
iMoted 

Interactions in immersive environments  

applied into Space segment 

 

Ricardo Cadete 

 

Abstract 

Nowadays, simulation and virtual interactions are essential aspects required by several 

engineering areas in order to obtain and predict results, which otherwise would not be possible 

to achieve.  

Tasks such as identification, navigation and handling of elements in a scenario, as well as the 

simulation of the assembly of equipment, are continually being developed and improved in order 

to enhance 3D Interfaces. 

 

But despite the efforts that has been done, those endeavours, so far, have proven to be 

insufficient. Even existing several studies of virtual camera movements and tri-dimensional 

manipulation, these functionalities remains very limited. 

 

A platform to overcome these limitations was developed within scope of this dissertation, 

allowing transfer knowledge and technology applied in videogames, to the visualisation and 

assembly of components in virtual environments. 

 

This platform allows the visualisation of complex geometries and simulates, with high precision, 

the physical behaviour of elements. Moreover it allows the management of several devices and 

different mechanisms for the verification of components integration. One of these mechanisms 

is the use of two virtual hands that employ more accessible and affordable remote controllers, 

like Wii Remotes. 

 

By proposing new tools, this dissertation improves user interactions in several engineering 

domains, such as Space engineering, where this platform can be applied to the assembling and 

integration of components in space vehicles. 
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1. Introduction  

The development of last generation video game consoles has been followed by the 

improvement of interaction methods in virtual worlds. Those methods allow capture user 



emotions trough webcams and identify commands though gestures. The main goal behind the 

development of those tools is to produce a more pleasurable and realistic experience to the 

user while he is playing. 

 

However, this experience is not properly achieved yet, nevertheless there are several studies 

being made about camera movements and virtual manipulation. 

Nowadays, research about interaction and integration are still very poor and insufficient which 

contributes to make this subject a current and unresolved problem in several engineering 

domains. 

This dissertation is raised in the context of finding a pertinent solution to these well-known 

problems. 

 

2. Objective 

The main purpose of this dissertation is develop innovating tools that will improve the 

performance on assembly of components. To achieve this end, it was applied knowledge and 

techniques derived from video games.  

Much of the problems mentioned above are also found in the design process of structures, 

equipment and vehicles, and for this reason, the work developed within this dissertation also 

aims to: 

 Accelerate and improve the design of equipment and its development process; 

 Enhance integration of design data, analysis and verification.  

After analyzing different methods used in others applications to control objects virtually, the 

developed prototype reveals that is feasible for tasks such as assembly of complex elements, 

use low cost and accessible remotes. 

 

3. Problem 

There are numerous studies about control scenarios in three-dimensional environments, 

however, navigation and interaction are still complex tasks for less experienced users.  

 

The main problems of usability and interaction found in diverse applications are the following: 

 Navigation - poor orientation and navigation on the virtual scene and the lack of precision 

in the control of virtual cameras are recurrent problems; 

 Handling -  moving geometries in 3D spaces when the devices are mapped only in two 

dimensions is difficult; 

 Identification – it exists a misidentification of the scene’s structure and in order to prevent 

this to occur, it’s crucial that the user is aware and understands the hierarchy of objects 

before handling them;  

 Learning  – less familiarized users usually reveal great reluctance and discouragement at 



the beginning of the use of 3D tools, because the functions are not clear or frequently exist 

more than one method to accomplish the same procedure; 

 Assistance – the assistance in the examination mode is deficient – all the information 

necessary to make the user capable to complete the tasks should be provided, 

nonetheless this is not always the case;  

 Complexity - too many occlusions, collisions, small parts that are possible to be hidden or 

trapped between plates leads to inevitably  mistakes; 

 

Many of these problems are present in the task of drawing equipment and vehicles, being this 

process compose by the following stages: 

 Design review – geometric shapes inspection and correlation between elements;  

 Construct scenes – creation of 3D scenes capable to reproduce the inspection and 

assembly environment;  

 Integration simulation - simulation of the procedures that incorporate the various 

elements, accurately, allowing the construction and validation of equipment. 

4. Proposed solution 

The proposed solution makes use of two Nintendo Wii Remotes [Lee, 2008] in order to handle 

two virtual hands and a 6-axis 3D Space Navigator mouse, to move the camera and the 

elements.  This dissertation promotes the construction of a generic control manager that makes 

possible the interaction within a virtual environment and incorporates a set of techniques to 

control elements with precision. 

The platform was developed in order to receive multiple controllers that may behave as a multi-

input tool. Additionally, scenarios and test environment were developed in such a way that put 

together the analyses of interaction, geometry and physics. 

This chapter describes the implementation design of the proposed solution – iMoted. 

 

4.1. Virtual Gestures 

The innovation of the proposed solution relays on the usage of two virtual hands, capable of 

grab, hold, move and orient objects in a scenario, reproducing real human hands. This system 

was based on techniques previously described by [Bowman, 2008; Sturman, 1989; 

Zimmerman; 1987]. 

To make the prototype more genuine, various postures were designed by calculating all 

possible angles for each node junction.  

Four postures are currently supported by the virtual hand; each one is represented by an 

encoded model that defines the appropriate angles for each joint. Each virtual node joins two 

bones. 

When the posture is selected, the angles are increased over time creating a smooth transition 

between postures and making the system more real. The postures implemented are presented 

in the table 1: 

 



 

 

 

Plain Aim Grab TwoFingers 

 
   

This posture 
represents the 
relaxed position. 
The system uses 
this posture for rest 
propose and don’t 
cause any action. 

In this posture, all 
fingers are down 
except  the index 
finger. 
This is used to point 
and select. When 
active, this posture 
starts the gesture 
recognition. 

This posture is used 
to grab objects and 
move the virtual  
camera. 

This posture starts 
the record sequence 
of the gesture. 

Table 1 - Virtual hand postures. 

The virtual hand manager allows to: 

 Move the hand in depth and perpendicular to the camera; 

 Select a posture; 

 Guide the hand. 

 

These actions are triggered by the signal interpretation that comes from Wii Remote: the infra-

red controls the relative position of the hand, while accelerometers sensors handle orientation 

and the postures according to the pressed buttons. 

Movement’s combination, orientation and posture of the hands allow the system to determine 

which actions should be started. These actions were based on [Sturman, 1989; Smith, 1987]. 

 

Camera translation 

Forward/Backward 

Camera rotation 

Left/Right 

Camera elevation 

Up/Down 

Zoom In/Out 

 
  

 

Table 2 - Camera movements using virtual hands. 

This dissertation also aims to evaluate the feasibility of a gesture recognizer motor, applied to 

virtual interaction tasks.  

The system allows an arbitrary set of gestures to evoke action when the gesture is recognized. 

The recognition engine uses movement directional vectors in order to time, and applies the 

Markov model for training and recognition. 

 



Unlike [Schlomo, 2008], which uses the Wii Remote accelerometers to determine the gestures, 

this prototype recognize the gestures derived by virtual hands position that moves according the 

infra-reds. 

The process was based in analysed solution in [Schlomer, 2008] that uses four main 

components to combine the recognition system: filter, quantifier, model and classifier. 

 

Picture 1 – Recognition system sequence flow. 

The quantifier determines the number of cores for the training gestures and for recognition. The 

directional vectors derive the cores (using the k-mean algorithm) with similar values for all 

gestures, the quantifier summarize all training gestures into a unique one. 

4.2. Virtual assembly 

 

In order to explore user interactivity, we tried find solutions for assembly tasks. The virtual 

assembly phase is one of the final processes of manufacture of industrial components. At this 

phase, problems such as malformed fittings and human accessibility are identified. In order to  

overcome these problems it was considered the use of movement restrictions, different types of 

joints, physic behaviour and mannequins for accessibility assessment. 

 

The free handling of geometric objects is crucial in virtual assembly tasks. To allow a better 

control over actions and improve tasks accuracy, there were implemented some techniques to 

assist the user. 

 

Virtual assembly consists to connect two nodes with physical properties. Our approach make 

use of interfaces on these nodes. The interfaces are interactive points with the intention to 

connect nodes, their positions are calculated based on X3D instance parameterization. Each 

joint rises a pair of interfaces with the same colour and is positioned in corresponding object. In 

joint elements without rotational axes angles, its interfaces positions are calculated using the 

centre of mass of the first object and also by the anchor position. In another instance, joint 

elements with rotational axes, the interfaces are calculated taking into account the size of the 

first element and the direction of the axis. 

 

 

Picture 2 - Interface process for joint elements. 



The joint detection uses the interface calculation to geometries. The interfaces are highlighted 

when a correct pair is detected nearby. The highlight method increase interface volume, but 

colour changing is also supported. 

 

 

 

Figure below show two phases: in first phase the interface is detected with the matching pair, 

and the second phase the objects are put together according to the rules. 

 

Picture 3 - Joint detection. 

In this dissertation, we consider the transformation system while using the 3-axes, although 

essential, this mechanism makes impossible to obtain a real behavior of objects. In order to 

overcome this limitation, we used a system that allows the movement and rotation of elements 

taking into account the point of selection in the virtual object. 

 

Picture 4 - Free manipulation. 

Depending on the position of the pointer in selection, angular constrains can be activated or not. 

To make easy the choice between these two options, without using menus, it was implemented 

a decision algorithm that considers the produced volume estimated by calculated radius since 

the centre of the object to the selected point. If the volume is 40% smaller than the total volume 

of the object, the object is moved without degrees of freedom in rotational axis. 

4.3. Prototype 

 

The prototype was implemented in Java and was used OGSi technology to manage plug-ins 

infra-structure that is supported by Eclipse IDE v3.5. The graphical engine used is the 

jMonkeyEngine
1
 and the input data for the prototype specify the standard X3D v3.2. The device 

manager supports several controllers such as 3D Space Navigator and Wii Remote. The 

following libraries were used to connect remote devices: WiiRemoteJ
2
, WiiuseJ

3
and BlueCove

4
. 

                                                           
1
 jMonkeyEngine website - http://www.jmonkeyengine.com/ 

2
 WiiremoteJ website - http://www.wiili.org/WiiremoteJ 

3
 Wiiusej website - http://code.google.com/p/wiiusej/ 

4
 Bluecove implementations website -  http://www.bluecove.org/ 



5. Evaluation 

For the evaluation of the proposed solution, were created several test environments with 

different data and purposes. Each test environments consist in the virtual scene definition and a 

set of tasks to be performed by the participants. Altogether, 10 participants were tested the 

prototype iMoted, each one perform the tests them several times. Participants are aged 

between 22 and 36 years old and most of them were licensed in computer engineering, but 

three of them were considered naïve because they don’t have experience in 3D interfaces. 

The following sections are alienated by tests, describing the tasks performed and the results 

obtained for each experiment. 

5.1. Virtual gestures 

In gesture recognition, the validation scenario prepared 4 different gestures to be made by the 

virtual hand that should be controlled using a Wii Remote. Before each gesture being tested, it 

was necessary to fulfil the data model with the training gestures. To this end, each user 

performed 15 times each gesture (where 14 were for learning). The gestures were previously 

agreed as the following table: 

Pulling Spiral Triangle Square 

    

Table 3 – Performed gestures. 

The engine returned an answer in most cases, when the gesture was correctly recognized, the 

approval rate ranged between 80 and 100%. When it was  identified an incorrect gesture it was 

attributed the value 0. The average results for the 4 gestures are presented in the following 

chart:  

 

Picture 5 – Recognition rate for virtual gestures. 

 

5.2. Interaction 

This section presents the results for implemented manipulation and navigation methods. With 

the intention to assess the usability and the applicability of the manipulations methods was build 



a scenario where the participants should assembly a 3D puzzle. In these tests, we counted the 

needed time to complete the task for each participant. The maximum time for completion was 

three minutes. This scenario was tested in two conditions: first in an environment with the 

gravitational force (red bar) and second (blue bar) without gravitational force and automatic 

reposition option. The results are shown in Picture 6; 

 

Picture 6 - Average time (min.) for the manipulation 
methods- with gravity force (red bar) and without 
gravity force (blue bar). 

 

Picture 7 - Average time (min.) for each navigation 
method. 

 

Another scenario was constructed in order to evaluate the usability of navigation methods. In 

this test scenario the users were proposed to move the virtual camera, without going through 

the geometries, to a predefined position inside of a structure. The collected data in these 

analysis was the consuming time until completion of the task. The results are show in Picture 7. 

5.3. Evaluation by participants 

After completions of all tasks, participants were asked to assess quantitatively the used 
methods (with grades ranged between 1-5, with 5 being the highest score): 

 

 

Picture 8 - Interactions methods evaluation. 

6. Conclusion 

During the development of this dissertation, interaction techniques applied to 3D interfaces were 

analyzed and the objectives, benefits and problems of implementation were described.  

Within the context of this dissertation, it was concluded that currently limitations in the 

contemporaneous interfaces, like visualization and components integration in virtual 



environment, can be overcome by transport  knowledge and technology from video games and 

other engineering sectors. The main conclusions are listed below: 

6.1. Conclusions about interactions 

In this dissertation, it was observed that different techniques, such as manipulation and 

navigation, are suitable for different integration and analyzes scenarios.  

It was also recognized that the usage of immersive devices, such as Wii Remote, can be 

applied in assembly tasks systems to increase users freedom degrees and consequently 

improve the usability in complex tasks. The conclusions for each approach are the following: 

Gestures 

This dissertation evaluated the feasibility of a gesture recognizer during virtual objects 

interactions upon the use of virtual hands.  

During the tests, inconstant movements in the virtual hand were detected. Those imprecise 

movements was duo the fact that the virtual hands was manipulated through the inaccurate Wii 

Remotes infra-reds, which increase the failure rate in the recognizer system. 

 

Nevertheless, the evaluation of the gesture recognizer in the iMoted prototype was particularly 

successful, as corroborated by the results shown in the Picture 5. This holds promise in the use 

of a movement recognizer in order to increase the performance of common actions like 

selections and translations. 

 

Virtual Hands  

The main tools of this dissertation were the virtual hands. The hands support the postures Plain, 

Aim, Grab, TwoFingers and allowed free movement in 3D space. Besides allowing 

manipulation, the virtual hands also provide a navigation mechanism based on human 

behaviour by promoting the virtual displacement of the user through common movements such 

as: drag, zoom, rotate or up.  

 

Through the virtual hands, the participants interacted with virtual objects, by moving and 

orienting them like they do with their own hands. As a work tool, the virtual hands are extremely 

useful; however, as a counterpoint, users need to replicate truthfully all movements, otherwise 

the consequences could be disastrous.  

In the prototype, the signals of the accelerometers of the Wii Remote were used to guide the 

hands and the infra-reds to move hands throughout the space. 

 

This combination has proved to be problematic for 3D positioning. During usability tests, an 

inability to rotate freely was detected, when the translation movements were performed. This 

made the hands move to undesirable positions.  

 

Another inevitable problem was the physical fatigue suffered by the participants. The system 

indirectly forces the user to keep the arms in the air for a long period of time, in order to 

complete the tasks. 



 

In the manipulation tests (Picture 6) participants needed more time to finish their tasks, duo to a 

slow adaption to the 3D tool (hands) with the intent of control another element (the target). 

Despite the sense of immersiveness provided by the virtual hands, they hampered the 

participant’s task by hiding objects or accidentally knocking down the structures. Still, these 

difficulties can be easily overcome by using a more accurate physical device or by employing 

other mechanisms like transparency and anti-collisions. 

Despite the difficulties in manipulation and navigation (Picture 6 and Picture 7), the virtual hands 

pleased most users (Picture 8) since they allow natural gestures, similar to reality. 

 

Other techniques 

Mechanisms that allow manipulation and navigation are essential to the assembling of 

equipment and structures.  

According to the results showed in the Picture 6 and Picture 7, the virtual hands, when 

compared with other implemented methods, didn’t improve neither the assembly process nor 

the analyzes design. However when applied the automatic repositioning technique (Picture 6) 

the time values decrease. In addition, this technique provides to the user, a better sense of 

immersiveness and enhances the degrees of freedom.  

The approaches that achieved better results employ traditional mechanisms for movement and 

are based in joysticks and the combination between the keyboard and the mouse.  

These results are due to the large number of solutions that already implemented these types of 

controllers (keyboard and mouse), reflecting a greater maturity. 
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