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Abstract 

In this project, I made a sketch application for desktop PC and laptop, allowing mid-air 
gesture control. With the help of the Leap Motion controller, this system can track users' 
hand gestures and movements in the space in front of the monitor, so that users can draw 
and use different tools with their hands in the air. I used the Unity platform to implement 
this application. To test the usability of LeapSketch and compare it with other interaction 
methods like screen touch, a small user test was conducted afterwards. The results 
showed that LeapSketch was easy to use and could deliver a pleasant user experience. 
But in comparison with drawing on touch screens, it was less efficient and less precise.


Motivation  

Nowadays we rely heavily on computers for work and study. People always have this 
need to draw something quickly in order to take notes and share ideas with others, 
especially in scenarios like online group discussion. Devices with large touchscreens like 
tablets could do a great job for drawing. But for those people without tablets, it will 
become more challenging to do this task. There are mainly two methods to digitalise 
hand-drawings: one way is drawing directly with a mouse on the computer. This method 
has proven to be less intuitive and less efficient. The other way is first to draw on a paper, 
and then capture it with a smartphone. It is a common approach now, but the whole 
process is still complicated. With this background in mind, the goal of this project is to 
explore the potential ways of interactions, for drawing tasks on devices without the 
touchscreen.


Some previous studies have shown interest in mid-air drawing interactions. For example, 
Paul Taele's work "Intelligent Sketching Interfaces for Richer Mid-Air Drawing 
Interactions" (2014) inspired me a lot. The author not only investigated mid-air sketch 
recognition techniques but also explored the interaction techniques. He proposed several 
input modalities from bare hand to using supporting gadgets. But today the 
improvements in motion-tracking hardware have enabled us to implement such a system 
with much less effort. The Leap Motion controller is an ideal choice for this purpose, so I 
decided to use it to develop my prototype.




Concept  

The whole system consists of the application installed on the computer and the 
connected Leap Motion controller. The user interface of the application is quite simple. A 
black canvas takes up the entire screen. In the lower-left corner of the screen is a colour 
wheel that can be controlled by gestures. The user shall sit before the computer and raise 
his or her hands above the Leap Motion controller.


The first version of LeapSketch provides four main functions: drawing, changing 
thickness of the brush, picking colour and empty the canvas. Correspondingly, four 
different interaction techniques are applied.


Drawing 

SPACE



To draw on the canvas, the user just needs to raise his or her right hand above the Leap 
Motion Controller, point the index finger towards the monitor. While moving the finger, 
keep holding the space bar. Once the space bar is released, the drawing will stop. So 
here the space bar acts as a clutch. For continuous interaction like drawing, a proper 
clutch is very important. In this case, using other right-hand gestures are either difficult or 
inefficient. So I decided to combine gesture and keyboard because, in this scenario, the 
left hand is always free anyway.


Changing Thickness 

The mapping of the hands on the x- and the y-axis is quite clear. It is just as intuitive as 
drawing on the touchscreen. The only difference is in this case there is one more axis, the 
axis z. Because the user's hands are in the air, they can move towards or backwards the 
screen. It provides the opportunity to take advantage of this space. Inspired by the 
shadow mechanism, I let the distance on the z-axis to control the thickness. The closer 
the finger is to the screen, the finer the brush becomes. And the change of the thickness 
will be also represented by the cursor on the screen in real-time.




Picking Colour 

From the beginning, I gave up the idea of using the finger to simulate the mouse to select 
colours. Because it is not so exciting and the most important is, it does not show the 
advantage of gesture control. Then I came up with this idea of the colour wheel or colour 
palette. If the user makes a fist up, the wheel will turn clockwise; and if the user makes a 
fist down, the wheel will turn counterclockwise. Because there are only two directions of 
the rotation, so the user just has to use two opposite gestures to change colours. But of 
course, there is some tradeoff. The efficiency of the colour picking will not be so 
satisfying. The solution is I just gave ten basic colours available.


Deleting Canvas 

The last interaction is to empty the canvas. It is very straightforward. The user just needs 
to swipe the left hand from left to right quickly, and the entire canvas will be emptied. 



Implementation  

The prototype was developed with the Unity platform. Unity is a powerful game engine 
and is well supported by the Leap Motion for VR game and application development. 
Through the given Unity Modules, I could easily call various parameters of the hand 
tracking in the project. For the interaction of picking colours, two gesture objects are 
detected: "Hand Facing Gesture" and "Fist Gesture". For deleting canvas, "Swipe 
Gesture" is detected, and the parameters were set to "Left Hand" and "Direction Right".  


Evaluation


The aim of the user test is to evaluate the usability and the user experience of the system. 
In addition, I wanted to find out whether using gesture to draw on the computer is a good 
alternative to the traditional way of using the touchscreen. 


In the user test, Three participants were asked to do three tasks both on computer and 
iPad. The execution process was as follows:


Preparation

1. Introduce what the participant is going to do in this test.

2. Introduce what this project is about.

3. Show how to use this system.


Tasks with LeapSketch (pictures were given)

1. Draw a square, a circle and a triangle in the same colour.

2. Draw a square, a circle and a triangle in different colours.

3. Draw a rainbow with different colours and widths.


Tasks with iPad

Repeat the same tasks.







After the tasks, the participants were required to answer two questionnaires. One focused 
on LeapSketch itself, using the Likert scale method. And the other questionnaire was 
designed to make a comparison between drawing with gestures and on the touchscreen. 


Most participants thought that LeapSketch was fun to use, it delivered a pleasant 
experience. It was easy to learn and to use. Some participants also mentioned that it had 
some advantages over mouse control. For example, although the user drew not directly 
on the screen, it was much more intuitive than drawing with a mouse. However, the Cons 
are also obvious. Compared to using the touch screen, the mid-air gestures were less 
precise. With LeapSketch, participants were more likely to make mistakes, and it took 
them more time to do most tasks. 




Conclusion  

The user test roughly reached the goal and collected meaningful feedback. Unfortunately, 
due to the pandemic, I have not been able to invite more participants to join the user test. 
Otherwise, I might get more interesting results.


The current version of LeapSketch has met my initial expectations for this project. 
Interesting and usable interactions were applied. As the next step, I will improve some 
issues of the existing interaction. For example, I am going to do more research and 
experiment on the colour picker, to balance the ease of use and efficiency. In addition, I 
want to add more tools to the application, which controlled by different gestures. Such as 
the gun gesture may be used as a spray.  



