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ABSTRACT 

 

The aim of this project was to understand how to work with Leap Motion in the virtual space with the help of the 

Oculus Rift virtual headset. This paper runs through the detailed research of the Leap Motion technology and will 

give a comprehensive conclusion on each topic, in particular the hand gestures. 

The research parts concludes the research to hand gestures in Leap Motion, and how to create those, and how to 

work with interactions in this technology. Furthermore there was also research done into UI and user feedback in 

Virtual Reality and what you would have to take into account in this development. 

The case study will be the thorough explanation of the creation of a demo with the Leap Motion technologies and 

has resulted in a fully working demo: Color It Quick. Starting from the creation of the project in Unity and creating 

the virtual space, to creating the user interface, the hand gestures and the puzzle mechanics.   
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INTRODUCTION 

 

This paper is in association with Digital Arts and Entertainment, as graduation work for the Bachelor Degree of 

Digital Arts and Entertainment. To get a better view of how to use Leap Motion in Virtual Reality with the aid of 

Oculus Rift, this paper will show the research that is done towards an actual case study. This case study is a 

playable demo. 

First you can read the research part about the Leap Motion technology and how to develop for Virtual Reality. The 

second part is the case study which will show you the step-by-step process of the creation of the demo. 
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RESEARCH 

 

Before starting on the case study it is crucial to have the correct research. In the next chapter you can find the 

research through different topics before the case study was created.  

Because it is crucial to know what Leap Motion is and how it will work with the Oculus Rift in a virtual space, 

creating and using hand gestures through the Leap Motion technology will be a major part of this research. A 

broken hand gesture can break the whole demo and user experience. 

Research to the interactions in virtual space will be a big part as well. It is of great importance to keep a reality 

feeling within the demo. 

 

1.  LEAP MOTION AND OCULUS RIFT 

1.1 WHAT IS LEAP MOTION 

Working with Leap Motion means you can use your own hands to input Hand and Finger motion into the 

application. The Leap Motion device tracks the hand movement through infrared and analyses this further.  

When using Leap Motion in virtual reality you will have the possibility to interact in this virtual space with your 

own hands. Hand Gestures can be used for further interfacing and interacting with objects in that virtual space. 1 

1.2 STARTING WITH LEAP MOTION 

Leap Motion can be used with both the Unreal engine and Unity engine. To have no restrictions of having to learn 

a new engine like Unreal, Unity was chosen for this project.  

1.2.1 LEAP MOTION APPLICATION 

Before starting on a project, research to what is already realized with Leap Motion and what the limitations of this 

technology are, is crucial. Out of research it can be concluded that the following topics2 are popular with Leap 

Motion and VR. 3 

1) Modeling and drawing: 

Leap Motion technology is used in a few modeling and drawing projects. With the use of your own hands 

you can recreate objects in 3d space while watching it and rotating around it. 

2) Gaming: 

Games with Leap Motion are the biggest number with this Leap Motion technology. The games make use 

of hand gestures to interact with the objects and progress further in the game. This varies from ping-pong 

games to escape rooms. 

                                                                 
1 Leap Motion. (n.d.). About (9) 
2 Leap Motion. (n.d.). Gallery (10) 
3 Top games tagged Leap Motion and Virtual Reality. (n.d.) (18) 
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3) Educational: 

Learning something can be done with Leap Motion as well. An example is a Piano application. 

4) Show Casing: 

Leap Motion is used in projects to show what Leap Motion can do and how you can interact with objects 

within Leap Motion without really having a end goal in mind. 

Based on this the choice of the case study is made.  

1.2.2 SETTING UP LEAP MOTION 

Setting up a Unity project for Leap Motion is with using the Leap Motion Orion Beta. This Unity asset works with 

Leap Motion Orion and can work with the Oculus SDK 1.3. To start, the Unity Core Asset ( version 4.3.3) will be 

needed. 

There are extra packages to be used to create a better user experience. The following packages are used as: 

1) Leap Motion Interaction Engine (version 1.1.0) 

This is a customizable layer between the Unity engine and real-world physics. It is used for natural object 

interactions and user interfaces. 

2) Graphic Renderer (version 0.1.1) 

This package cuts the number of draw calls for the rendering boost and makes sure you can make use of 

user-friendly curved interfaces. 

3) Hands Module (version 2.1.2) 

Gives a range of realistic and low-poly rigged hand modules and with this package you can also design 

your own hand models as well. 

When these packages are installed into Unity the project is setup for the use with Leap Motion. 4 

1.3 SETTING UP OCULUS RIFT 

For the Oculus Rift, the SDK version 1.3 will be needed. Because of the packages provided by Leap Motion for Unity 

there are no extra things needed. You will be required to have headset plugged in and set up correctly to use it. 

 

2.  HAND GESTURES 

Hand gestures need to be tracked. The Leap Motion Orion Beta will be used to track hand gestures 5 which can 

track the placement of the fingers or hands every frame. This is important if gestures need to be recognized. In this 

tracking system you can either track the hand or go deeper into the object and even find every finger and bones of 

a hand. The finger parts you can track are addressed as ‘pointables’. 

For a hand the following can be detected: 

- The palm position,  the center of the palm. Measured in millimeters 

- Palm velocity, the speed and movement direction of the palm. Measured in millimeters per second. 

                                                                 
4 Leap Motion (n.d.). Get Started with Our SDK (11) 
5 Github. (n.d.). Leapmotion/UnityModules (6) 
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- Palm Normal, the way the palm is facing at. It always points downwards the palm. 

- Direction, The vector pointing from the center of the palm towards the fingers 

- You can also detect if whether it is a right or left hand and the grab or pinch strength 

The most important features of the hand tracking will be the position of the palm, the palm velocity and the palm 

normal. 

For fingers the following can be detected: 

- Tip Position, The position from the Leap Motion origin. Measured in millimeters. 

- Tip Velocity, The velocity. Measured in millimeters. 

- Stabilized tip position, The filtered position using the velocity and the past position. 

- Direction, the pointing direction vector at the moment. 

- Length, how long the finger is. 

- Width, the average width of the finger. 

- Touch distance, the normalized distance from a virtual touch plane. 

- Touch zone, The ‘pointables’ current relation to the virtual touch plane. 

The most important features for the finger tracking will be the fingertips position, the direction and the velocity. We 

will be able to track every finger separately with indexes from 0 to 4. 

 

   

Figure: Left Hand tracking information, Right: finger tracking information (picture taken from API reference page) 

When we take a look at the hand gestures we can see there are two different categories we can use: The static 

hand gestures and the dynamic hand gestures. 

Leap Motion isn’t designed to be extensible, so all the new gestures will have to be created yourself and be found 

in the tracking data while the user performs it.  

2.1 CUSTOM HAND GESTURES 

To be able to create own hand gestures the best way is to program this yourself based on the API outputs. There 

are applications that can pick up the signs. 
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LeapTrainer is an application in which you can create your own gestures by recording them. The export goes to 

Json, which is not the C# that would be useful for a Unity project, and getting them easy in your own application is 

not as straight forward. 6 

If you would do the creation yourself in the API it is the most clear and fail-free. This way the API will be fully 

understood and the gestures will be optimized. 7  

Taking this knowledge we can assume that creating the gestures yourself is most profitable. We will need to dive 

into the data tracking system from Orion and collect the data we will need. 

2.2 STATIC HAND GESTURES 

Static hand gestures have this name because of the fact there is no velocity that have to be taken into account. It is 

enough to know the form of the hand and fingers in a static pose.  

If we want to calculate a static hand gestures we will have to take a look at the different joints of the hands and 

the fingers. By taking the distances and corners between vectors in account we can create the new hand gestures. 

Before we do this we will have to make a tracking application in which we could easily detect what the connection 

between two joints is.  

All different hand signs will need to have a different calculation for the distances. To look at these distances there 

was some testing around in Unity to detect how it would work. This example works with the ‘OK’ or ‘thumbs up’ 

gesture. For this research the Dynamic gesture won’t matter yet, we will just take a look at the relation between 

the different objects. 

2.2.1 HAND GESTURE TEST CASES 

There are two test cases that were done for this research part. One was to see if the information was obtainable. 

The other one was a case where the average was taken for a different set of hands. It was to see what the result 

would be for different hands for the same hand gestures. These testcases will be helpful for the case study. 

2.2.1.1 THUMBS UP EXAMPLE 

To see what information the tracking system returns a simulation was created in unity to check what information 

could be reached. For this the simulation of a thumbs up recognition was a quick preliminary script was created. 

(see Appendix A) 

 

                                                                 
6 Roboleary. (2013, November 13). Roboleary/LeapTrainer.js (14) 
7 Leap Motion Custom Gestures. (n.d.) (12) 
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Figure: Displaying custom hand gesture test case scenario feedback information.  (picture taken from own test case) 

 

For example in a thumbs up we will need to look if the distance between the 

thumb and the index finger is big enough while all the fingers except for the 

thumb will need to be recognized as close to the hand palm.  

It is important to test what will be the best outcome so we can have the most 

optimal gesture. For this we will also need to have different people – with 

different hands – to test these hand gestures to make sure the hand gestures 

would work for all type of persons who will want to try out this application. 

 

Figure: Displaying custom thumbs up  gesture.  (picture taken from own test case) 

Because of doing this Hand gesture Test Case it is known what information can be taken out of the Orion engine 

and the user testing can be done. Test gestures will be predefined before testing to test what gestures will come 

out best. 

2.2.1.2 HAND GESTURE COMPARING 

In Unity this will mean we will have to do testing with different people to determine the distance between the 

contact points needed for this gesture and to get the corner calculations between 2 finger vectors. To reach the 

right feedback values we will need to output the information from the Leap Motion Orion Controller Component. 

This testing was done with 5 persons and gives a view of how to work with the hand gestures. The findings were 

written down and processed in Excel. It was then determined that the averages are really varying, but mostly the 

biggest offset that would be found is around 20. So I can assume calculating that an offset of 20-25 milimeters 

used should have the best possible option. This will need refinement later in the case study. (see Appendix B) 

2.3 DYNAMIC HAND GESTURES 

To distinguish the Dynamic from the Static hand gestures we will have to take a look at the velocity of the fingers 

and the hand. If the velocity of the hand is bigger than 0 we can assume the hand is moving. The Dynamic gestures 

are more expanded then the static ones. We can look at the translation of the hand or the fingers, the rotation of 

the hand and the possible signs the hand might be making. 8 

To translate the hand or the fingers we will need to look at the velocity of the fingers in relation to the hand. For 

the hand we look at the velocity in relation to the virtual space. 

For the rotation we will have to take a look at the normal from the fingers or the hand palm, in this way we can 

detect rotation. In the following example we will look to detect the normal for the rotation. 

Leap Motion had a few gestures that are already embedded and can be used by calling up on the gesture. The 

following gestures were already implemented: 

                                                                 
8 API Overview. (n.d.) (2) 
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- Circular movement, circular movement of a finger gesture. 

- Swipe, A linear movement of a finger can be recognized as a swipe. 

- Key Taps, A downward tapping with a finger can be recognized as a key tap gesture. 

- Screen Taps, recognizing a quick forward tapping movement of a finger. 

 

Figure3   Circular movement, Swipe movement, Key taps, Screen taps (picture taken from API reference page) 

Note: Since the Leap Motion Orion version gestures are not detected or reported anymore. This means all Dynamic 

gestures will have to be created by yourself. 

2.4 EXPANDING HAND GESTURES 

To get the correct hand gestures we can also combine the static and dynamic hand gestures. Specifically this 

means we can detect a static hand gesture be we can also take a look at how the hand is moving while doing this 

hand position or to know what direction the hand is pointing with the static hand gesture.  

It is important that the hand gestures are optimized to create the best user experience. In the case study part of 

this paper we will take a look at what specific hand gestures can be used and how they will be implemented. 

2.5 CONCLUSION 

There might be some cases in which the hand gestures cannot be recognized correctly. It will have to be taken into 

calculation not to take too small or indifferent gestures and to make sure the hands always have to be clearly in 

view. 

Especially when the fingers are self-occluded to the palm or behind the other hand the Leap Motion device will not 

be able to track the detail for those fingers. Possible gestures will not be able to be recognized because of this. 

People have different hands as well, it might be that a smaller person with smaller hands the gesture will not work 

while for a person with bigger hands this gesture might be easier and the other way around.  

A solution to this would be to pay attention to parts of the hand that might not be see with particular movements 

and those movements shouldn’t be implemented. The threshold for the gestures should be taken widely so that a 

smaller or a bigger hand will have the same result for the same gestures. For those gestures there will need to be a 

research per gesture what would work best. 

To test the right hand gestures a custom program was created with the correct output to know how the hand 

gestures should be programmed. Every hand gesture will have to be created manually. This applies for both static 

and dynamic hand gestures. 
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3.  INTERACTIONS 

To create interactions in Unity we can make use of the Interactions Engine provided by Leap Motion itself. This 

asset will help with the interactive experiences around physical proximity to objects, grabbing the objects or 

touching the objects.9 

This engine works with the use of Interaction Objects, they will need to have at least a Rigidbody and a Collider. 

There are two parts that can make the interactions work: 

- Interaction Manager, this manager will receive all the updates and handles and make the interactions 

possible. There will be needed at least one in the scene to make it work. 

- Interaction Controllers, this controllers do the actual interacting with the objects. This will be the 

interaction hands itself.  

The basic interactions are already implemented but there is a possibility to refine your own interactions with the 

use of the InteractionBehaviour component. There will always need to be a reference to the InteractionBehaviour 

component.  

When we take a look at interactions, there are 2 major types of interactions that will be needed later in the case 

study: Game Interactions, which will be the interactions with the objects self, and the Menu interactions, which 

will be the interactions with buttons and menu controls. 

3.1 CUSTOM INTERACTIONS 

To determine how to implement these custom gestures, research was done to existing custom interactions for the 

Leap Motion. The best possible way for making custom interactions for this project came out of this research. 

Custom Pointer is a unity scripting and input package that can recognize hovers and make a pointer out of fingers 

so they are possible of interacting in a hover and then triggering a click when a timer is over. This is by just using 

the tracking data you get from the Leap Motion Engine. 10 

This was created before the Interaction Engine was created. A lot of people, e.g. a blogpost about someone who 

stepped over from his own house-engine to the interaction engine 11, switched over to the Interaction Engine 

because this has a good support of all the interactions you would want to be able to do in your own engine.  

For this project the Interactions Engine will be used further to determine the custom interactions.  

3.2 DEFINING INTERACTION BEHAVOURS 

This is for disabling or enabling interactions types at the runtime 12. There are two options to do this: 

                                                                 
9 Github. (n.d.). Interaction Engine (7) 
10 Seawisp Hunter (n.d.). Custom Pointer (15) 
11 Corvinus, J. (2017, July 24). Why we're going all-in with Leap Motion's Interaction Engine (4) 
12 Github. (n.d.). Scripting Interaction Objects (8) 
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- Using controller interaction types,  This will set properties that will have an effect from the corresponding 

interactions that will occur from THIS controller towards any interaction object. This means you will start 

from the controller and then look at any interaction object. 

- Using object interaction overrides, This will set properties that will have an effect from the corresponding 

interactions that will occur from any controller towards THIS interaction object. This means you will start 

from the interaction object and can look at any interaction controller. 

There will also need to be a definition for the objects held position and rotation. There are two options to use: 

- Use PhysX constraints, In this way the interaction engine will listen to the constraints you have imposed 

on interaction objects where the Rigidbody has a joint component. If you then grasp a non-kinematic 

interaction that has a joint attached to it, the object will obey the constraints that were imposed by that 

joint.  

- Use the OnGraspedMovement callback,  This is a callback that gets filled immediately after the 

interaction Engine moves them with the Grasping controller. You can then call into this callback and put 

the restrictions just before the PhysX will be called.  

You can also apply forces to an interaction object through the interaction engine. There is a soft contact system 

that will apply the correct interactions with the knowledge of those external forces. 

3.2.1 INTERACTION TEST CASE 

To see which is the best way for disabling and enabling and what constraints movements there should be used a 

test project in Unity was created to see what the different approach is in code for this. It is important to see what 

will be the optimal approach for the case study later in this paper. 

This is just a test in code to concrete see what we have access to and to determine what can be used best in the 

case scenario. 

3.2.1.1 DISABLING OR ENABLING AT RUNTIME 

 

Figure: Objects used to test what can be received (picture taken from own testing case) 

By testing around in scripting what can be obtained out of this objects it became clear that InteractionBehaviour 

would give the most information in the clearest way. Working from the Interaction behavior we can get the best 

possible results. We will work out of the object to check if a controller is interacting with it correctly. More 

information will be taken from the interaction engine examples before starting on the case study. 

3.3 INTERACTIONS IN DEPTH 

There are three big cases supported by the Interaction engine: Hover, Contact and grasping. Their behaviors can be 

optimized and customized in this engine for the use of your own application.  
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3.3.1 HOVER 

This will check if the controller is coming in an approximate range of the object. There are two ways to look at the 

hovering. There is the ‘hover’ and the ‘Primary Hover’. The Hover will receive all the information and that can be 

used and check if there is a hover happening. The Primary Hover will define the primary hover points and get the 

in-depth information about the hovered objects itself. 

 

3.3.2 CONTACT 

There are two subsystems in the Contact part: the contact bones and soft contact. The contact bones are the 

rigidboddies with a single collider and that have a contactBone component. They hold the additional contact data 

for the hands and the controllers. The soft contact is an alternative to the standard physics engine. The relative 

calculations will be taken into account for the correct calculations.  

3.3.3 GRASPING 

This will be very important when working in VR. The Interaction engine provides a common interface for the 

construction around the grasping, releasing and throwing the objects. The engine will see if an object is held and 

will work according to the movement of the hand or the controller then. When you would be throwing an object 

the velocity of this object will be based on the recent history of the object’s velocity whilst grasped.  

3.4 TEST CASE GRABBING POSSIBLE OBJECTS 

To test the grabbing of possible objects a test case was used. The examples from the interaction engine were used 

to determine what would be needed from the interaction engine. Out of this testing there could be determined 

that the ‘Interaction Behaviour script’ needs to be attached to the object that will need to be interacted with. 

Through this object the interactions will be able to read. (see Appendix C) 

 

4.  UI AND USER FEEDBACK IN VIRTUAL REALITY 

Because the user experience is different in virtual reality than it is on screen we need to take that into account. 

There are a few parts where we need to see and make some adjustments.  

4.1 UI SCREEN PLACEMENT 

In a regular project the UI would be on top of the screen, also known as the HUD. This is a non-diegetic UI. This 

means that the UI doesn’t exist in the world, but that it is only there for the user. If this would be done in VR that 

means the menu will not be there, because you won’t see it through your camera or it will be hard to read it. 

Instead we will need to opt for a Spatial UI or a Diegetic UI. 13 

4.1.1 SPATIAL UI 

The Spatial UI is positioned in the environment itself, it will have a location within the world space. If we use a 

Spatial UI it will be possible for the user to focus his eyes on the UI.  

                                                                 
13 Virtual Reality. (n.d.) (20) 
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It is not only important to know what type of UI should be opted for, but also where in the world you will place 

your UI. If the UI is too close, you won’t be able to read it or see the whole picture, if it is too far you will have to 

focus too hard in the distance.  

The best position would be a comfortable reading distance, and then scaled. When you place the UI you will need 

to take into account that the UI might overlap with objects that could be in the virtual space. 

 

4.1.2 DIEGETIC UI 

A diegetic UI is an UI that will display the elements in the environment itself. Having the interface attached to the 

objects gives a more reasonable approach to use. In this way the Interface will be fully implemented in the world 

and be a part of it. This is the biggest difference between Spatial UI and a Diegetic UI.  

4.1.3 UI TESTCASE 

Diegetic UI or Spatial UI would work best in VR, a non-diegetic UI is not usable for this. The UI will have to be 

functional enough and visible enough in this VR space. The player needs to have a good focus point for the UI and 

be able to read and use the UI or menus as well. 

To test with this it was determined that in VR the feedback could be best on a fixed spot. This will be the spatial UI 

that will work best. This is the most realistic way to display certain feedback.  

4.1.4 CONCLUSION 

The UI will have to be fully functional for the user. If that is not working the UI won’t give the right feedback to the 

user. For this project there might be a use of Diegetic and Spatial UI, depending on what is needed. For the UI ( If 

attached to the arm ) it will have to be spatial but other parts of the UI ( like the timer and the information about 

what you have to do when you are playing the game ) will have to be spatial and in the space. It is unnecessary to 

attach it as diegetic because then there would be too much constantly displayed on the screen for the user.  

The most important part  is that the UI works for the game itself. If the UI is not adaptable with the game then you 

lose the interest of the user. 14 

4.2 TEXT RESOLUTIONS 

Another important part about UI is keeping track of the resolutions you use. Every Virtual Reality glasses have a 

different resolution. This will be lower per eye than the standard HD resolutions you can see on your screen.  

If you take this into consideration you will need to make sure that the text you display is not too big or not too 

small. To do this in a right way it is best to use a food antialiasing on the text for VR applications. The edges should 

be much softer in the Virtual reality then it is normally.  

                                                                 
14 Andrews M. (2010). Game UI Discoveries: What Players Want (1) 
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Figure: To change text settings on Canvas Scaler component (picture taken from own testing case) 

 

 

5.  USE OF VIRTUAL SPACE  

It is important to look at how to create the virtual space. Not only the placement and distance of objects is 

important, but the use of colors and image effects will have a great impact on how the user can experience the 

virtual space of your application. 15 

5.1 IMAGE EFFECTS AND COLOR USAGE 

The use of Image effects should be as minimal as possible. Greyscale, glow, .. we don’t see them in the real world, 

thus in VR they wouldn’t feel too realistic. Because a VR scene has to be rendered for two eyes, the more visual 

effects you have implemented, the slower it will work. To have a realistic experience the FPS should stay high 

enough.  

There are some effects you can still use, such as Anti-Aliasing, color grading can still be used. Sometimes a bloom 

can be used for a blinding effect but you shouldn’t overdo it.  

It is also crucial to use the appropriate colors because it is known color can affect the mood of the user. 16 

5.2 RENDER SCALE AND DISTANCE PLACEMENT 

In a virtual space it is good to put the Render scale from 1 to 1.5. This will give it a more sharper. The lower you put 

this scaling the more pixelated this will be. This is something that doesn’t fit in the virtual space. 

There is still the option to use a lower render scale. This can be used to improve the performance. But the decision 

will have to be made if the performance or the visual sharpness is the most important. 

The distance of where objects is placed is of importance as well, we need to take into account that the user will 

have to interact with objects. This objects can’t stand too far or stand too close.  

5.2.1 TEST CASE RENDER SCALE AND DISTANCE PLACEMENT 

When testing some test scenes that were made there could be determined that everything needed to be bigger 

and higher. Interactions should be more in reach, and a player should have enough space. It is important that 

everything can be seen good enough and close enough.  

                                                                 
15 Optimization for VR in Unity. (n.d.)  (13) 
16 Silk-Lanyi C. (2014). Styles or Cultural Background does Influence the Colors of Virtual Reality Games? (17) 
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Out of testing there can also be determined that it might be best to attach the height of the tables to a height of 

the camera. This way you will always have the tables within reach. Even if you play it while sitting or while 

standing, this might be something that can be added in the future to have some more realistic play ( even with an 

animation, not a sudden movement ).  

For first things the case study will be able to be created with just everything close enough and making sure that 

everything is set up right. There will need to be a good calibration between the Oculus Rift and the rest of the 

space to make it feel realistic enough.  

 

5.3 CONCLUSION 

To conclude out of the use of a virtual space there shouldn’t be too much visual effects that are not present in the 

real world. Extra effects should be used moderately.  

The render scale shouldn’t be too big, but big enough to have the visual sharpness, but the biggest priority would 

be the performance so the frames per second will stay up.  

There are some other optimizations that can be done in unity as well as paying more attention to the shaders, the 

culling, etc. 17 

  

                                                                 
17 Optimization for VR in Unity. (n.d.)  (13) 
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CASE STUDY: COLOR IT QUICK 

  

1.  INTRODUCTION 

 

This Case study will evolve around the application: Color It Quick. The game will be a puzzle based game where you 

have to be quick enough to grab the correct object and change it to the right color while using the proper gesture. 

This part of the paper will go over the process to go over the creation of this mini puzzle game.  

This chapter will go from the starting up the project, testing for the hand gestures, creating the puzzle till finalizing 

the application. Before starting this project, it can be divided in different chapters: 

- Starting Color it quick 

- Creating the VR space 

- Creating the user interfaces 

- Creating the hand gestures 

- Creating the interactions 

- Creating the puzzle mechanics 

 

2.  STARTING COLOR IT QUICK 

The name Color It Quick, CIQ, was chosen because you have to color the objects as quick as you can to avoid 

running out of time. Before starting in the project, there needed to be a determination of what will be needed.  

2.1 SETTING UP UNITY 

CIQ was started up from the Leap Motion development kit. CIQ was set up by starting from the start-scene ‘Leap 

Hands Demo (VR)’ from the downloaded Unity packages.  (see Appendix D) 

 

3.  CREATING THE VR SPACE 

This part will cover the creation of the VR space. The space should not be fully empty. It is important for the user 

to still see the space. For this project it was decided to create a look that is close to the Blocks application of Leap 

Motion. The black background makes the space look endless while there still is a floor. There shouldn’t be too 

much color in the space itself because the game is about colors and that should be the foreground. 

The style of the application is more cartoon and stylized. 

3.1 ENVIRONMENT 
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To create the floor a panel with a normal texture was used. To create a black background the camera color view is 

set on black and a fog with black color is applied. Not full black but r5g5b5. These settings were tested while 

creating to see if it was alright for users to have this kind of graphical feedback in virtual reality.  

 

Figure: Unity scene environment view (picture taken from own Color It Quick demo) 

 

Figure: Fog settings (picture taken from own Color It Quick demo) 

3.2 SURROUNDINGS 

The surroundings from the game itself will be tables where the objects will spawn on. The panels and buttons for 

interaction will be wooden plates. This will also be in the cartoon style. These objects were all imported in Unity 

and will be used over the game and the menu levels. 

   

Figure: Table and wooden plates (picture taken from own Color It Quick demo) 
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These models will have mesh colliders for the interactions in the Unity engine. There will be two tables and a 

basket in the game. A lot of planks will be used in different parts of the demo. 

3.3 LIGHTING 

Lightning maps will be built in advance so that the lighting will work when scenes are swapped. 

 

Figure: Standard settings for lighting (picture taken from own Color It Quick demo) 

 

4.  CREATING THE USER INTERFACE 

 

Because of the research this project will make use of the spatial way of making user interfaces. The user interfaces 

will be part of screens and will be placed in the environment itself, when you look away you will also look away 

from the user interface. 

There is only one light used in the scene, which is a directional light. It is a standard light to light up the scene. 

4.1 MENU INTERFACE 

4.1.1 MENU INTERFACE FRONTEND 

The menu will consist of three basic buttons in the front: a start button, a gestures button and a stop button. The 

start button will toggle a menu with buttons to choose the difficulty or to go back to the start. The gestures button 

will go to an overview menu of the 3 basic gestures and a possibility to swipe through them and see what they are.  
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Figure: Basic menu image (picture taken from own Color It Quick demo) 

When you turn right on the starter menu you can see the profile placement and a way to change the gestures. On 

the left the high scores can be found. The menu for changing the gestures will look the same as the menu to check 

up on the gestures. 

  

Figure: Menu environment (picture taken from own Color It Quick demo) 

4.1.2 MENU INTERFACE BACKEND 

The menu works with a ray casting gesture with the left hand. When the ray cast gesture is made a visible ray cast 

will be shown shooting from the left index finger. When pointing at the buttons it will change color, this means at 

that moment you can interact with that button. If you make a shooting sign with your thumb while in the gesture 

and pointing at a button you can interact with this button. When interacting with a button the right menu will be 

enabled and shown to the user enabling new buttons to interact with.  

The ray casting will be checked through a hand gesture manager checking every frame what hand gesture the hand 

is making. A ray cast will check on tags what type it is hitting and will know what button to interact with. The 

button holds a script which takes care of the object changes that will have to be made on ray casting or on 

interaction. (See Appendix E) 
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4.2  GAME INTERFACE 

4.2.1 GAME INTERFACE FRONTEND 

The game interface will have the same mockup as the buttons in the menu interfaces. The information of what 

object to use and what color it will have to be will be shown on a wooden panel up front. The timer and your score 

will be displayed in the left- and right upper corners.  

 

Figure: Game interface panel with score in the left top, the combination in the middle and the timer on the right top (picture taken from own 

Color It Quick demo) 

4.2.2 GAME INTERFACE BACKEND 

The randomizer script will pick a random object and random color from a list to display up front. This randomizer 

will know through ‘playerprefs’ what objects can be chosen. When the player is in time with throwing the right 

object into the basket, a trigger placed there will recognize it and make sure the randomizer script will create a 

new random combination. (See Appendix F) 

The trigger will recognize what color and what object is going through and will check with the combination if this is 

correct. If this is correct a new combination will be chosen, if this is incorrect the game will be over and the game 

over scene will be triggered. 

 

5.  CREATING THE HAND GESTURES 

Before implementing the hand gestures in the application and to be recognized we need to know what the optimal 

hand gestures should be. To do this there was some user testing before the actual implementing in the game 

engine.  
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5.1 HAND GESTURES 

There were three hand gestures chosen for the basic hand gestures of the red, green and blue colors. The first 

hand gesture is the thumb extended, the second hand gesture is the index finger extended and the last hand 

gestures is the pink extended. These hand gestures were tested with different people, together with more hand 

gestures. The three chosen hand gestures are the ones that work best.  

Through a hand gesture manager these hand gestures are created in the start and checked through every frame 

what the hand gesture of each hand is. The ray cast, red, green and blue hand gestures are linked to the left hand. 

The swiping hand gestures is recognized for the right hand. These hand gestures are predefined and self-written in 

code. The hand gestures are recognized through the Leap Motion technology. 

5.1.1 LEFT HAND GESTURES 

The colors for the left hand gestures were chosen from the basic RGB colors. Hence why there is Red, Green and 

Blue in the demo at this moment. There is a possibility later on for an expansion to more colors and combinations.  

5.1.1.1 RED HAND GESTURE 

The basic implementation of the red hand gesture is the hand gesture where only the thumb is 

extended. This hand gesture is a static hand gesture in this application. There are extra 

variables used to determine this hand gesture to check if the rest of the fingers are closed 

enough. 

Figure: Red hand gesture sign (picture taken from own Color It Quick demo) 

5.1.1.2 GREEN HAND GESTURE 

The basic implementation of the green hand gesture is the hand gesture where only the index 

finger is extended. This hand gesture is a static hand gesture in this application. There are 

extra variables used to determine this hand gesture to check if the rest of the fingers are 

closed enough. 

Figure: Green hand gesture sign (picture taken from own Color It Quick demo) 

5.1.1.3 BLUE HAND GESTURE 

The basic implementation of the blue hand gesture is the hand gesture where only the pinky 

is extended. This hand gesture is a static hand gesture in this application. There are extra 

variables used to determine this hand gesture to check if the rest of the fingers are closed 

enough. 

Figure: Blue hand gesture sign (picture taken from own Color It Quick demo) 

5.1.1.4 RAY CAST HAND GESTURE 

The ray cast gesture is a combination of a static and a dynamic hand gesture as defined in the 

research before. The static gesture will recognize that the index finger and thumb are 

extended at the same time. To detect if the thumb is shooting at a button, the velocity of the 

thumb is checked. The velocity of the thumb will have to be high enough to be seen as a 

shooting gesture. 
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Figure: Ray casting hand gesture sign (picture taken from own Color It Quick demo) 

5.1.2 RIGHT HAND GESTURE 

The right hand gesture is also a combination of a static and a dynamic hand gesture. The static gesture checks if 

the right hand has all fingers extended. To know if the hand is swiping left or right, the velocity of the index finger 

is detected. If this velocity is high enough in a certain direction the application will pass through what side the hand 

is swiping to. 

5.2 HAND GESTURE IMPLEMENTATION  

All the hand gestures are managed by a hand gesture manager that will work through the whole demo. There is a 

constant checking in the update on what hand gestures are currently recognized and used. The information of this 

hand gestures will come from the controller component in leap motion. Out of this controller component the list 

of hands that are detected at the moment will be recognized. (See Appendix G) 

The script knows what hand is left and right. Through this knowledge the right fingers can be checked from each 

hand to result in the right hand gestures. 

6.  CREATING THE INTERACTIONS 

6.1 MENU INTERACTION 

The menu interactions are all done through gesture interactions. This is done purely out of the Orion tracking data. 

Through this data the right predefined hand gestures can be recognized by the hand gesture manager. 

6.2 OBJECT INTERACTION 

The object interaction happens with the help of the interaction engine provided by Leap Motion. To make an 

object interactable it will need to have an Interaction Behavior script attached to this object. This interaction 

Behavior script will return what controller is interacting with it and will give the possibility to grab objects.  

 

Figure: Objects in the application (picture taken from own Color It Quick demo) 

The object interactions for grasping objects will only be checked by the right hand, however it is possible to pick an 

object up with both hands. If you want to change a color it will have to be picked up with the right hand so the left 

hand can make the gestures. 
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7.  CREATING THE PUZZLE MECHANICS 

Because this demo is a working puzzle application there are a few mechanics that will have to be present in the 

game itself. 

7.1 COLOR AND OBJECT RECOGNITION 

The color and object recognition will happen through the Interaction behavior script that is attached to the object. 

This will pass through the right data. A trigger in the game will recognize the object as well and will be able to 

check this with the random color and object combination that was needed. This detection will happen through the 

material and object ID. 

There is a working timer that will give you 10 seconds to take the right object and throw it in the basket. 

7.2 RANDOMIZER AND OBJECT SPAWNING 

The randomizer will choose depending on the difficulty setting chosen before the actual game starts how many 

objects will have been used. These objects will be spawned on each side of the playing field on the 2 tables. At the 

moment, this is not a random location yet, but an honest dividing of the objects. The tables will hold a max of 4 

objects on each side. 

  

Figure: Left and right sides fully occupied tables (picture taken from own Color It Quick demo) 

 

8.  CREATING THE TUTORIAL 

The demo has a fully working tutorial that will guide you through steps to understand what you will have to do in 

this demo. The tutorial starts before the menu and is skippable if you already know how you have to interact.  
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FUTURE OF COLOR IT QUICK 

This demo was created over a span of 6 weeks. There are still some refinements that can be implemented further . 

 

1.  TUTORIAL 

The tutorial can use an expansion. Now there is a static help. This could be expanded to a dynamic help with 

someone really explaining what you have to do. A little AI companion that would explain the purpose of the game. 

 

2.  SAVE AND PROFILE FILES  

The demo works local now. In the future a possible expansion of safe and profile files might happen. The profile 

files will have the possibility to save the hand gestures for each profile so you don’t have to implement your own 

hand gestures at each start again.  

The save files for the scores will keep high scores and it will be possible to save them to a profile. Yhis way you will 

always be able to see what the highest scores were. 

 

3.  HAND GESTURE LEARNING AND OPTIMIZATION 

In the future the hand gesture learning can be optimized to a less static approach and to even be able to learn 

dynamic hand gestures through analyzing. The hand gestures itself can use some more optimization to work as 

well as possible. 

4.  PUZZLE MECHANICS 

There should be a possibility to expand the demo with more puzzle elements and even more minigames to have a 

wider variation of the use of Leap Motion in Virtual Reality. 
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CONCLUSION 

 

This graduation work was about working with the Leap Motion technology in virtual reality with the Oculus Rift. 

The goal was to learn how to work with this Leap Motion technology and how this would work together with the 

Oculus Rift headset. 

The Leap Motion technology has straightforward documentation to work with for the Unity engine. The new Orion 

version has no implemented hand gestures so all the hand gestures had to be implemented and taken from the 

tracking data yourself. The recognition of hands is not always straightforward and minor mistakes and bugs still 

happen with Leap Motion. The goal to understand the Leap Motion technology is reached. 

The demo is fully functional and works with the basic implementations of the Orion version and the Interaction 

Engine. This demo is fully playable in virtual reality. There are still some refinements that can happen regarding to 

the puzzle mechanics and the hand gestures. 
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APPENDICES 

APPENDIX A 

 

Displaying custom hand gesture test case scenario feedback information in bigger picture (picture taken from own test case) 
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APPENDIX B 

1 Hand fully closed 

2 Only Thumb extended 

3 Only index finger extended 

4 Only pink extended  

5 Thumb and Index 

6 Index and middle closed 

7 Index and Middle open 

8 Index, thumb and middle ( middle and index closed )  

9 Index, thumb and middle ( middle and index open ) 

10 Middle, index,  ring and pink 

11 All 

 

 

 

Jana De Voecht (me) 

Hand 
gesture 

Distance between fingers Distance between Hand center and fingers Corner 

F0-F1 F1-F2 F2-F3 F3-F4 Hc-F0 Hc-F1 Hc-F2 Hc-F3 Hc-F4 F0-F1 

1 30.59 9.26 12.31 14.72 51.16 49.73 51.91 52.27 43.31 1.6 

2 71.46 13.51 15.36 15.66 93.61 39.96 39.96 34.89 36.61 2.19 

3 71.39 109.18 14.58 15.2 58.27 98.98 39.9 37.76 37.81 0.25 

4 22.36 10.25 18.37 80.87 57.82 58.43 63.47 57.90 86.44 1.68 

5 128.57 111.73 14.61 15.02 102.11 100.02 39.69 7.35 35.92 1.09 

6 87.99 18.44 103.16 16.42 56.12 95.74 105.65 56.37 48.65 0.45 

7 99.74 54.61 116.59 16.02 60.51 103.29 107.85 48.34 45.12 0.75 

8 138.04 33.64 107.32 12.31 104.69 97.78 104.63 49.07 44.49 1.27 

9 112.67 50.72 110.38 17.02 96.37 102.75 106.58 51.36 43.61 0.84 

10 86.28 37.53 33.52 50.04 54.64 90.49 93.76 88.12 82.51 0.77 

11 99.54 39.71 34.06 51.93 88.08 91.54 94.85 90.44 85.63 0.77 

Aaron Alluyn 

Hand 
gesture 

Distance between fingers Distance between Hand center and fingers Corner 

F0-F1 F1-F2 F2-F3 F3-F4 Hc-F0 Hc-F1 Hc-F2 Hc-F3 Hc-F4 F0-F1 

1 41.18 10.97 12.36 25.78 61.40 54.48 56.36 53.00 52.50 1.98 

2 80.67 12.36 14.74 14.99 98.97 43.56 44.93 38.86 34.93 2.24 

3 81.76 113.68 12.07 13.57 63.15 102.24 47.81 46.71 42.29 0.30 

4 29.29 8.41 81.89 35.77 52.85 50.92 50.68 86.58 81.18 1.93 

5 112.05 50.42 20.94 29.32 94.59 91.11 83.20 75.99 59.72 0.97 

6 84.80 23.79 31.41 66.93 50.95 91.82 97.49 86.71 46.99 0.62 

7 92.02 50.75 109.85 12.37 54.60 95.45 97.72 37.46 38.55 0.81 

8 136.45 25.91 97.99 28.06 113.49 113.74 121.20 75.99 73.24 1.02 

9 108.88 46.71 135.99 93.47 105.83 120.72 125.74 49.25 97.12 0.59 

10 120.59 49.89 43.76 47.00 64.42 120.77 126.77 121.63 109.41 0.91 

11 120.66 53.48 50.09 58.09 111.06 122.84 127.84 122.09 112.31 0.73 
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Calculation results: 

 

 

 

Koen Vandeberg 

Hand 
gesture 

Distance between fingers Distance between Hand center and fingers Corner 

F0-F1 F1-F2 F2-F3 F3-F4 Hc-F0 Hc-F1 Hc-F2 Hc-F3 Hc-F4 F0-F1 

1 48.51 10.04 12.08 16.62 62.92 52.09 54.70 5.57 47.43 1.90 

2 73.32 12.86 41.15 23.47 91.98 53.26 59.86 78.72 63.55 2.23 

3 87.89 120.04 15.08 16.21 64.29 107.26 47.39 43.79 40.19 0.38 

4 12.49 12.80 61.29 72.57 69.43 77.17 81.76 97.97 100.24 1.32 

5 134.84 121.00 15.44 1552 107.71 107.71 43.98 41.76 40.02 1.06 

6 106.54 30.11 51.25 62.96 62.56 109.81 115.85 100.97 61.71 0.75 

7 90.69 49.83 124.39 18.81 95.32 107.75 111.08 48.58 43.36 0.51 

8 97.57 18.57 106.03 17.05 86.89 102.37 111.82 57.92 57.51 0.66 

9 90.81 52.63 116.98 16.54 88.53 108.74 111.97 50.97 50.91 42.91 

10 87.62 39.42 37.11 56.84 67.95 113.39 119.32 113.13 103.37 0.51 

11 90.13 50.01 37.95 63.84 90.27 111.89 116.43 110.34 102.99 0.40 

Quinten Wuyts 

Hand 
gesture 

Distance between fingers Distance between Hand center and fingers Corner 

F0-F1 F1-F2 F2-F3 F3-F4 Hc-F0 Hc-F1 Hc-F2 Hc-F3 Hc-F4 F0-F1 

1 32.31 10.64 32.50 35.09 67.44 60.17 66.38 73.33 73.98 1.86 

2 79.97 12.50 12.56 15.39 96.83 46.26 48.11 47.06 42.58 2.34 

3 98.55 129.33 15.14 13.96 65.05 108.14 54.30 51.12 44.25 0.46 

4 25.27 8.37 39.15 54.28 60.03 57.86 60.9 62.29 86.79 1.73 

5 126.35 108.61 14.74 14.45 100.38 98.31 41.39 38.80 36.69 1.09 

6 77.26 21.06 80.23 38.69 55.41 95.06 105.11 50.08 43.39 0.37 

7 89.97 46.79 105.83 14.75 59.83 101.02 104.10 38.74 40.19 0.59 

8 126.54 22.75 104.81 15.23 100.99 96.47 103.59 52.17 45.17 1.08 

9 113.81 46.59 107.02 16.74 98.13 101.39 105.03 54.55 46.19 0.85 

10 102.03 36.44 38.25 42.87 53.36 101.72 105.55 100.89 92.74 0.86 

11 124.96 48.52 41.06 53.88 108.02 116.36 122.74 118.10 108.73 0.78 
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Test and calculation results for hand gesture testing scenarios (picture taken from own test case) 
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APPENDIX C 

 

 

Objects that should be attached to the object to interact with (picture taken from Leap Motion Unity assets) 
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APPENDIX D 

 

Start scene of the demo (picture taken from Color It Quick demo) 

 

Unity assets that were used in the demo (picture taken from Color It Quick demo) 
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APPENDIX E  

 

Ray casting code snippet (picture taken from Color It Quick demo source code) 
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APPENDIX F 

 

PlayerPrefs code snippet (picture taken from Color It Quick demo source code) 
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APPENDIX G 
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Hand gesture class code snippet (picture taken from Color It Quick demo source code) 
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Hand gesture Manager code snippet (picture taken from Color It Quick demo source code) 


