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Abstract 
The 3D Manipulation Ball is an Input Device developed under the Interaction Engineering 
class of Prof. Dr. Michael Kipp at Hochschule Augsburg. It enables users to perform simple 3d 
manipulations in a virtual space like object rotations by tilting and rotating a hand-held ball. 

Motivation 
3D virtual reality glasses have for a few years now elevated the world of computers to 
displaying content in all visual dimensions. However on input devices the development has 
not been as fast as early science-fiction authors were eager to believe. 
This proof of concept wants to test the possibility to use the simple geometric form of a ball 
as an input device and map its movement to three dimensional manipulations in virtual 
space. 

Concept 
The input device features three mechanisms in order to fully operate the demo application. 
 
To navigate on the user interface, a so-called ray-cast mouse is mapped to the horizontal 
and vertical tilt of the ball. It is held in one hand and by rolling and panning, the mouse’s 
position on the screen is changed, as if it was attached to the ball with a long stick. 
 
To demonstrate the device’s capabilities as a 3d manipulator, the application features a 
rotation mode. When this mode is activated, a dedicated virtual object on the screen can be 
rotated around its center. 
 
While there are many other 3d manipulations that could theoretically be implemented for 
this project, the rotation shall be the only one realized, since it’s powerful enough and very 
quick way to demonstrate the functionality, yet simple enough to program. 
In rotation mode, the object shall rotate around an axis that is defined by the rotational axis 
of the ball, while the degree of rotation defines the speed that the rotation is taking place. 
This is different to an approach where the rotation of the input device is mapped directly 
onto the virtual object. 
To avoid stuttering movements, a threshold for the rotation must be implemented. 
 
To switch between the ray-cast mouse and the rotation-mode, the ball can be tapped with a 
finger, which triggers the rotation mode on the currently hovered object. To leave the 
selection, the user must double-tap the ball lightly. 
Each tap is accompanied by a vibration feedback-mechanism integrated into the ball. 

Implementation 
The implementation is split between the development of hardware and software. 
 
For the rotation mechanism and the ray-cast mouse, the device has to sense its acceleration 
and rotation. These movements are generally recorded by inertial-force-sensors. They can 
be found in most smartphones. However for these sensors to be integrated into a ball that 
can fit in most people’s hands, a smaller form factor was needed. 
The Arduino Nano 33 IoT brings a six-axis inertial sensor onboard. The 6 axes mean it can 
sense both rotational and linear inertial forces in all three dimensions. 



Rotational inertial force is measured by a gyroscopic unit, while linear forces are grouped in 
an accelerometer. 
To support the user feedback, a tiny coin cell vibration motor is soldered to the Arduino. 
 
The components are packed into a foam ball, known as stress ball and connected to a 
computer with a usb cable which provides power and the connection to the serial port. 
The Arduino reads the inertial unit’s data whenever ready and then communicates them on 
a serial interface. 
 
On the software side, a computer running Processing Java communicates with the Arduino 
receives that data. It is then converted into uniform values and cleared of any detectable 
distortions. 
Out of these numbers the code generates an approbation of the ball’s current rotation and 
ray-casted mouse’s position that can then be displayed on the screen. 
Additionally a tap on the ball is detected when the vertical axis of the accelerometer 
registers movement above a certain threshold. 
 
With that data, the rotation-mechanism can be engaged on a tap and then calculate the 
rotation-axis and -speed of an object. 
 
To demonstrate the capabilities, a demo user interface was implemented. 4 objects, layered 
on a grid resemble a playground on which users can interact with each model, make a 
selection and then rotate as specified above. 
The four models are separated by bounding boxes that change colour when the object is 
part of the current selection. 

Evaluation 
Evaluation was quick and with a small group of participants. It is therefore in no way 
sufficient for any scientific results. However it shall provide a quick idea of the effectiveness 
of this concept. 
 
Participants were given the 3d manipulation ball and were sat in front of a computer with 
the 3d playground with no instruction other than to explore the interface.  Afterwards a 
short questionnaire was filled out. 
Out of the three participants, two were male, 1 female, with age ranging from 22 to 25. 
 
Users found the ray-casting mouse quite easy to get accommodated to, however it took a lot 
of trial and error to find the tap which activates the rotation. The latter was described as not 
very intuitive. 
Participants did like though, that the mouse mechanism is very good and 2 of 3 would use 
the device in a professional workplace setting with an overall moderately easy to use factor 
(3,66/5). 



Conclusion 

During testing it became evident that doing the calculations of sensor data into real-world-
values outside of the Arduino was bottlenecked by the serial connection. Although fit for a 
proof of concept, it would be better to do at least some data-processing on the hardware 
side of this application, i.e. the Arduino. 
The biggest difficulty was in combining the data form the gyroscope with the one from the 
accelerometer as they are not to be simply separated but would have to be calculated 
against each other to get pure rotational and pure linear movement values. 

Improvements 
To better the application a wireless connection would probably improve the user experience 
and offer more freedom during use. In particular, the device could be rotated in any 
direction and would not have to be held in a position where the cable doesn’t tangle around 
the user’s hand. 
As testees complained about the vibrational feedback, further research and testing could be 
done to find a more suiting solution. 
Most urgent however is the development of more precise algorithms that take into account 
the co-dependency of accelerometer and gyroscope and clear the sensor data of any 
distortion.  
With more accurate readings more 3d manipulations can be implemented. 


