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 Abstract— This paper describes and evaluates the 

development of a prototype to control the 3D objects 

rotation, through the use of the gyroscope sensor on 

the smartphone. The study is focused on a prototype 

development which uses this novel method with the 

aim of analyze if, through it, the 3D object rotation is 

faster and comfortable for the users, compared with 

other options as the mouse, the keyboard or the 

touchscreen. The use of the named sensor offers a 

multidimensional control, which is often assumed to 

allow users to work quickly, but at the cost of 

precision, due to the instability of the smartphone 

moving in the open air. At this aim tests were 

conducted to prove the other methods performances 

too. 

Keywords— 3D rotation, smartphone, prototype, 

gyroscope, cube, input device, interaction 

 

I. INTRODUCTION 

 Computers and smartphones use is always growing. 
In the same way the peripheral devices or accessories 
development to use like work or academic training 
grows. The new input devices suggest improvements and 
new options to decrease the occlusion, precision, speed, 
performance and comfortable problems.  

In the field of 3D objects rotation, the present work 
analyzes the possibility of using the smartphone (with 
gyroscope) as an input device for the computer. The 
study was also carried out to conduct the corresponding 
tests comparing it with other devices, like mouse, 
keyboard and touchscreen. Nowadays smartphones have 
features in their hardware, which are not always 
exploited by the users. In these tools are included the 
gyroscope and the accelerometer. These options are 
activated when someone moves the smartphone and 
rotates the display direction, or also it has an use in the 
virtual reality application, augmented reality or 360° 
pictures. 

The developed prototype presents to the user, through 
the computer display, a cube that has a different color 
and letter in each side. By using the named devices, the 

user has to rotate the cube until he finds the correct color 
and the correct letter position, which are shown in the 
display. It is similar to a game and also the program 
determines the time needed by the user to find the 
correct position and it saves it in a data structure file 
(.xml) with the accuracy value. 

II. RELATED WORKS 

The present study was based on other researches on 

the 3D object rotation concepts, in which some limits 

were observed. The 3D rotation can be improved with 

other interaction methods, like the gyroscope or 

accelerometer sensors use. Based on this researches 

conclusion, methods of measure and processing were 

defined in a successful way. 

A. PalmSpace 

PalmSpace: Continuous Around-Device Gestures. It 
proposes a novel style of mobile interaction based on 
mid-air gestures in proximity of the device to alleviate 
the limitations of touch interaction with mobile devices. 
While one hand holds the device, the other hand 
performs mid-air gestures in proximity of the device to 
control 3D objects on the mobile device's screen. A flat 
hand pose defines a virtual surface which refers to as the 
PalmSpace for precise and intuitive 3D rotations. Some 
hardware prototypes were constructed to test the 
interface and to simulate possible future mobile devices 
equipped with depth cameras. [1] 

This method is a valid option for the 3D rotation, 
however it has some limits about the camera position 
and the maximal hands rotation. 

B. 3D Rotation Techniques 

Usability Analysis of 3D Rotation Techniques: It 
reports results from a formal user study of interactive 3D 
rotation using: the mouse-driven a) Virtual Sphere and b) 
Arcball techniques, as well as multidimensional input 
techniques based on c) magnetic orientation sensors. 
Multidimensional input is often assumed to allow users 
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to work quickly, but at the cost of precision, due to the 
instability of the hand moving in the open air.  [2] 

a) The Virtual Sphere is a mouse-driven 2D interface 
which simulates a physical trackball. The virtual object 
is shown on the screen, and when the user clicks and 
drags on the virtual object, the computer interprets these 
drags as pulling on the simulated trackball. 

b) The Arcball is similar to the Virtual Sphere, but it 
is based upon a more mathematically elegant quaternion 
implementation.  

c) The 3D Ball is a two-inch diameter plastic sphere 
instrumented with a magnetic tracker, which the user can 
rotate to manipulate the virtual object. And The Tracker, 
which also uses a magnetic orientation sensor, is 
identical to the 3D Ball in all regards except the physical 
packaging. 

C.  Metrics for 3D Rotations: 

Comparison and Analysis. The paper presents a 

detailed analysis of six functions for measuring distance 

between 3D rotations. It concludes that it is both 

spatially and computationally more efficient to use 

quaternions for 3D rotations.  [3] 

 

III. PROTOTYPE 

 The prototype was developed in Unity 5.5
1
 with 

Microsoft Visual Studio 2.8 extension and Android SDK 
enabled. It consists of two applications, a Desktop 
Application (.exe for Windows) and one for smartphone 
(.apk for Android). These applications can work in a 
parallel way with the aim of using the smartphone as 
input device, because the model that was used for tests, 
has its own touchscreen and gyroscope. 

A. Requirements 

The work was carried out with the purpose of proving 

the control devices performance by the 3D objects 

rotation, including especially the smartphone with 

gyroscope. For this verification, the time that a user 

needs to do a defined task was measured and also the 

precision to reach the objective. 

 

The conditions for this study are the following:  

 

-  The computer shows the cube in the display  

- All the devices are connected to the computer to 

control the cube rotation. 

- Before starting the rotation, the user has to select the 

input method.  

- By realizing the task, the time will be taken with the 

aim of reaching the objective and precision.  

- The control devices used are: mouse, keyboard and 

Smartphone (touchscreen and gyroscope) 

 

                                                           
1 https://unity3d.com/ 

 

B. Design 

The interaction between the user and the prototype is 

carried on by using four input controls or devices. 

According to the control features, the rotation will be in 

two or three axes at the same time. The 3D object can 

be rotated in the display in every axis, as shown in the 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A cube is used to carry out the tests, because it is a 3D 

dimension figure and it is simple. Every cube face has 

its own color. A letter is also added in each face to find 

out the precision.  The input devices can rotate the cube 

according to their control capacity. The devices have a 

capacity from one to three axes at the same time. For 

example, a control over one or two axes (2DOF)
2
 is 

                                                           
2 DOF: Degrees of freedom. The mouse and touchscreen can 

rotate the cube in two axes simultaneously(2DOF): pitch, yaw, 

roll. While the others do it with three axes simultaneously 

(3DOF). 

 
 

Figure 1. Application Design 

 
 

 
Figure 2. DOF Input devices 
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obtained with the mouse and touchscreen and in the 

other devices this is among one and three. The Figure 2 

shows every device features with respected to the 

prototype. The Figure 3
3
 shows the DOF that a device 

can have. Three axes were used in our prototype: pitch, 

yaw and roll. The other DOF were not applied in this 

rotation study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other design considerations:  

- The Smartphone has to be connected to the computer 

via wireless.  

- The user has to select the device that he wants to use 

before starting the test.  

- The maximum time to reach the objective is 30 

seconds.  

- By starting the test, a color is shown and it is always 

different. In this way the user has to rotate the cube to 

find the color and the correct letter position. 

- The user has to maintain the cube in the suggested 

position at least one second to have a successful test. 

 

C. Implementation 

The prototype implementation was developed in two 

similar programs (Figure 4a and 4b). The main is a 

Windows Application for the computer and the second 

one is an Android App. The main program shows a cube 

with six different colors and a different letter in each 

face. The object that is represented in the display has to 

rotate according to the control used by the user. There is 

no limitation in the cube rotation, it can come back to its 

original position without limits and it can rotate 

simultaneously in the three axes. The control is 

determined just by the input device capacity. 

 

The Desktop Application receives the four devices 

information. The mouse and the keyboard are connected 

directly to the computer, while the smartphone uses a 

                                                           
3 Figure 3. By Horia Ionescu [Public domain], via Wikimedia 

Commons. 

https://upload.wikimedia.org/wikipedia/commons/f/fa/6DOF_

en.jpg 

wireless connection Ethernet 802.11 (WiFi) to send the 

touchscreen and gyroscope data to the computer. 

 

The rotation is based on Euler angles measure, 

represented through the quaternions use. In Unity, the 

rotation is defined by three angles, one for each axis, 

alpha, beta and gamma (α,β,γ). [3][4][5] 

 

An Euler angle representation: Φ = (α,β,γ) 

 

The rotation measure is made in the following way:  

 

- The objective angle position is  → q1 (1) 

- The angle controlled by the user is  → q2 (2) 

- The effective position measure is obtained by the 

difference between the two quaternions. (3) 

 

 

  (1) 

 

  (2) 

 

  (3) 

 

 

To determine if the cube has reached the correct 

position, we have implemented a threshold of 1.0% with 

respect to the difference result.  

 

The processing of measuring the distance between the 

quaternions was developed in Unity as shown in the 

formula (4). A comparison is carried out between the 

actual position and the objective position and it points 

out if the user found the position successfully. 

 

abs(dot(targetRotation, cubeRotation)) > 1 - threshold  (4) 

 

This procedure is carried out with all the instruments in 

a similar way, it means that the angles measure through 

quaternions is the same. The difference for each device 

is the control of the axes that the user has and therefore 

the variation of the rotation is varied with each input. 

 

By ending each test, the program determines the time 

that the user needed to find the correct position and 

saves it in a data structure file (.xml) with the accuracy 

value.   

 

D. Interaction Mechanism 

The user can interact with the prototype just with one 

device at time. He has to select the device that he is 

going to use to conduct the test.  

 

- Mouse: 2D input device. The user must click and 

rotate. 

 
 

Figure 3. DOF, pitch, yaw, roll 
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- Touchscreen: 2D input device. The user must tap and 

rotate.  

- Keyboard: 3D input device. The user rotates the cube 

by pressing arrow keys (x,y) and M,N keys (z). 

- Gyroscope: 3D input device. It needs WiFi to connect 

to the computer and has no clutching. The user has to 

rotate the smartphone in all directions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. TESTS 

The tests conducted with 10 users, men and women, 

in age between 19 and 35. Each user performed the test 

with all the devices. The user did not received 

instructions about the devices use, they were just told 

that the program shows a color in the lower left part on 

the display and that they had to rotate the cube to find 

the color and the correct letter position in the shorter 

time possible. 

 

The user has to select the input device to realize the test. 

Then he has to press the Start button and a square with a 

color will appear on the left corner and it is the color 

that he has to find in the cube. The user has to rotate the 

object until he has obtained the correct side and 

position. The message Hold On! (Figure 5) will appear 

in the display, showing that he has to stay in this 

position for one second, and then will appear on the end 

with the word Success! (Figure 6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. ANALYSIS AND RESULTS 

Two analysis types were realized: objective and 

subjective. The first one, basing on the tests that were 

detailed in the previous topic, where time and accuracy, 

that the users needed to find the correct cube position, 

were objectively measured. The subjective analysis 

belongs to the survey, carried out after the tests. 

 

A. Objective Results 

Time 

The fastest option to reach the target was the gyroscope. 

 

 

 
Figure 5. Wait a second! 

 
Figure 6. Success! 

 
Figure 4a. Desktop Application 

 

 
Figure 4b. Android Application 
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Accuracy 

The best precision was achieved with the mouse 

 

 
 

 

B. Subjective Results 

Easy to solve: 

 

 
 

 
 

 

 

 

 
 

 

 
 

 

Others values: 
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Besides the official tests, other tests were also 

conducted with a paper cube. The smartphone was 

inserted into the cube and the entire object was used as 

the input device. This method provided the best speed 

results, however it was not part of the tests. 

 

 

 

VI. CONCLUSIONS 

The objectives of the developed prototype were 
successfully achieved. At the end of the tests and the 
analysis of results, we found that the fastest method was 
the gyroscope. The following are other conclusions that 
were part of the experiences acquired in the development 
of the study. 

- Before using the gyroscope it must be calibrated. It is 
possible that the operation is different in other 
smartphones. 

- The touchscreen option was used only as a 2D method. 
Many users attempted to rotate the cube using the two-
finger method. 

- All the methods used were intuitively learned by the 
users. No instructions were given for the use of the 
devices. 

VII. FUTURE WORK 

After developing the prototype, we have obtained 

several ideas for future projects: 

- Add clutching function for gyroscope method. 

- Perform the analysis with other devices such as leap 

motion or kinect. 

- Use only a gyroscope sensor, instead of using the 

entire smartphone. It could be connected by Bluetooth. 

- Combine input methods between them for best results. 

Combine with other methods to generate new goals. For 

example, kinect + gyroscope. Translation could also be 

determined. 
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