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Abstract— The success of context-aware systems depends on 
intuitive user interface designs which facilitate communication 
between multiple devices. This paper presents ThrowIt, a 
natural user interface for sharing objects between mobile 
devices using gaze and hand gestures. For enabling gesture 
control, ThrowIt includes an off-the-shelf monochrome camera 
with infrared lights and a hand-held 6 degree of freedom 
sensor. To share an object, the user first locks their gaze on the 
object, then selects the object by doing a short ‘grab’ gesture, 
and finally, sends the object to another mobile device by doing 
a ‘throwing’ gesture. The mobile devices locate each other via 
a context server. According to the results of our user study, the 
idea of sharing digital objects using ThrowIt was found both 
useful and fascinating. However, sharing objects to many 
people at the same time raised security concerns. 
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I. INTRODUCTION

The capabilities of mobile devices (incl. mobile phones 
and tablets) have increased rapidly during the last years. 
Along with the development of hardware capabilities, the 
input methods of mobile devices have evolved through the 
introduction of touch screen technologies and touch gestures. 
Touch gestures can provide a significant improvement to the 
usability of a mobile device [2], but not all of these gestures 
are intuitive, and thus, may require a great deal of learning as 
well as manual dexterity [3]. 

In order to enhance the intuitiveness of user interfaces 
(UI), new kinds of UIs have been proposed that use natural 
gestures to select, manipulate and transmit objects [12], [14], 
[16], [17]. Natural gestures have been modeled based on 
human gestures, and thus, do not usually require much 
learning. However, there may be some variation on how 
people conduct certain gestures, which need to be considered 
in the system design [10]. 

Typically, sharing an object using a mobile device 
typically requires: (1) selecting an object from the screen or 
from a folder; (2) selecting the sharing operation; (3) 
selecting a recipient or typing in an address; and in some 
cases, (4) selecting the wireless communication technology 
for the object transfer. In order to facilitate the sharing of 
objects between mobile devices, we have developed a natural 
UI called ThrowIt which takes advantage of gaze and hand 

gestures. With ThrowIt, the sharing of an object can be 
conducted by: (1) locking one’s gaze on the object; (2) using 
a ‘grab’ gesture to select the object; and (3) making a
‘throwing’ gesture towards the recipient to share the object 
with another device. The wireless communication 
technology can be determined automatically based on the 
available context information. 

In this paper, we present the results of our user study 
conducted with a prototype implementation of ThrowIt. The 
aim of our user study was to examine users’ perceptions on 
using ThrowIt as a UI for sharing digital 3D objects between 
mobile devices. The examined aspects in the user study were 
easiness, speed, accuracy, controllability, naturalness, 
entertainment value, usefulness and safety of ThrowIt. It is 
important to emphasize that we examined accuracy as it is 
perceived by users rather than doing any technical 
measurements, for instance, on the throwing accuracy that 
has already been extensively examined in [16]. The results 
achieved in this paper provide new insights into how a UI, 
based on both gaze and hand gestures, performs for object 
sharing between mobile devices. What are its advantages and 
limitations, and what are its potential future application 
areas. 

The rest of the paper is organized as follows. Section 2 
presents the related work. Section 3 introduces the system 
design of ThrowIt and the chosen technologies for gesture 
and gaze recognition. Sections 4 and 5 present the setup and 
the findings of our user study, respectively. Finally, Section 
6 concludes the paper. 

II. RELATED WORK

Using hand gestures and/or gaze tracking for 
manipulating UIs is not a new idea itself, but the majority of 
the existing work concentrate merely on the interaction 
between a mobile device and a large display, e.g. [4], [12], 
[14], [17], instead of the interaction between multiple mobile 
devices. 

For instance, in [14], a mobile application called 
MobiToss is introduced. With MobiToss, a user can transfer 
a piece of media to a large display using a ‘throwing’ gesture 
and manipulate the appearance of the media by tilting her/his 
mobile device. Users’ hand gestures are recognized using the 
in-built accelerometer of the mobile device. A similar kind of 
work is also described in [4], where a ‘throwing’ gesture can 
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be used for transferring media documents as well as the 
whole UI to a large display. For browsing the media 
documents and controlling the transferred UI, ‘tilt’ gestures 
are used. All hand gestures are conducted and recognized 
using mobile phones that have in-built accelerometers. In 
[17], a head orientation and hand gesture based UI for 
interactive large-scale displays is presented. For both head 
orientation and hand gesture recognition, depth and color 
cameras are used. In their user study, the participants showed 
strong interest towards the developed interaction methods 
even though conducting some of the hand gestures caused 
fatigue in a long run. In [12], a UI for manipulating 3D 
objects on a large stereoscopic display is described. To 
recognize a user’s hand gestures (and the orientation of the 
user’s head for adjusting the view), a wireless hybrid inertial 
and ultrasonic tracking system is used to provide the 3D 
positions and 3D orientations of the user head and two 
hands. In addition, a pair of wireless 6 degree of freedom 
data gloves is used to provide all the finger joints movement 
information.  

Although being low in numbers, there exist some 
proposals, e.g. [5], [8], [13], [16] that take advantage of hand 
gestures for implementing data sharing between multiple 
mobile devices.  

The pioneering work in this research area was introduced 
in [13], where a user can physically select an object on a 
display and drop in on another display using a stylus (a pen-
like device). Each stylus has a unique identifier that is 
mapped with the selected object. This mapping information 
is stored by a server component called the pen manager. 
When another display is touched with the stylus, the pen 
manager initiates the data transfer based on the stored 
mapping information. The actual data is transferred using 
WLAN. The prototype implementation was tested with 
PDAs, desktop computers and large displays. In [8], two 
tablet devices are able to share data after they have been 
physically bumped together. The ‘bumping’ gesture is 
recognized using an accelerometer and the data is shared 
using WLAN connection. In [5], the design of a game called 
SoundBounce is introduced. In SoundBounce, players are 
able to conduct ‘aim’, ‘throwing’ and ‘hit’ gestures that are 
used for transferring different kinds of sounds between the 
players. The gestures are recognized using a mobile device’s 
in-built accelerometer and compass. In [16], a mobile 
application called Toss-It is presented. Toss-It enables 
sending information between user’s PDA and other 
electronic devices using a ‘throwing’ gesture. The used 
PDAs were embedded with accelerometers and gyroscopes 
in order to recognize the strength and the direction of the 
‘throwing’ gesture. In their user study, the focus was entirely 
on the accuracy of the ‘throwing’ gesture of which success 
ratios were on average between 60 and 85 percent. 

When comparing ThrowIt to the related work, the 
following differences can be emphasized: First, ThrowIt 
combines eye-based gaze tracking and hand gesture 
recognition for object sharing between mobile devices, 
which has not been paid attention by the research 
community. Second, user studies conducted with ThrowIt 
concentrate on users’ perceptions on this kind of new UI 

instead of measuring the technical accuracy of the ‘throwing’ 
gesture, which has already been done in [16]. Third, ThrowIt 
interfaces with a 3D virtual environment called realXtend [8] 
enabling new application cases especially for virtual 3D 
environments and augmented reality. 

III. THE SYSTEM DESIGN

The prototype implementation of ThrowIt consists of two 
components, gaze tracking and hand gesture tracking. The 
overall system also includes a context server, a network 
interface component and a realXtend application [8] that 
enables creating both private and networked virtual 
environments. A simplified architecture of the system 
implementation is shown in Figure 1. 

Gaze tracking Hand gesture 
tracking

realXtend 
application

Bluetooth, 
WLAN, 3G etc.

Tablet device

Context 
server

Gaze tracking Hand gesture 
tracking

realXtend 
application

Bluetooth, 
WLAN, 3G etc.

Tablet device

Figure 1. A simplified system architecture.  

Usually, the gaze tracking systems require the user to 
stay in a predefined position or wear some kind of a device 
or a marker [6]. For tracking the user’s gaze in ThrowIt, we 
use a monochrome camera with four infrared lights that are 
attached to the tablet device itself as shown in Figure 2. All 
the computation done in the gaze tracking component is 
performed by the tablet device, and thus, no data is required 
to be sent to any external servers for further processing. 

Figure 2. The hardware test setup.  
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For estimating the user’s Point of Regard (POR), i.e., the 
point that the user is looking at on the screen, a well-known 
Corneal Reflection and Pupil Center method [7] is used. This 
method strives to determine a user’s POR by examining how
the corneal reflections are positioned in relation to the pupil 
center. In ThrowIt, the corneal reflections were generated by 
infrared (IR) LEDs. An IR pass filter was also attached to the 
camera to improve the contrast of eye features, and together 
with IR illumination, to reduce problems caused by the 
ambient illumination. 

For tracking the user’s gaze, a video sequence containing 
the user's face is first captured using the monochrome 
camera. Next, the location of the user’s eye is tracked from 
each consecutive frame and the neighborhood containing the 
eye is cropped (see Figure 3). This was done because the 
pupil center and corneal reflections were determined faster 
when contained in a smaller area. Finally, four determined 
locations of the reflections and their relative position to the 
pupil center are used in the PoG estimation. 

Figure 3. A cropped input frame in which eye features, a pupil center and 
four reflections are visible.  

For the hand gestures, we use an ATR WAA-010 
wireless hybrid sensor as a controller (hence called as the 
sensor). This device has multiple sensors, but we used only 
the gyroscope and the accelerometer in our system. The 
sensor was attached to the back of the hand allowing the user 
to operate their fingers without hindrance. The gesture
vocabulary consists of a short ‘grab’ gesture used for 
selecting an object and a ‘throwing’ gesture used for sharing 
an object. The ‘grab’ is a tapping-like down-up jerk of the 
palm. The ‘throwing’ gesture is made by turning the sensor 
first into a vertical and then back to a horizontal position. In 
essence, this requires the user to perform either a small or a 
large throwing-like motion. The reason for having a specific 
gesture for selecting an object is needed for dealing with so 
called “Midas Touch” problem [15]. In gaze-aware UIs, 
users are constantly looking at objects, but that does not 
automatically mean that users’ intention is to manipulate 
these objects. Thus, using gaze for selecting an object would 
repeatedly result in unintentional interaction. Because we 
used the gesture recognition system simultaneously with 
another experiment, the actual gesture vocabulary consisted 
in total of four gestures instead of the two described above. 

The gesture recognition was implemented using a 3 
Nearest Neighbor (3/NN) classifier on raw acceleration and 
gyro values sent by the sensor. The classifier was trained by 
recording prototype gestures interactively. In real-time 

operation, the classifier then compares the user performed 
gestures to the prototype dataset. The gesture recognition is 
continuous, meaning that no external signal is required to 
mark the start and the end of a gesture. The K value of 3 was 
determined experimentally. Despite its simplicity, the 
recognition worked well in practice. We validated the
gesture recognition system by performing a 10-fold cross 
validation to our training set using the K/NN classifier of the 
Weka Machine Learning toolkit with similar parameters to 
ours reaching an overall recognition rate of 98%. 

Similarly to Toss-It [16], we additionally implemented 
‘grab’ and ‘throwing’ gestures by constructing a trajectory-
based classifier, such as in [11], where also the direction and 
the strength of the ‘throwing’ gesture were taken into 
account. However, we decided not to use the trajectory-
based gestures in our user study, because (1) our focus was 
on examining users’ perceptions on using ThrowIt for 
sharing 3D objects rather than the accuracy of the ‘throwing’ 
gesture, and (2) without them the tilt of the sensor 
(calculated from the gravity vector sensed by the 
accelerometer) could also be used continuously for other 
controls, such as 3D object manipulation or viewpoint 
manipulation, when needed. 

The gaze tracking and hand gesture tracking components 
are each run in their own OS level processes, and they 
communicate with the realXtend application over a custom 
protocol built on JSON and TCP. This loose coupling of the 
components facilitates the development of ThrowIt since no 
tight integration to the realXtend C++ code base is needed. 

The context server that was used in the prototype system, 
implements the common publish-subscribe model [1] for 
managing users’ context information. The context server 
stores information about users’ activity (i.e., is their gaze 
focused on the screen or not), location and available wireless 
interfaces as well as their parameters. The effectiveness and 
accuracy of this system relies on accurate indoor positioning 
system, which is a general research problem and out of the 
scope of this work. 

IV. THE USER STUDY

In this section, the empirical small scale user study of 
ThrowIt is presented. The aim of the user study was to 
investigate the following issues: are users interested in these 
kinds of UI methods, do they find the methods easy to use, 
how do they experience the use (e.g. is it fun, useful or 
natural) and how do users perceive security aspects.  

A. Participants 
In the user study, we had 6 subjects, whose age varied 

from 24 to 37 years (averaging 31). The ratio between males 
and females was 1:1. For the user study, we recruited 
participants with various backgrounds. The first half of the 
users were technology-oriented and the other half non-
technology-oriented users. Four of the users had tried gesture 
based games such as Nintendo Wii or PS Move sport games. 
One user did not play such games at all and only one user 
plays gesture-based games often. 

77



B. Use Scenario and Test Setup 
At the beginning of the test, users were introduced to the 

following use scenario: The user has a model of a 3D object 
in a 3D environment and wants to share it with their 
colleague who is sitting in the same office space. The 
motivation behind this is that her colleague is going to edit 
the 3D model. The user wants to utilize a new gaze tracking 
and hand gesture based method for sharing. Therefore, she 
looks at the object and when her gaze is recognized by the 
system, she selects the object by doing a short ‘grab' gesture 
and then does a ‘throwing’ gesture towards the position 
where her colleague is located. Finally, the object appears on 
the display of her colleague who saves it for the further 
editing. 

In the test situation, the procedure was the following: 

1) The subject filled in a background questionnaire. 
2) The moderator briefly introduced the task and the 

controls. 
3) The subject performed the task three times: she/he 

looks at the target object and when the system 
recognizes her/his gaze, the subject selects the object 
(‘grab’ gesture) and shares it (‘throwing’ gesture) 
with her/his colleague. 

4) The subject was briefly interviewed after the task. 
The interview focused on her/his subjective 
experiences.   

5) The subject filled in a 5-point Likert scale 
questionnaire, which included 17 statements. 

The 5-point Likert scale questionnaire used included 17 
statements on how the users perceived the gaze and hand 
gesture controls. Answer options ranged from (1) “strongly 
disagree” to (5) “strongly agree”. Each test session was video 
recorded. 

V. FINDINGS

Findings were collected by interviews and 
questionnaires, and quantitative data (e.g. task completion 
times) were measured from the video recordings. 

A. Easy and Fast to Use 
Every test user succeeded to perform the given task, and 

according to their subjective comments, ThrowIt was easy to 
use. However, it can be seen in Figure 4 that the object 
selection by gaze and ‘grab’ gesture was not very easy for 
users (avg. 3.3). The main reason for this result was that gaze 
recognition was not accurate enough and the visual feedback 
of the object selection was not very user-friendly. There was 
only small color change that indicated the selection. Instead, 
‘throwing’ gesture was regarded as very easy to use (avg. 
4.8). 

Figure 4. Users' perceptions on using ThrowIt. 

According to task completion times, the task was fast to 
perform. Object selection by gaze and ‘grab’ gesture and 
then sharing by ‘throwing’ gesture took approximately 3.67 
sec. For this, each user's fastest and slowest performance was 
not counted. A small learning curve could also be observed 
from the results. When using ThrowIt for the first time, some 
users made very slow and wide ‘throwing’ gesture 'and 
looked at the screen for feedback on whether the object was 
shared. The difference in completion times is mainly caused 
by three aspects: (1) how fast the ‘throwing’ gesture is 
performed, (2) how wide the ‘throwing’ gesture is, and (3) 
how responsive the system is in detecting the object 
selection. For instance, the subject 3 performed the given 
task very fast when using ThrowIt for the third time (1 sec.) 
because her ‘throwing’ gesture was just a small wrist 
movement (Figure 5). The examples of two different ways of 
performing a ‘throwing’ gesture in the test are illustrated in 
Figure 5 and Figure 6. 

Figure 5. Sharing using a small ‘throwing’ gesture.

Figure 6. Sharing using a wide ‘throwing’ gesture.

The object selection (avg. 4.2) and throwing (4.8) were 
regarded as fast to use as seen in Figure 4. However, in this 
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kind of task and Likert scale questionnaire, a quality like 
'fast' can be perceived very subjectively. 

B. Accurate and Controllable 
With ThrowIt, accuracy is related to both object selection 

and object sharing. In the object selection, it is related to how 
accurate the gaze recognition was. All users complained that 
they had to focus their gaze slightly upwards of the actual 
object. This, for instance, had an impact on how natural the 
use of gaze was perceived (see the next section). However, 
as Figure 4 illustrates, test users ranked accuracy of the 
object selection quite high (avg. 3.7). In the object sharing, 
the accuracy is related to the direction the ‘throwing’ gesture 
should be made, for instance, towards a colleague or a 
computer. This is a relevant concern when a user is sharing 
an object to a single person in an office space, where there 
are several colleagues nearby. Sharing an object by accident 
to a wrong person is not acceptable. Test users also 
wondered what kind of a gesture they should make when 
sharing an object with many people at the same time. Figure 
4 also depicts that test users perceived object sharing using a 
‘throwing’ gesture as controllable (avg. 4.2).

C. Natural and Fun 
Poor accuracy of gaze tracking had some impacts on how 

the test users perceived the naturalness of the object selection 
(avg. 3.7). However, test users were very enthusiastic about 
the idea of gaze controlling, especially, they regarded it as 
proper for moving objects on the screen (in a 3D space). The 
‘throwing’ gesture was perceived as natural (avg. 4).
Although all the users commented that sharing by a
‘throwing’ gesture is natural, they said that the style of 
throwing is dependent on the use context. For instance, in an 
office space you cannot or do not want to use the same 
gesture as in gesture games (e.g. sport games). Test users 
used and described different ways of throwing: 

� small wrist movement (grab) 
� forearm movement (dart) 
� fast throw forward (baseball) 
� big throw forward (fish using a spinning rod) 
� fast movement to the side (frisbee) 
� hand up and down (elevator) 
� big hand wave downwards (tennis) 

All users perceived the use of gaze, ‘grab’ and ‘throwing’ 
gestures as fun. Even though the gaze accuracy was not very 
high, test users liked it, as one person commented: "gaze 
recognition was quite exciting". The other person said: "Fun 
that one can control the UI by gaze". Sharing objects by 
throwing was regarded as different, and thus interesting. One 
of the participants commented: "It was so different...I could 
not have guessed that I can share just like that" (using a 
small ‘throwing’ gesture). Another person also said that this 
was a different way for controlling the UI: "At first I was 
amazed by this, even though the controls were not 
complicated".

D. Perceived Safety and Usefulness 
In our questionnaire, we asked how test users perceive 

ThrowIt from safety (i.e. security) and usefulness aspects. 
Figure 7 depicts that sharing an object by throwing is safe 
with one person (avg. 4). Instead, throwing to many people 
was not perceived to be safe (avg. 2.5). One test user 
commented that throwing is frightening if you cannot be sure 
to whom a file or an object will go. She said that she would 
like to select the recipients using her own computer. 

Figure 7. Users' perceptions on using ThrowIt. 

Test users perceived the ‘throwing’ gesture to be very 
useful when sharing an object with one person (avg. 4.5) or 
with many people (avg. 4.0) as seen in Figure 7. Test users 
commented that a typical use for gesture controlling can be 
found in games. They liked the idea that gesture controlling 
could be used for other purposes as well. For instance, they 
commented that it could be used for door opening and for 
helping handicapped people to perform some activities. Also 
one person commented that then she would not need a 
memory stick for saving and sharing big files (3D models). 

VI. CONCLUSION

This paper presented ThrowIt, a natural user interface for 
sharing objects between mobile devices using gaze and hand 
gestures. Even though the implementation of ThrowIt was 
only a prototype and accuracy of the gaze recognition was 
poor, user experiences were mainly positive. Participants 
were very enthusiastic to try the presented gaze controlling 
and hand gestures. The idea that one can share digital objects 
using ThrowIt was found both useful and fascinating. 
However, participants were concerned that sharing objects to 
many people may not be safe, because it is challenging to 
determine the group of recipients. In order to improve the 
performance of ThrowIt, especially the accuracy of gaze 
recognition on mobile devices would require further 
research. Additionally, a larger scale user study could be 
conducted with several different application cases taking 
place in various contexts (e.g. home, office and public 
spaces). In the future, natural UIs such as ThrowIt can enable 
novel applications especially for 3D environments and 
augmented reality.  
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