager . Instance . SetPlaneText (FWaitl®); // Inform players about the game status.
yield return new WaitForSeconds(3f);
// Reset the characters® targets to looking at each other.
ResetPlayersTargets();
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