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Extended Surface: Projecting smartphone  
displays onto the physical world

Abstract
Until now smartphones were designed for a limited interaction frame and for private use of a single person. In addition 
the combination of device and touch gestures as an operation tool for surfaces is yet rarely researched. We are working 
on an extended on-surface projection for mobile devices, because we want to find out how the limited size of displays 
can be extended by using ambient surfaces, so that people have direct access to applications and files, can interact with 
them in public and use their device as an additional operating tool. We developed a prototype for this scenario and used 
a multitouch display for simulating holographic or projected information.
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1. Introduction
Functions of mobile applications are mostly divided into 
several layers and frames, because the menus and pos-
sible adjustments exceed the interaction area of smart-
phones and tablets. Even if the operation system of the 
device supports a split screen, it is not feasible to have a 
look at more than two different information types at the 
same time – for example having a look at notes, upco-
ming calendar evets and at the task list in parallel. The-
refore we identify a need for extending the screen. By pla-
cing the controls outside of the tablet or phone we want 
to maximize the screen space that can be used for actual 
content without turning on the device. The enhanced 
controls can be application-specific or general types of 
interactions, like sending a file to another device or cre-
ating a new document.

We also see an opportunity to support team collabo-
ration by enhancing the screen and turning a private  
usable area into a public one. Information former stored 
on a lmited interaction frame, could be edited by mul-
tiple users. 

In addition most interaction concepts are either 
based on touch-only gestures or on physical controls. 
We combined both – touch and physical controls to dis-
cover to what extent the device can be adjusted to its 
context and could be more integrated into its ambience 
as an additional tool. 

In this paper we present related work, our scenario 
description and the technical description of the proto-
type. In our concept a multitouch monitor represents a 
touchable surface, which could be substituted to a pro-
jection in the near future or to a holographic screen.

2. Related work
The Neonode company picked the idea to enlarge the 
interaction area of a smartphone for more than one per-
son by developing a case - named “Fuffr”, that detects 
movements and gestures besides the device. The case 
was primarily intended for social gaming [2]. The mini-
ature projector TouchPico makes the respective pro-
jection area (multi-)touchable [6]. The Cicret bracelet 
illustrates the vision of turning the skin into a touchab-
le interface by projecting the contents of a smartphone 
onto the skin [1]. A team, formed by members of Nokia 
Technologies and the University of Glasgow, tested abo-
ve mentioned device interaction to improve gestures 
on small displays and to enlarge the interaction sphe-
re. With certain gestures above and besides the device 
selection or counting could be executed [3]. The Porta-
ble Desktop is a concept by the FX Palo Alto Laboratory 
and allow the use of a table as an extended desktop for a 
mobile device, while the table shows the big, but vague 
picture and the mobile device shows detailed informa-
tion [4]. Microsoft HoloLens is a device announced 

by the Microsoft Corporation for augmented reality 
with a frameless appearance [5]. This is an interesting 
development, as displays of current smart glasses had a 
distracting appeal and user were likely to perceive them 
as foreign objects. 

The novelty of the Extended Surface consists of a 
new vision of touchable surfaces and the combination 
of touch gestures and devices as operation tools. It also 
unites the need of team collaboration and is able to aug-
ment the interaction frame of mobile devices. Further-
more the concept is not restricted to a certain surface, 
but adaptable to a projection or holographic scenario.

3. Scenario Description
Our concept aims at three use cases, which are parti-
cularly useful for office related tasks. After laying the 
smartphone down on a table-like surface, elements 
appear around the device and show current status infor-
mation like next events, notes or the time. Furthermore 
the user can move notes to any point on the table. We 
consider this second case for exchanging files between 
devices in further steps. The third case deals with scaling 
a note to make it visible to a bigger group of people and 
to support collaboration. We describe these use cases in 
more detail in the following chapters.

A) Current status overview
In our concept the current status overview shows the 
time, social media notifications, next events, a to-do-
list, notes and music controls (see fig. 8). Thereby the 
user does not have to switch between different applica-
tions and has direct access to certain information, while 
the device’s screen is on stand-by. In this scenario it is 
also possible to adjust status items related to a specific 
room or place, like programming the washing machine 
in the bathroom, regulating the heat sink in the living 
room or controlling the nearby stereo.

B) Moving a note
The user moves a note by dragging it to an optional 
point on the surface (see fig. 9). Even if the note is dis-
tant from the device, it is still attached to it and behaves 
in the same way regarding rotation and movement of 
the device. This is useful, if multiple devices are exten-
ded on a surface. Hence it is easy to find out, which note 
belongs to what device. For further work the movement 
case enables data exchange of two devices.

C) Scaling a note
After the note is moved away from the device, it can 
be scaled for a more detailed view. This can be useful 
for discussion in groups about detailed photography or 
mind maps. For scaling up the user holds down on the 
note with one finger and drags the smartphone away 
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from the it (see fig. 8). For scaling down the user holds 
down on the note and moves the smartphone in the 
direction of it. Therefore the device is turned into a phy-
sical controller.

...
Fig.1: Current status overview.

 

Fig.2: Drag and drop a note.

Fig.3: Scaling a note with the device.

4. Technical Realization
Programming Language: TUIO, processing
Hardware: 3M Multitouch Screen

A

To simulate a multitouch projection surface we used the 
3M Multitouch Screen. The programming environment 
used for the project was the processing library. The sig-
nals from the 3M display are transmitted through the 
TUIO protocol. 

Detection of each smartphone

The smartphone-prototype can be detected with three 
touch points. Each touch point is stored in a tempo-
rary list. As soon as the list reaches a size of three a new 
smartphone-object is created and the list is emptied. 
Although smartphone recognition could have also been 
done with two points only, three points are needed to 
recognize the rotation of the device and rotate the who-
le overlay accordingly. The prototype is built out of an 
1st Generation iPod touch. A 3V button cell is attached 
to the back of the device in order to provide a constant 
electrical field and simulate a finger touch. Covering the 
back of the device and hiding the battery is a sheet of 
aluminium foil, with three rubber nobs attached to it, 
providing a conductive flow of electricity. This construc-
tion can be used to simulate a three-point-touch.

Detection of finger and smartphone movements 

Every touch in the temporarily list is counted as a user 
touch input, since there can only be a maximum amount 
of two user inputs simultaneously. Since the temporarily 
list of touch points is emptied when three touch points 
are reached (creating a phone object) it is safe to assume, 
that all touches still in the temporary list are user tou-
ches and not corners of the smartphone.

Fig.4: Prototype of Augmented Smartphone.

5. Evaluation
Until now our concept is based on assumptions and the 
usefulness is not scientifically proved. Therefore a user 
test is outstanding. Our current prototype focuses on 
core functions and leaves space for adding more func-
tionality. In relation to our in-depth literature research, 
our concept offers new approaches to extending surfa-
ces. This means, that our concept is a reference point 
for future work. In addition it is applicable for the two 
scenarios of holography or projection.
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6. Future Work
A following field of research is the adaptation of pro-
jected information in relation to a certain environment. 
Control of temperature, equipment and stereo could 
be shown context sensitive. The use cases could also be 
transferred to other devices with limited display space 
like smartwatches and smart glasses. In this context the 
surface itself could be widened to the palm of the hand, 
the arm or a wall.

7. Conclusion
In our concept we extended a smartphone’s display to 
the ambient surface. We mainly wanted to solve two 
problems – the limited space of interaction and the 
design for private use, where collaboration is hindered. 
We depicted three use cases to explore how the interac-
tion sphere of a user can be enriched and to what extent 
the user can have more direct access to information and 
files. By projecting information around the smartphone, 
moving a note and scaling it with touch and the smart-
phone, our concept supported collaboration and com-
bined touch gestures with physical controls. Although 
the scientific approval is missing, our concept is appli-
cable to multiple devices with limited display size and 
multiple environments.
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