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The ‘Leap Motion’ device is a small, relatively inexpensive device compatible with Windows, Mac, and Linux. Sitting around a reasonable £70 in price, this desktop Augmented Reality (AR) sensor tracks hand movements and converts this into input for software. 
A popular usage for AR systems includes video games – a medium which is booming and is currently driving the development of many new Virtual Reality (VR) devices. While VR typically asks the user to make use of a controller, this brings the user out of the immersion. 
Compared with AR, which does not immerse the user but rather integrates reality with software, the difference is night and day as to what they offer. Bringing together VR and AR opens many possibilities – the Leap Motion Sensor combined with a VR headset may immerse the user in a VR landscape without breaking said immersion due to excessive interaction with real world objects, such as controllers. 
To bring the user to the closest level of immersion as possible, the author aims to utilise Leap Motion technology in the development of a VR video game with the goal of demonstrating what techniques & tools were used in the endeavour for a greater immersive VR/AR experience.

[bookmark: _Toc39847124]1.1. Subject Area of Study
To best understand what the Leap Motion Sensor’s limits and capabilities are, an analysis of different sources will be discussed to recognise the benefits of including the sensor in a video game context.

According to an article by Anshul Sharma et al. [1] analysing the movement and gesture recognition of Leap Motion, the device has a rather competent eight cubic feet of range in front of itself in a pyramid shape originating from the sensor and extending up to 60cm away. A range as large as this provides a strong avenue for a wide variety of gestures in video games at a comfortable distance from the desk surface. The device utilises an estimation system in data handling – i.e. it looks for recognisable patterns in the data shown. For example, the device gets a 2D image and tries to form a 3D image from what is shown. An example could be that a hand is being shown flat to the sensor, but gradually rotated 90 degrees. The sensor has difficulty picking up the presence of a hand following this change, posing an issue that needs considering in the development of a game.

In a conference proceeding by Peter Wozniak et al. [2] discussing the applications of Leap Motion, a risk that presented itself was the occlusion of gestures – i.e. obstruction. In section 4, Leap Motion is described in the following way:
“the algorithm can estimate to some extend typical hand gestures and thus provide astonishing useful tracking. Nevertheless the software can’t fulfill wonders and thus sometimes fails.”
This can be circumvented through usage of warnings and innovative gesture control systems in the game developed, however this is a key issue to keep in mind when using the sensor.


Continuing through section 4, the gesture systems are discussed, where the prominence of simple, obvious, and easy to learn gestures is pushed as incredibly important in the development of a Leap Motion game. Key information to remember here includes the Gestalt Law of Grouping [3], which states:
“in order to exhibit learning, a series of organic actions that presuppose earlier ones, which is the same thing as to say modification has taken place; but in addition the series will generally show a general approximation to an optimal term, optimal, that is to say, from the point of systemic conservation”.
An example of a suitable gesture would be a wave of the hand. An open palm facing the sensor, translated in a direction while retaining the same state is not complex and requires little effort to do. These gestures are best suited to key roles in a game, such as opening a menu for the user to browse.
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The boom of gaming and rising traction for VR focused experiences shows that a place for Leap Motion controlled experiences is there, with great benefits such as a streamlined experience to glaring issues such as occlusion, there are many factors to consider before creating this experience.

The rationale behind this study is to create a game that demonstrates the capabilities of the Leap Motion in a VR setting, as conventional Human Computer Interaction (HCI) methods keep to popular utilities such as controllers or mouse and keyboard. Versus a controller, which has a limited amount of button inputs, the sensor can accommodate for as many inputs as there are suitable gestures, allowing for more diverse interactions between user and computer. Additionally, the need for a physical device to interact with may be immersion breaking for some, putting the sensor ahead in terms of compatibility with a VR experience.

There are several studies that look at the Leap Motion vs controller scenario. One such conference proceeding by Diego Navarro and Veronica Sundsedt [4] looks at the HTC Vive controllers versus the Leap Motion Sensor. The results were that while the HTC controllers allowed users to perform better, the sensor resulted in higher levels of enjoyment when playing the ball and puzzle games, while the controller made it easier to play. Board, adventure and fighting games were listed as recommended topics of exploration in sensor developed games.
Another study by Giuseppe Caggianese, Luigi Gallo and Pietro Neroni [5] showed that through usage of multiple interaction paradigms, there is no definitive solution to which HCI method is better. The HTC Vive controllers were reported to be easier to use, however neither was definitively better or worse quantitively or qualitatively when managing systems involving object manipulation.
This highlights the problems arising from lack of usability with the sensor as the driving force behind the controllers being the generally preferred method, however the specs behind the sensor are capable, a development approach to compliment these capabilities is necessary in promoting the sensor.
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The Leap Motion Sensor is a small ,  desktop device that connects to a computer via USB and has a range of  FOV extending up to 60cm away. With a 120Hz refresh rate and included software that recognizes 27 distinct gestures with occlusion resolving systems, this device can hold its own against existing VR control methods (specs retrieved from Ultraleap datasheet [6]). A head mount can be used to attach the sensor to a headset for a cleaner desktop setup.

The Leap Motion is already established with SDK’s for Oculus Rift, Oculus Rift DK2 and HTC Vive headsets. Agreeing to the Leap Motion SDK T&C’s will enable smoother development alongside these devices. Other devices lack established support, and will require the user seek out alternative SDK’s.
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The overarching aim of this study is to demonstrate the capabilities of the Leap Motion Sensor as an alternative HCI method to controllers in a VR setting. There are several factors to consider in showcasing this – one of which are the principles behind making a game to showcase Leap Motion and can be described as Heuristics to Evaluate Playability (HEP). The game being developed with the aim of demonstrating the Leap Motion will need to adhere many heuristics, those most applicable will be discussed. HEP are defined by Heather Desurvire and Charlotte Wiberg [7].
The game being developed will need to be delivered in a timely manner. As such, complexity will be avoided, and simplicity emphasized. A summary of applicable HEP which will act as the goals for this project is shown below:
1. Skills to accomplish goals are available before the need to complete a goal is at hand. The player should be able to use existing skills to accomplish goals, for example a game focused on throwing objects. This can be done by looking to existing real life games and integrating them into VR by developing a replica of said game.
2. The game supports a variety of play styles. The capabilities of the individual cannot be measured; therefore, the game should aim to not demand anything specifically out of many players’ control. Basic features such as hand movements should remain the core of the game as opposed to complex systems e.g. whole-body movements. This can be done by only incorporating select games such as darts, and not something along the lines such as bowling which requires arm swinging.
3. Players feel in control. The game should be designed to not unintentionally take commands, for example two gestures being similar can cause confusion on both the players’ end and game end, or perhaps very small movements may not be registered by the game. Simple, obvious game interactions which lead to an intended output should be consistent. This can be done evaluating a gesture against the sensor prior to integration to identify if it gets recognised, and furthermore the gesture should aim to not be like other utilised gestures, so that the game makes no mistakes.
4. The players feel a sense of influence on the game world. A VR game using Leap Motion should retain immersion as much as possible, and any lack of game world impact will show disparity between game and real world, breaking said immersion. As a result, the player should constantly experience their impacts through sound as the ideal means of feedback. A crescendo of sound plays until the gesture transition is complete, at which the sound fades away to signify completion.
5. Player does not need to read a manual or documentation to play. Systems should be simple and succinct enough that a short tutorial on game mechanics demonstrating the usage of Leap Motion will arm the user with the knowledge to begin playing as soon as possible.
6. Game controls are consistent and follow standard conventions. Gestures should aim to follow their real-life effect on the world as possible – for example, grabbing an object in the game picks it up, and shoving an object moves it. Existing systems should be looked to as the standard, where some are already provided by Ultraleap.
7. Controls are intuitive and mapped in a natural way, yet customizable and default to industry standard settings. Gestures should not be too complex for either the user or game. Small yet obvious hand movements with little effort on the user’s end to perform should be emphasized as the main factor behind creating a control system, although look to HEP 3 for rules. Customizable controls however should not be available, as this will not be a deliverable for the final product due to time constraints and complexity of integration. 
8. Consistency shortens the learning curve by following the trends set by the gaming industry to meet users’ expectations. If no industry standard exists, perform usability/playability research to ascertain the best mapping for most intended players. Existing systems can be utilised in the game, however additional preliminary research can be carried out as to context specific gestures dependent on the game type being made.
9. The game goals are clear and concise. The objectives in the game should correspond well with the intended gestures, for example, the objective could be to throw an object at a target. The player is then expected to pick up the object, move their hands in a swinging motion, and let go to throw. A brief tutorial using a shadow can be utilised – i.e. project instructions into the world, such as arrows indicating “swipe here”.
10. The game does not put unnecessary burden on the player. Gestures should be designed to cause as little strain on the user as possible, and objectives designed to be simple to attain. Additionally, a small range of gestures should be looked towards as better, since the need to memorise many gestures may become inhibiting.
11. Easy and accessible controls are available, as well as complex and harder controls to master. Controls of an intuitive design with little effort and complexity as the standard may include the popular wave, pinch, and swipe gestures. Gestures should not aim to be complex, for example contorting fingers or arms, or grandiose gestures such as multiple arm movements consecutively.
12. Navigation is logical, consistent, and minimalist. The game should correspond navigation options to gestures in a natural way, such as swiping to scroll through a menu, or tapping to select an option. Research on different intuitive motion-controlled menus can be conducted to find an appropriate application.
13. Player error is avoided. Gestures should be robust in design, so as not to misinterpret player input and cause undesirable impact. Applications for HEP 3, 6, 7 will resolve most player error, however such occurrences of occlusion may arise and inevitably cause error. Research into avoiding occlusion can be used to draw the player away from such scenarios.
14. Player interruption is supported, so that they may start and stop playing whenever. The game should know to recognise when gestures are for game input when not paused, but not influence the game when paused. Common game development practices using Unity will allow for game pausing.
15. Upon game start up, the player can easily begin playing. Mandatory for game design, it should be simple for the user to utilise the sensor immediately upon loading the game. Clear and concise sensor setup instructions should be available to the user to streamline this.
16. Players should be provided context sensitive information so that they do not get stuck and must rely on looking up the issue. For example, in HEP 15, the game should prompt the user with gestures where applicable.

[bookmark: _Toc39847128]1.5. Outcome & Deliverables
The outcome of this project is to demonstrate the capabilities of the Leap Motion sensor in a VR game. To accomplish this, a game in the Unity game engine will be created, as it supports the Leap Motion Sensor and available VR technology at UWTSD – the HTC Vive, and Oculus Rift. To remain consistent with the studies analysed in the literature review, the HTC Vive will be used in the development of the game.

An analysis of the game when used by players will be necessary. A before and after survey & analysis of feedback will be used to gauge familiarity, difficulties, and overall happiness with the prospect of Leap Motion VR games. A small group of players can be brought in to play the game and provide live feedback of their experience. Interviews can be conducted to find and highlight any outstanding experiences with the product. Key features towards a positive experience with Leap Motion will be highlighted in a list of recommendations.
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This section will discuss the methods used in analysing and understanding how best to develop a game that demonstrates the capabilities of the Leap Motion Sensor when integrated into a VR game. Methods for gathering relative data in quantifying and expressing the heuristics for which this game sets out to adhere to will be highlighted.
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Due to the large number of smaller objectives, attempts to bring them into a single study will be taken when possible.


A prospective survey making use of the Likert Scale, Yes / No and descriptive questions can be utilised to accommodate Objective 1. This can be accomplished by asking the questions “Have you played VR games before”, “Have you used motion tracking before”, “What game / sport do you think best uses only your hands and very little body movement?”.

A usage survey will accommodate each objective, and one can be filled out per game, per player:
1. “How accurate to the real-life version of (game / sport) was this game: (1, not close – 5, close)”
2. “Were you comfortable while playing this game: (yes / no)”, “If no, do you know why: (description)”
3. “Were there any moments that something unintentional happened? (yes / no)”, “If yes, please describe what happened: (description)”
4. “Were you able to distinguish disparity between real world gestures and gestures they correspond to in-game: (1, easily – 5, not easily).
5. Incomplete
6. Incomplete
7. Incomplete
8. Incomplete
9. Incomplete
10. Incomplete
11. Incomplete
12. Incomplete
13. Incomplete
14. Incomplete
15. Incomplete
16. Incomplete

Interviews with prospective interviewees interested in providing feedback on this project can be utilised in garnering information as the scenario unfolds. Any inconsistencies can be noted as and when the user plays the game, such as if the user finds a bug in the game or notices gesture disparity.
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The Agile SDLC will be utilised in development of this project. Compared to traditional methods such as Waterfall, Agile accommodates multiple cycles of development, which is necessary to improve upon weak systems. Feedback from surveys and interviews with users will be the driving force behind Agile, highlighting what aspects of the game will be improved upon each iteration.
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There are numerous risks that come with development of software, as there are not only risks with the software itself, but the hardware it runs on. Other constraints are also prominent in the field of development.
1. Time constraints on when to deliver the project determine whether or not it will be finished. To mitigate this, a Gantt Chart can be utilised in keeping to a rigid schedule.
2. Funds can be limiting on available resources. As projects continue to develop, further down the line it is almost inevitable that additional funds become necessary. Extensive research into what resources are necessary for the project and securing of the funds for what is not accounted for will be a preliminary task so as to mitigate future risk.
3. Hardware is always at risk of being damaged or destroyed. For example, a USB stick can be crushed, or less drastically a laptop dropped. Any tangible object should be handled with care and not taken anywhere outside of a workspace unless necessary.
4. Software is at risk of being deleted or corrupted. To mitigate this, backups should be made regularly, and to multiple locations. This should follow the rule of 3 places – one copy of the project locally and another two externally (e.g. cloud storage, USB, external HDD).
5. Developed systems may not meet expectations. Whether due to lack of time, funds, or knowledge, it is imperative that studies be carried out beforehand as to what is needed of the task at hand.
6. Objectives may fall out of scope, as there are a larger amount of small objectives to manage, it is possible some may not become achievable anymore.
7. Legal and ethical restrictions may hinder the development of the project if applicable. In this event, the project will need to be revised to accommodate changes that allow for resuming development.
8. Stakeholders may lose interest in the project. To retain stakeholder interest, the project should aim to rigidly keep to the original goals and not lose sight of what to accomplish.
9. Methodologies and knowledge used in development of the project may take time to learn and unexpectedly impose time constraints.
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In developing the project, a rigid timeline and list of necessary data / tangible items will be necessary to begin creating a deliverable. This section will discuss these in the form of a Resource List and Gantt Chart.
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1. Hardware
a. Computer
i. Mouse
ii. Keyboard
iii. Monitor
iv. Speaker
v. Intel Core i5-4590/AMD FX 8350 equivalent or better
vi. NVIDIA GeForce GTX 970, AMD Radeon R9 290 equivalent or better
vii. 4 GB RAM or more
viii. HDMI 1.4, DisplayPort 1.2 or newer
ix. USB 2.0 port
x. Ethernet Port / Network Connection
b. Leap Motion
i. Controller
ii. USB Cable
c. HTC Vive
i. Headset
ii. Controller
2. Software
a. Windows 7 64-bit or higher, Windows 8.1 or later, Windows 10
b. Leap Motion Orion 4.0.0
c. Unity 5.6 or newer
d. Leap Motion HTC Vive SDK
e. Microsoft
i. Word
ii. Excel
iii. Project
iv. Visual Studio 2017
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