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Tangible Interaction Menu

ABSTRACT 

Augmented Reality is a technology which connects 
virtuality and reality, in order to that, the paper is about 
adding a tangible object as part of reality to manipulate 
objects in AR environments. The main goal is to avoid 
touch inputs, due to the fatigue in hands, therefore, we 
developed a tangible interaction menu (shortened: TIM) 
for easing the workflow in graphic programs. The base 
of TIM is an octagonal shape, which was designed for 
one hand to have control over eight menu items. The  
efficiency and usability of TIM was tested and compared 
with a second prototype: the menu with the tangible 
object and the other as usual with touch input. The 
user tests have shown that the prototype has still some 
trouble with tracking the AR markers, for this reason 
the interactions in whole takes much longer than the 
touch interaction. 
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MOTIVATION 

As an everyday life problem the touch input on mobile 
devices can restrict the user’s view at displays. Due to 
the touch gestures the fingers cover the content, which 
is edited for example in a graphic program. In order to 
the modality when users do the touch gestures over a 
long time, it can increase some fatigue. 

For this reasons the intension of this project is about using 
the camera as input modality, to solve the occlusion- 
problem. Moreover, the camera input can be used for 
manipulating virtual objects as it is explained in the 
related work “Camera-based interactions in Augmen-
ted Reality” [1], which was developed at the “VTT 
Technical Research Centre of Finland”. In this case they 
implemented marker-based augmented reality for the 
mobile version of their prototype what was also the 
plan for this work.

Another interesting aspect is the augmented reality 
scenario for creating and editing landscapes. To inte-
grate a part of reality a tangible object should be used 
as input device and replace the usual touch interaction 
in a menu. In addition, while manipulating 3D objects it 
would be more efficient to hold an object in your hand, 
which has the control over the virtual content. 

By interacting with the tangible object as a menu, it is 
an important issue of the project that the form can be 
moved in one hand as the “One-handed interaction 
with augmented virtual objects on mobile devices” [2] 

described, which was published by the “Department 
of Electronics and Computer Engineering” at the  
Hanyang University in Seoul (Korea). They developed an 
application which supports natural augmented reality 
environments. In this case they implemented a dog 
which can be moved or rotated in the hand. It seems like 
the user interacts normally with the augmented reality 
content without any use of equipment. This natural 
behaviour of interacting with AR objects should be the 
effort of the tangible interaction menu. 

CONCEPT

TIM, the tangible interaction menu, is designed for an 
easier way of editing 3D models as the usual touch 
input offers. On each side of the shape an AR marker 
is placed and connected to a menu item like “create 
an object” or “rotate the object”. The camera on the 
device is detecting these markers and will perform the 
call-to-action. The selected object is going to change 
like the user controls it with the tangible menu. 

At first, for the augmented reality scenario an image as 
world tracker has to be recognized of the camera. Only 
at the display the AR content appears virtually over the 
tracking card (in reality).

For this work we took the basic menu items to manipulate 
simple objects. Therefore, the tangible method as menu 
selection is compared to the same scenario is implemented 
with touch interactions. We offer the usual gestures like 
„pinching“ to scale objects bigger or smaller, „dragging“ 
to move them anywhere and „rotating“ for rotate them. 
By tapping, you can set  a colour, which can be chosen 
on the top of each object.

In contrast to the usual touch input, the camera has to 
recognize the AR marker on the sides of the tangible 
object to activate the selected menu option. If it is 
successful, a virtual button will appear on the camera 
screen as visual feedback for the user. By holding the 
button, you are able to manipulate the AR object. As 
an example the camera tracks the menu item “Create” 
or “Delete”, and after pressing the virtual button, the 
call-to-action will be activated. 
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The controlling system should be more intuitive as the 
touch input. Within the “Move” option you will be able 
to move in any direction to place the object in the AR 
environment, if you keep holding the virtual button. 

 

For the item “Scale” you hold the virtual button and move 
towards the camera for sizing the AR object  bigger 
and by moving away from the camera, the object will 
become smaller due to a bigger distance. 

The menu item “Colour” works similiar to “Create“ and 
“Delete“, by clicking on the virtual button you are able 
to change colours of objects and select one of eight 
of the basic colour palette. The user can choose from 
the functional color palette which is based on average 
colours of buildings and natural surroundings.

And the last option for changing the appearance of the 
AR object is the item“Rotate”, in which you hold the 
virtual button and slide with the tangible interaction 
menu from right to left. 

By interacting with the tangible object the augmented 
models will be manipulated according to the selected 
menu and change their appearance. 

For having a wider range of creative possibilities, an 
option like “Transform” could be added. In addition, 
the basic item “Save” to record steps in the scene you 
are going to build.

All in all, the controlling of the tangible menu should 
be more intuitive as using the touch gestures, so the 
efficiency for editing increases, especially for the case 
of manipulating a higher number of objects  or simply 
placing it in the AR World. 

IMPLEMENTATION

To be able to interact in one hand, the shape of TIM 
was a fundamental question. A simple paper prototy-
pe helped to find out which shape is more ergonomic 
and manageable for rotating and working. In this case 
we corrected our original cubic in an octahedron body 
based on triangles.  This has also the benefit, that there 
are more numbers of areas. It offers a good number of 
possible interactions and all basic options can be inte-
grated in the application. On each side of the form is a 
printed tracking card for the AR menu. These markers 
are detected by the camera of the mobile device.

The plain scenes are built in “Unity3D” which is based 
on the programming language C#. For the tangible 
interaction scenario a virtual button is placed over the 

Scale: Slide gesture towards and away from camera for menu control 

Colour: Tap gesture for menu control

Move | Transition: Move gesture for menu control Rotate: Slide gesture for menu control



– 4 –

Tangible Interaction Menu

marker on each side, to control the menu items. When 
the camera recognizes the AR markers, the virtual 
buttons appears as visual feedback for the user.

The library “Vuforia”, which is automatically integrated 
in the software “Unity”,  needs data bases where you 
are able to check the quality of the AR marker. In the 
scenes you integrate the markers as “image target”. 
We found out, that it is useful when you have more 
lines and graphics on the icon. As you can see on the 
picture below, the comparison between the rotate item 
in the first version and the last. By rotating the cube, it 
is helpful to know for users, which menu-items are in 
direct neighbourhood to the actual selected. 

We used the tracking of the image trackers to calculate 
a vector of the actual position of the tracking card and 
the starting position of the tracking position. Afterwards 
we calculated a scaling factor, a rotation angle or a new 
position for the object out of that vector.

The test was planned for a touch device and its inte-
grated camera. Due to technical problems with the 
camera, like missing the focus on the tracking card, 
we decided to test the tangible interaction menu on 
a Windows laptop connected to a Logitech webcam 
1080dpi, as you can see in the photograph on the right 
side of this page. 

For this reasons only the touch input was implemented 
on an Android device. The plugin “LeanTouch“ allows 
us to integrate the rotate, pinch and drag gesture for 
building the menu options. To enable two optional 
forms in the application, the user are able to choose 
in both prototypes between the basic elements like a 
cube and a pyramid. 

Test setup: user sits in front of a laptop. The webcam recognize the tangible 
object and its virtual button on the side which is in the view of the camera

Comparison of trackable point: first AR marker to final AR marker

Prototype and test setup: Tangible Interaction Menu 

Sucessful tracking of AR marker: a virtual button appears as visual feedback Test setup: rotate gesture as touch interaction on an Android device
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of agreement, the testers had to assess. The point -2 
is for strongly disagree while point 2 should be taken 
when the user strongly agree to the statement.

With the software “R-Studio” we evaluated the mean- 
value of the answers in the questionnaire. Four times 
the touch input has better results as the TIM method, 
but in the last option concerning the fatigue, the tangible 
interaction menu had a more positive aspect: . Beyond 
that we asked the people, if they would like to use TIM, 
when all functions are fixed and finished, and we also 
got very positive answers. Six of ten users would use 
and also test TIM one more time when the development 
is done completely.

Apart from this we also received feedback for the touch 
prototype, which was a good experience for the users 
but had still some bugs. Most of the testers couldn’t 
perform the right rotate gesture: one of them complained 
about, how exhausting this interaction is. In order to 
that scale and move actions were often mixed, because 
the plugin didn‘t separate the pinch and drag gesture.

Although the prototype of the tangible interaction wasn’t 
tested at its best conditions, the users liked the usage 
of a tangible object to manipulate the virtual world 
on a mobile device. Therefore they strongly agreed in 
total 1.75 points in the questionnaire. This result is a 
motivation for improving TIM which could be a relevant 
tool after further evolutionary process.

EVALUATION

For the user test the participants had to follow a de-
termined test procedure: one pass through the touch 
input, the other one through the tangible menu. The 
requirements get higher in each round, while there 
are 2 interactions in the first level the number of tasks 
increase up to 9. 

Moreover, during the test we measured the time for 
completing a single gesture. In the following chart you 
see the comparison between the mean and best time 
value of the performed items: rotate, move and scale. 

Besides the negative average time of the tangible 
interaction menu, the comparison of the fastest value 
between touch and TIM is not as bad as it seems at 
first glance. It only takes a long time until the camera 
recognizes the marker and start the menu option. 
After the image tracking the interaction itself started 
immeadiately and performed quickly. 

The group of 10 participants was going through the 
test procedure, but the order of task was divided. Five 
people began at the touch scenario while the other ones 
began with testing the tangible object. 

After the test procedures the testers had to fill out a 
questionnaire, in which they were asked, which of the 
scenarios is faster to use, more precise and easier to 
use when you have to do more tasks. In addition, it was 
important to find out which modality is more efficient and 
whether the concept, that TIM offers a better usability, 
is proofed. For all questions we used a 5-point-scale 

0 0

-2 -2

1 1

-1 -1

2 2

Precision

Precision

Touch InputTIM – Tangible Interaction Menu

Speed

Speed

No Problems

No Problems

Confidence

Confidence

No Fatigue

No Fatigue

Questionnaire: evaluation and comparison of questionnaire results

Result in user test: Mean value (1. Bar) compared with fastest value (2. Bar)

MoveRotate

Speed in Sec.

Scale
0

40

TIM – Tangible Interaction Menu Touch Input
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CONCLUSION/ FUTURE WORK

To have all sides of the octahedron linked to a menu 
item, the options “saving” the scene and “transforming” 
single elements could be implemented for further de-
velopment. In order to that, the users are able to do 
more creative tasks in AR environments: so a cube can 
be stretched to a cuboid and all could be saved, to fill 
the scene step by step. 

A further addition to the menu would be to integrate an 
editor, so the users would be able to have more control 
over the functionalities of the tool. They would be able 
to generate individualized content in order to the editor.

Part of the continuing research should also be to evalua-
te the efficiency of the shape of TIM. There is still the 
opened question, whether it is usable to have eight 
options for manipulation objects or do the users need 
more or less.

Furthermore, it will be useful for planning whole landsca-
pes in AR environments. So with a tangible interaction 
menu which can be tracked with the camera of a mobile 
device, you can avoid the touch inputs. It can be an 

Graphical plan of Augsburg, which was used as tracker for the AR world

efficient process in business meetings or consultations 
because people use the object and interact directly with 
the augmented content. The AR environment supports 
the imagination for plans in spatial arrangements and 
is in this case a useful benefit than sketches with pen 
and paper.
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“TIM – Tangible interaction menu for AR environments”
https://vimeo.com/254222232


