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Abstract 

Augmented Reality (AR) is one of the latest innovations in electronics industry. It 

superimposes graphics and other sense enhancements from computer screens 

to real time environments. It goes far beyond the static graphics technology of 

the television where the imposed graphics do not change with the perspective. 

On the other hand, Augmented Reality systems superimpose graphics for every 

perspective that are being adjusted to the user’s head movements.  

 

Built on the latest hardware coupled with cutting edge developments in AR 

technologies, our 

application will develop an Augmented Reality system that would enable 

architects and engineers to visualize their designs on reality. The user would be 

able to model the designs using an advanced input device and eventually see 

those designs on reality using the electronic goggles. The modeling will be based 

on transforming basic shapes (cubes, spheres, cones, etc.) using meshes and 

curves. 

 

Ultimately, we would introduce an interactive way of designing and modeling.  
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Problem Definition 

A. General Design Process 

The typical design process passes through two main processes which are the virtual 

representation and prototyping. The first process, the virtual representation, is done using a 

wide variety of software that enables users to do their modeling on a computer. For example, 

AutoCAD enables users to design their models in a 2D drawing format. During this process 

designers can easily modify their designs several times without causing any loss. Throughout 

the second process, prototyping, 3D maquettes are created which cannot be slightly modified 

after they have been realized. In case the designer wants to make any change to the model for 

any reason, he will have to go through the whole process from the beginning which is not 

efficient. 

Not only difficulties in changing the models take place, but also going through a very time-

consuming process does matter to the designers. For example, other software rather than 

AutoCAD enables users to design their models in a 3D format like 3D Studio MAX. AutoCAD 

users can export their drawings from AutoCAD to 3D Studio MAX, and then do a lot of 

modifications to convert it into a 3D model. However, this is very time consuming and hard to 

achieve. 
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B. Typical Input/output Devices 

In 3DS Max, it is hard to do 3D modeling using exact dimensions like in AutoCAD. Indeed, seeing 

a 3D model on a screen has always been a 2D simulation of 3D. Consequently, we can conclude 

that the typical input devices are not intuitive enough for designers. As a result, being able to 

interact with the models in real-time would make the designing issue more interactive and 

insightful. 
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Thesis Statement 

After carefully studying the limitations of the typical input devices in design 3D objects and 

being equipped with the Augmented Reality technologies that has a very high potential in 

graphics designing and modeling, we aim to: 

“Develop an AR modeling tool that enables designers to easily create and manipulate 

complexly-shaped models using mashes and curves while being able to simultaneously visualize 

the designed and manipulated models in real-time that are being augmented in the real 

environment.” 
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Proposed Ideas 

There are some objectives that we are planning to achieve throughout our research process. By 

the end of our project we should be able to: 

 Read hand motion input from an advanced user interface device. 

 Allow the user to create and manipulate basic and complex models using the input 

device. 

 Allow the user to see the created models augmented on the reality using goggles. 

 Allow the user to deform and edit the shapes and such modeling will be based on 

transforming basic shapes (spheres, cubes, etc...) using meshes and curves through the 

input device. 

 The user would be able to see the effects of such transformations on real-time. 

 

 

  
 
 
 
 
   
 

   Figure 1: Overall Process of ARTIST System 
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System Overview 

As shown in Figure 3, our system involves the following components together:  

 Gestures Recognition: Read input from advanced data-gloves.  

 Head-Mounted Display with Front Facing Camera: Captures live video and feeds it to 

the graphics engine. 

 Graphics Rendering Engine: Supplements the captured video of the real scene with the 

3D objects created by the user and sends the newly created video (the augmented one) 

back to the Head-Mounted Display to be seen through the electronic goggles using the 

Augmented Reality Technology. 

 Augmented Reality: Displays the supplemented video on real time and maps its 

coordinates to the coordinates of the real environment so that the user would be able 

to see the augmented objects in the right place  

 

 

 

 

     

    

   

 Figure 2: Components of the AR System 
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System Architecture 

A proposed architecture for the system along with a description of the different components 

which are part of it will be presented in the following section. 

 
    Figure 3: ARTIST System Architecture 

ARTIST System 

ARTIST System consists mainly of two subsystems, the Design and the Augmented Reality 

subsystems. These two subsystems permit and ensure the proper functioning and execution of 

the overall system.  

Design Subsystem 

 Design Subsystem is the one responsible for creating and manipulating models on the 

workspace as well as managing the workspace itself, so it needs disk storage. Through its 
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different components, the Design Subsystem ensures that the user is able to design models and 

manipulate them by means of the actions mentioned in the User Requirements section. It 

consists of 3 components: Workspace Management Component, Data Gloves Input Handling 

Component and Object Manipulation Component. 

Workspace Management Component 

This Workspace Management Component controls the workings of the different 

processes and actions related to the ARTIST system workspace, whether those actions 

are triggered by the user through interaction with the Graphical User Interface or those 

actions which happen under the hood like auto-saving the workspace to disk storage. 

Thus, it is a serializable component and would be serialized along with all of its contents 

into a file to save the workspace, and does the opposite when loading from a file. 

Object Manipulation Component 

The Object Manipulation component is responsible for handling the characteristics of 

the objects including the shape, location, color, size, orientation, etc. In addition, it 

includes different functionalities that are related to applying basic transformations, like 

scale, translate, and rotate, and the transformations applied using meshes and curves.  

Data Gloves Input Handling Component 

This component monitors the data gloves’ input, captures the gestures of the user, and 

then converts them into meaningful commands which are applied on the specific object 

being handled by the user, in real time. For example, if the user holds an augmented 

object by his/her hands and moves it to another location, the input driven from the 
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user’s gestures would be translated into a useful command that would require the Data 

Gloves Input Handling Component to call the Object Manipulation component in order 

to move the corresponding object to the new location based on the data gloves input. 

Augmented Reality Subsystem 

This subsystem is responsible for showing the augmented scene to the user wearing the Head 

Mounted Display. Such scene in rendered differently based on the position and the point of 

view of the user. This subsystem is connected to the Design Subsystem as well because it needs 

to obtain the characteristics of the models to be augmented. The functionality of the 

Augmented Reality Subsystem is carried out by the following components: 

Goggles Orientation Input Component 

The goggles in ARTIST system (Vuzix iWear VR920)  are equipped with a 3-DOF 

(directions of freedom) sensor (Pitch, Yaw and Roll) which would allow the user to know 

the orientation of the goggles whether they are directed down, up, left, right, or even if 

they are tilted sideward. This would be fed as an input to the Physics Engine to define 

the direction of gravity, to be applied on objects on the scene.  

Physics Engine Component (Newton Physics Engine) 

This component is the one responsible for the physics in the scene. In ARTIST system, 

we are using Newton Physics Engine as it has all the functionalities needed.  It receives 

the direction of gravity from the Goggles Orientation Component, then applies the 

gravity based on the given direction to the objects on the scene. Objects should fall in 

the direction of gravity unless they are set not to be affected by gravity (like the floor for 
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example). In case of a collision between objects, the Physics Engine detects the collision 

and causes objects to bounce at realistic velocities (speed and direction) based on their 

momentum.  

Video Feed Component  

This component represents the continuously captured video feed from the head 

mounted camera (iWear Camera) attached to the HMD (Vuzix i-Wear VR920). The 

captured video scene is a digital image of the scene that the user is currently looking at 

as if he/she is not wearing the goggles; since the camera would be positioned on the 

user’s head mounted display with the lens facing the front. Such video feed would be 

supplemented with the objects using the Graphics Rendering Component and then the 

augmented scene would be displayed to the user using the HMD. 

Marker Tracking (ALVAR) Component 

The Marker Tracking Component is responsible for tracking the different markers found 

in the video feed and coming up with a transformation matrix for each marker 

representing its scale, position, and rotation. The marker tracking component has the 

ability to track the pattern of the marker in any image or video feed. In ARTIST system 

we are using ALVAR as the Marker Tracking Component since it has a wide set of 

methods which facilitate the process of marker tracking. 

3D Graphics Rendering Component 

This component is responsible for rendering the generated graphics of the augmented 

models on the top of the video feed captured by the Video Feed Component, and thus 
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gives the user the perception that those 3D graphics are part of the real world. This 

component will receive the objects and their properties (location, orientation, etc.) from 

the Design Subsystem, create, and paste them on the captured video feed then pass this 

to the GUI Component for further processing. 

GUI Component 

This component augments further GUI controls to the augmented scene generated by 

the 3D Graphics Rendering Component. The GUI controls allow the user to perform 

tasks such as creating a new workspace, saving/loading a workspace, or go into different 

modes such as Spectator Mode or Editor Mode. In Editor Mode, the user can access 

toolbox controls which allow adding new models or editing existing models. The user’s 

interactions with controls generated by such GUI component are recognized by Data 

Gloves Input Handling Component. The further augmented scene generated by this 

component is sent to the HMD to be finally perceived by the user. 

Communication 

System Level 

At the very top view, Design Subsystem and Augmented Reality Subsystem interact together to 

deliver the full user experience expected from the ARTIST system. Both subsystems share the 

data needed to render the augmented view of the designed objects depending on the 

properties of the drawn and imported models. For example, the Design Subsystem creates a 

workspace, and populates it with models. However, in order for the Design Subsystem to locate 

the user’s hand within the scene, it needs to keep track the currently viewed scene by the user. 
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Moreover, in order for the AR Subsystem to display the augmented models, it needs to access 

the workspace and its objects accordingly. 

Subsystem Level  

Design Subsystem 

The Workspace management component needs to have access to the disk storage in order to 

be able to save and load workspace files. Such component holds the modeled objects which 

need to be accessed by other components. For example, the Object Manipulation Component 

adds/modifies objects in the workspace and does the modifications required through the Data 

Gloves Input Component. The Data Gloves Input Component receives its input from the Data 

Gloves Hardware, and retrieves the last scene from the AR Subsystem. Based on those two 

inputs, the Data Gloves Input Component decides what actions to be done accordingly. In other 

words, the Data Gloves Input Component can perform tasks in Object Manipulation Component 

and Workspace Management Component as it has access to both of them. 

Augmented Reality Subsystem 

The Video Feed component receives a video feed from the iWear Camera Hardware, forwards 

the feed to the Marker Tracking component, which detects the makers and their orientation, 

then sends the transformation matrix to the 3D Graphics Rendering Component, which in turn 

reads the video feed, and retrieves the objects in the workspace from the Design Subsystem. 

Meanwhile, the Goggles Orientation Input Component receives the Goggles orientation matrix, 

and sends it to the Physics Engine Component to define the direction of gravity. The Physics 

Engine in turn, determines what modifications should be done to the 3D models location and 
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orientation, and applies such modifications. With the final 3D object properties, the 3D 

Graphics Rendering Component renders the models, and then augments them to the Video 

Feed received before. In addition, the GUI Component receives the augmented scene, adds the 

GUI controls onto it, and finally sends this frame to the iWear HMD Hardware for the user to 

perceive. 
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Challenges 

 Importing models issue. 

 We had hard time trying to build the model on the fly instead of having to build it every 

time we run the project. Also, the import function was not working on all machines and 

we spent a lot of time to figure out the problem. 

 Building curved surfaces. 

 There are no surfaces embedded in the API, so we had to finally do it by extruding the 

curve which was made of boxes in the z direction to give the surface effect. 

 Creating custom shapes. 

 Due to limitations with the API, we did not manage to create custom shapes except for 

only 3 and 4 control points.  
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Achievements 

ARTIST system is capable of doing the following functionalities. 

Basic 3D Models and Basic Transformation 

The software inserts basic 3D models like cubes, spheres, and cylinders; and the user can 

then apply basic transformations on these models like translation, rotation, and scaling. 

Furthermore, the system gives the user the ability to choose the axis on which the 

rotation would take place, in order to ensure better control over the objects in the 

workspace. Thus, using the basic 3D models the user can just make some simple 

structural designs for example. 

 

Duplication/Delete 

The user is given the option to duplicate and delete any models in the workspace. Thus, the 

user can easily create models with exactly the same dimensions as previously inserted and 

manipulated ones. 

 

Custom Shapes (Fill and Extrude) and Edit Mesh 

Using the custom shapes the user can do different scenarios. For example, if the user defines 

control points, he/she can choose to fill the shape in order to form a 2D shape that will be 

extruded in order to form a 3D model.  

In addition, the user has the option of editing mesh. For example, if he/she picked any vertex 
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on a model, sphere for example, its position can be edited by the user. However, it is not 

accurate enough as previously explained in the limitations section. 

 

Load/Save Artspace 

The user can open/load a previously saved Artspace/workspace. In addition, he/she can save 

the work in *.arts format that can be retrieved later. 

 

File Association 

Any file of *.arts format will automatically open ARTIST and get loaded in the workspace if it’s 

in the correct format and has an icon that shows the user that it will be opened by ARTIST. 

 

Auto Saving and Retrieval 

ARTIST system recovers from any unexpected shutdown by providing the user with the auto 

save feature in order to save the work being manipulated on the workspace every 5 seconds, 

and offer the user to load it the next time the system runs.  

 

Surfaces and Paths 

By defining control points, the user can choose to draw open/close curved paths. In addition, 

he/she can define control points in order to draw a curved surface. 
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Rename Object 

ARTIST allows the user to give meaningful names to the objects and paths. 

Animation 

ARTIST system gives the user the feature of animating models on paths to illustrate real 

animations. 

 

Physics Engine 

ARTIST has integrated Newton Physics Engine in order to introduce some basic physical 

phenomenon like gravity and collision.  

 

Importing 3D Models 

The system also allows the user to import 3D models in *.fbx format, so that the user can 

import some fancy model and do some useful work, interior design for example, by imagining 

those models as part of the reality.  

 

Augmentation 

ARTIST interface and the workspace are being augmented on the top of the reality, and the 

user can experience that while wearing the head mounted display which captures the video 

feed from the environment and augments it with the graphical enhancements. Thus, the 

system has a virtual keyboard that would allow the user to do without the machine’s keyboard 

in order to totally interact with the reality.  
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GUI with Original Icons 

ARTIST provides the user with GUI icons that can be augmented on the top of the reality in 

order to easily manipulate the objects in the workspace. 

  



ARTIST Final Report  Page | 24  

Limitations 

 Issue concerning custom shape design. 

 Due to limitations with the API, we did not manage to create custom shapes except for 

only 3 and 4 control points. 

 Issue concerning data gloves. 

 The data gloves did not arrive except 3 weeks before the demo, thus we did not manage 

to get acquainted with the API while we had to finalize and test our project. Also, the 

data gloves give raw data which has to be processed and manipulated to give us the 

data input in x, y and z directions. However, we overcame this by creating a virtual 

mouse in which the scroll represents the z direction. 

 Inaccuracy in editing the shapes’ mesh. 

 The absence of the gloves resulted in the inaccuracy of the positions of the vertices. 
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Future Enhancements 

1- Integrate the data gloves interface: 

Due to the circumstances that we had in our project concerning the time in which the 

date gloves arrived, we would integrate the data gloves in the new version of ARTIST, 

and make the system compatible with the mouse and the data gloves. 

2- Integrate a more advance physics Engine: 

Due to the fact that our aim of the project is to help those who do intensive modeling 

especially the constructions engineers, we would envision ARTIST to have a more 

advanced physics engine, which serves in doing some complex simulations to the 

models existing in the workspace. 

3- More complex graphics: 

We would like to take ARTIST one more step forward and provide some real time rendering 

of some complex graphics. For example, we can generate some real time rendering for 

some graphics generated by some complex algorithms like ray-tracing. As a result, ARTIST 

can, for example, generate models and scenes that involve liquids and light reflections and 

refractions. 
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