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I. 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. 

  

 



ARTIST SDS Document  Page | 9  

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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II. 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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III. 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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IV. 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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V. System Requirements 

The ARTIST system is a complex one which involves many functionalities and interactions between 

its components and the user. The following section states and describes the different functional and 

non-functional requirements of the ARTIST system. 

A. Functional Requirements 

 Functional Requirements defines the functionalities which the ARTISIT system has to be 

explicitly able to perform when needed or requested by the user. 

1- Augmentation 

The augmentation will pass through different processes 

a- Read input from the Head Mounted Display camera 

  The ARTIST system should allow the user to capture the real scene using the  

  front camera in the Head Mounted Display (HMD). Then this captured scene  

  should be sent to the graphics engine in order to be rendered and supplemented 

  with the augmented objects. 

b-  Augment the GUI on the captured video 

Instead of interacting with the augmented objects through the electronic goggles 

 and having another interface on the machine to deal with the ARTIST 

 system, the ARTITST system should allow the user to interact with the user 

 interface (ARTIST tool bar) as an augmented object that is supplemented on the 

 real scene. The graphics engine would render the captured scene and pastes the 

interface on its borders leaving the middle space as the workspace in which the 
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objects will be designed and manipulated. By using the data gloves, the system 

would be able to determine the icon on which the user presses and take and the 

proper action accordingly.  

c- Display the augmented video on the electronic goggles 

The newly augmented video scene with the supplemented user interface toolbar 

and the workspace, containing the manipulated objects, will be sent to the 

electronic goggles so that the user would be able to see these objects 

augmented in the real world.  This cab illustrated in Figure 3. 

 

    Figure 3: ARTIST user interface augmentation 

As shown in the picture, the user is able to see both the ARTITST tool bar and the 

workspace through the goggles. Whenever the user moves his/her head in any 
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direction, the new video scene will be captured and displayed in the middle with 

the toolbar fixed on the borders. 

2- Design and Interaction 

a- Read input from the data gloves 

  The ARTITST system should allow the user to use the data gloves as an input  

  device to the system. Accordingly, the user should be able to use the gloves to  

  manipulate the objects which would ensure a high level of interactivity as  

  illustrated in figure 4. 

 

     Figure 4: ARTIST input data gloves 
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b- Insert shapes 

a. Basic 3D shapes 

The ARTIST system should allow the user to choose among basic 3D shapes 

to be inserted in the workspace like cube, cylinder, sphere, etc. 

b. Import already existing 3D models 

The ARTIST system should allow the user to import an already existing 3D 

model. These 3D models can be designed by any 3D graphics design tool and 

then saved in a file format compatible with ARTIST system. Once the user 

imports the file and augments the drawing on the real scene, such model 

would be similar to a physical maquette or prototype of the model which the 

user can interact with. Figure 5 represents a mockup for an augmented view 

of a 3-D model imported by the user. The user imports the 3-D model of a house 

created on any graphic design application and is then able to look at it as an 

augmented object when wearing the Head Mounted Display. 

  

    Figure 5: Mockup for an Augmented View of an Imported 3-D Model 
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c. Draw using control point 

The ARTIST system should allow the user to draw a 2-D shape using control 

points. The user would chose such option from the toolbar and start locating 

the control points using his/her figures; and the input will be captured from 

the data gloves which is used as a primary mean of input from the user. 

When the user reaches the first control point, the shape will be filled and 

then extruded into a 3D shape. The user would have the option either to 

draw curves or straight lines. Figure 7 shows a 3D model that was drawn 

using 4 control points representing the base, and then the model was 

extruded into a 3D model. 

 

    Figure 6: Using control points to draw 2D shapes 

c- Apply meshes 

  The ARTIST system should allow the user to apply meshes on the 3D   

 models in the workspace by choosing this feature from the augmented toolbar.   
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 Using the meshes and curves would allow the user to manipulate the models   

 and create complexly based shapes from the basic  ones. By using the input data  

 gloves, the user can hold such control points that would be applied on the model  

 and accordingly can apply different transformations on the shapes. This would allow 

 the user to easily manipulate and interact with the designed models. Figure 8 

 illustrates how meshes can be applied on a model to manipulate it. 

 

    Figure 7: Applying meshes and curves 
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B. Non-Functional Requirements 

 The non-functional requirements are those requirements whichh appear as emerging 

proprties for the system when seen as a whole single unit. While designing ARTIST system, we 

have to make sure that the system can satisfy the following requirements: 

1- Interactivity/performance 

 The ARTIST system is complex and involves multiple functionalities. A lot of the needed 

 functionalities use the Central Processing Unit (CPU) and the Graphics Processing Unit (GPU) 

 extensively, in addition the system needs to be interactive with the user and to support  

 such user interactions in a close to real-time speed because the applied transformations and 

 modifications to the models need to be done instantly. Therefore the necessity of having a 

 fast system, performing good enough in its execution is a necessity. 

2- Usability 

The ARTIST system should be user friendly and intuitive and simple enough for the users 

while designing and manipulating the designed objects. We should be able to also allow 

the interface to be augmented in front of the user in order to allow the user to easily 

and smoothly interact with the system. Allowing the user to reach a needed functionality 

in a fast and easy way is a key factor in enhancing the user experience. Therefore using 

enhanced Graphical User Interface controls that would be augmented in front of the user in 

the scene viewed by the goggles would permit to offer the user a neat user interface. 
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3- Reliability: 

The ARTIST system is expected to be used by professionals in different fields of designs; in 

addition those individuals are subject to manipulate important data. Therefore the ARTIST 

system should ensure the correctness of the manipulated data. Moreover, the system 

should be reliable in such a way that can guarantee that the user will not lose any data 

in case the power went out. The system should be able to recover the data that the user 

failed to save in case any unexpected shutdown happened to the system. The system 

shouldn’t crash, and should be able to handle tough rendering conditions properly. 
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VI. User Requirements 

 The user requirements represent the different actions encountered by the user as part 

 of the interaction with the ARTIST system. In addition, they represent the different 

 relations between the different actions. 

A. The Initialization Process 

The user will start the ARTIST system by initializing a workspace which is the main 

medium for the user to interact with the system. It is formed of the Graphical User 

Interface with a space available for designing and interacting with the models. The 

initialization process basically involves the following:  

i. Initialize workspace:  

Initialization of the workspace can be done in two ways:  

 Load Workspace:  The user is given the facility of loading an already 

existing and previously saved work; this workspace can be manipulated 

by the same or different user on the same or different machine.  

 Create Workspace: This will create a new empty workspace for the user.  

 

The figure below shows the different actions which can be initially performed when 

the user starts the ARTIST system 

 

Figure 8: The Initialization Process Usecase 
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B. Design Process 

 After initializing the workspace the user can start designing by the following means:  

a. Add model: 

The user can add a new model by four possible actions 

1. Insert basic 3D shapes:  this allows the user to choose among basic 3D 

shapes to be inserted in the workspace like cube, cylinder, sphere, etc. 

 

2. Draw control points: this allows the user to draw a 2-D shape using 

control points. The user would choose such option from the toolbar and 

start locating the control points using his/her fingers with the gloves on; 

and the input will be captured from the data gloves which are used as a 

primary means of input from the user. When the user reaches the first 

control point, the shape will be filled and then extruded into a 3D shape. 

Using the control points the user should be able to: 

 

 Draw Curves: to allow the user to draw 2D and 3D curves. First 

the user defines the control points then extrudes which involves 

connecting the points to form a curve. 

 Draw Straight lines: to allow the user to draw 2D shapes. The user 

puts the control points then extrudes by connecting all the points, 

and then fills the shape to be 3D. 

 

 

3. Import 3D models: This allows the user to import an already existing 3D 

model. These 3D models can be designed by any 3D graphics design tool 

and then saved in a file format compatible with ARTIST system. Once the 

user imports the file and augments the drawing on the real scene, such 
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model would be similar to a physical maquette or prototype of the model 

which the user can interact with. The user is then able to look at it as an 

augmented object when wearing the Head Mounted Display. 

 

4. Import 2D shapes: the user is also allowed to import 2D drawings 

which will also be extruded into 3D models. 

 

b. Extrude: After the 2D models are created they are extruded, which involves 

stretching the 2D shapes in specific direction, into 3D models by the ARTIST 

system to be visible in the augmented view. There are two forms of extrudes one 

for the curves and one for the 3D shapes. 

 

The figure below shows how the user can use such design facilities in the system and 

how these are related to each other. 

 

 

Figure 9: Design Process Usecase  
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C. The Model Manipulation process 

a. Apply transformations using meshes: 

 The ARTIST system allows the user to apply meshes on the 3D models in the 

workspace by choosing this feature from the augmented toolbar. Using the 

meshes would allow the user to manipulate the models and create complex 

shapes from the basic ones. By using the input data gloves, the user can hold 

such control points that would be applied on the model, and accordingly can 

apply different transformations on the shapes. This would allow the user to 

easily manipulate and interact with the designed models.  

 

b. Apply basic transformations 

1. Scale: the user will be able to set the scale of the model during 

augmentation. 

2. Translate: the user will be able to change the position of the model 

during augmentation. 

3. Rotate:  the user will be able to rotate the model around a specific axis 

in the augmented view. 

c. Set color:  the user will be able to set the color of the models in the augmented 

view. 

d. Save workspace: The user can save his work for future editing, viewing, or even 

sharing. 
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The figure below shows how the user can manipulate the models using basic and complex 

transformations on the ARTIST system and save the workspace for future usage. 

 

 
   Figure 10: Model Manipulation Usecase 
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VII. 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 11: 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.  
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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 

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.  
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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 

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.  



ARTIST SDS Document  Page | 29  

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 

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 
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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 

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. 
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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. 

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. 
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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 

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. 

 

 

 

 



ARTIST SDS Document  Page | 33  

 

VIII. System Behavior  

A. Sequence Diagrams 

 Initialization 

First the user runs the ARTIST program, so the 3D rendering component requests a 

new workspace from the workspace manager and marker initialization from the 

marker tracking component. Then, the marker tracking component requests video 

feed and thus initialize the program. Also, the 3D rendering component requests GUI 

initialization from the GUI component. 
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Figure 12: Initialization Sequence Diagram 
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 Create new workspace 

The user clicks new on the GUI to open a new work space which then sends to the 

workspace manager and the 3D rendering components to clear models on marker. 

 

   Figure 13: Create New Workspace Sequence Diagram 
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 Load Workspace: 

The user clicks load on the GUI which asks the user to choose the file name. Then the 

GUI requests from the workspace manager to open the .ART file (load workspace). 

Then the file is retrieved from the disk storage and the GUI requests the 3D rendering 

component to clear the already existing models on the marker and load current 

models from workspace to screen. 

 

    Figure 14: Load Workspace Sequence Diagram 
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 Save Workspace:  

The user clicks save on the GUI which requests save workspace from the workspace 

manager component. Then the objects on the marker are saved to the disk storage. 

 

    Figure 15: Save Workspace Sequence Diagram 
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 Add 3D models: 

The user requests from the GUI to add a 3D model which then requests from object 

manipulation to create model.  Then object manipulation requests from workspace 

management to load model, and from physics engine to apply physics on the model. Then 

the GUI requests from the 3D rendering to load the new object then add them to marker via 

marker tracking.  Finally, it returns the object to the GUI to be seen by the user. 

 

    Figure 16: Add 3D Models Sequence Diagram 
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 Import 3D models: 

The user requests from the GUI to import a 3D model which then asks the user to choose a 

file. Then, the GUI requests from object manipulation to create model. Afterwards, object 

manipulation requests from workspace management to import model which then loads the 

model from the disk storage. Afterwards, the object manipulation requests from the physics 

engine to apply physics on the model. Then, the GUI requests from the 3D rendering to load 

the new object then add them to marker via marker tracking.  Finally, it returns the object 

to the GUI to be seen by the user. 

 

   Figure 17: Importing 3D Models Sequence Diagram 
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 Apply Transformation: 

The user wants to apply transformations using the data gloves input which sends the object 

manipulation a request to apply transformations. Then, the object manipulation requests 

from the workspace management to load the model and apply transformation on it and 

return it to the workspace management component. Afterwards, the transformed models 

are returned to the GUI then, the data gloves input requests refreshing the object from the 

3D rendering. Then, the 3D rendering gets the object from the workspace and returns it to 

the GUI then to the data gloves input and then to the user. 

 

   Figure 18: Applying Transformations Sequence Diagram 
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 Add Custom Shape: 

In the diagram below, the diagram can add control points using the data gloves. The user 

can add different control points; the GUI sends a request to the object manipulation and 

then to the workspace management components to add the control points. Afterwards, the 

control point is loaded in the 3D rendering component, and then it is visible to the user. 

 

    Figure 19: Adding Custom Shapes Sequence Diagram  
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 Fill Custom Shape: 

In the diagram below, the user is able to fill the shape by connecting the control points 

using straight lines, and then it is extruded into 3D. The user clicks on the fill  button which 

sends to the object manipulation and then to the workspace management    components 

to fill the shape. Afterwards, the custom shape is being loaded in the 3D rendering 

component. Next, the user can extrude the shape using the data gloves which sends to the 

object manipulation and then the workspace management to extrude. Then, the extruded 

shape is being loaded by the 3D rendering components and is  visible to the user. 
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    Figure 20: Filling Custom Shapes Sequence Diagram 
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 Add Curves: 

This is the other scenario in which the user connects the control points using curved 

lines. The data gloves send to the object manipulation and then to the workspace 

manager to add the curve. Afterwards, the data gloves send to the 3D rendering to load 

this new object and then it is added to the marker. 

 

    Figure 21: Adding Curves Sequence Diagram 
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 Edit Mesh: 

The user enables showing mesh on the object, so the GUI sends to the workspace 

manager to show mesh on the object. Then, the user modifies the control points using 

the data gloves. Then, the data gloves requests from the object manipulation to apply 

the modifications, and then the objects are updated in the workspace management. 

Finally, the user can disable this option by clicking on hide control points which requests 

from the workspace management component to hide the control points. 

 

Figure 22: Editing Mesh Sequence Diagram 
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B. Activity Diagrams 

The activity diagrams are basically the workflow of the actions and activities in the system. In 

ARTIST system, we have 3 major scenarios to be represented via activity diagrams. 

Workspace management Activity Diagram 

 

Figure 23: Workspace management Activity Diagram 

First of all, the user initializes the workspace, and when it comes to loading models, the user 

will have two options. He will either create a new workspace, or he will open a previously 

saved project on the disk storage. Afterwards, the user can add and manipulate models in 

the workspace, and then he can save his work. At this point, the user can either initialize a 

workspace again, add and manipulate models, or he can just terminate the program. 
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Adding Models Activity Diagram 

 

Figure 24: Adding Models Activity Diagram 

The user will start by creating the workspace, and he will have two options for inserting models. 

He will be able to import 3D model from “ARTIST Models” folder on the fly, or he will add a 

newly created model. This newly created model can be one of the following, either the user will 

insert a basic 3D model that ARTIST system provides the user with which are the cubes, 

cylinders, and spheres, or the user will chose to add a new model by defining control points. 
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The scenario of adding control points can be done by either drawing a curved lines using Bezier 

Curves Algorithm, in which the user would define control points and a curve will be drawn as 

shown in figure 13, or the user will choose to fill the model. Indeed, filling the model can be 

done through two different scenarios. The first one is to draw curved surfaces using Bezier 

Surfaces Algorithm, as shown in figure 14, in which the user will define control points and then 

the surface will be filled and then the user can just modify any of these control points in order 

to modify the model. The second option for filling the model is by doing extrusion of the 2D 

shape into 3D model. For example, as shown in figure 15, the user just defined the control 

points of the base square, and then the shape was filled and extruded in the Z direction in order 

to form the cubic mode. Afterwards, the user will be able to apply physics to any model in the 

workspace, and then the models will be added to the marker tracking component in order to 

augment the models in front of the user in the real life. 

 

       Figure 25: Applying Bezier Curves Algorithm 
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   Figure 26: Applying Bezier Surfaces Algorithm 

 

 

Figure 27: Extruding a 2D Shape into a 3D Model 
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Manipulating Models Activity Diagram 

 

Figure 28: Manipulating Models Activity Diagram 

The user can start by creating the workspace and adding a model by the previously mentioned 

techniques. Afterwards, the input from the data gloves will be taken which represents the 

modification that the user would like to apply to the model. Then the model manipulation can 
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be done by using any of these techniques. Either the user would choose to edit meshes, and 

thus many control points will appear on the model and the user can modify any of them as 

shown in figure 16, or the user will choose to apply basic transformations like scaling, 

translating, or rotating the shape. Afterwards, the modified objects will be added to the marker 

tracker component so that they can be displayed by the user wearing the head mounted 

display. 

 

Figure 29: Editing Meshes 
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IX. System Description  

A. Class Diagrams 

Class diagrams are the diagrams that describe the structure of the system by showing the 

system's classes, their attributes, operations, and the relationships between the classes. The 

major class packages in the ARTIST system package are the DataGloves, GUI, 

ObjectManipulation, Physics, Rendering, ScreenForAll, WorkspaceManagement, and the 

GoblinXNA packages. The Design subsystem includes the WorkspaceManagement, 

ObjectManipulation, and the DataGloves class packages. However, the Augmentation 

subsystem contains the Physics, GUI, ScreenForAll, and Rendering class packages. The next 

figure shows such packages except GoblinXna which is a readymade class provided by the 

API. Each package in Figure 13 would lead to a more detailed class diagram. 

 

    Figure 30: The contents of ARTIST class package 
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Augmented Reality Subsystem Classes packages 

Class Packages Physics  

 

   Figure 31: The content of Physics Class Package 

This class packages includes one class called the “PhysicsEngine” that would do the physical 

simulations for the objects. 

Fields 

 scene: It is an instance of the class Scene which is the most important class in GoblinXna 

that handles 3D scenes processing and rendering. 

Methods 

 PhysicsEngine(): 

 Description: The class constructor  

 Input: the instance of the Scene class (scene) 

 Output: None 
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 Action: initialize the GoblinXna scene 

 Pre-condition: the scence reference points to null 

 Post-condition: the scene reference is associated with the scene passes to the 

class’s constructor. 

 Initialize(): 

 Description: This function initializes the physics engine 

 Input: None 

 Output: None 

 Action: It creates new instance of the PhysicsNewton class in GoblimXna. It also 

sets the gravity, and creates several physics materials to create different collision 

sounds for each material. 

 Pre-condition: The properties of the PhysicsEngine instance and not specified 

 Post-condition: The properties of the PhysicsEngine instance are defined. 

 

 ApplyPhysics(): 

 Description: This function applies the previously specified PhysicsEngine 

properties to the geometry object passes to it. 

 Input: The geometry node on which the physics simulation will be applied and 

the Boolean variable indicating whether the physics engine is enabled or not. 

 Output: None 

 Action: Apply the physics simulations and sets the PhysicsEngine properties for 

the geometry node passed to the function. 
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 Pre-condition: The geometry node is not added to the PhysicsEngine 

 Post-condition: The geometry node is added to the PhysicsEngine and assigned 

the physical properties. 

 

 EnablePhysics(): 

 Description: This function applies the gravity and the collidable properties of the 

PhysicsEngine properties to the transformational nodes passed to it. 

 Input: The list of the transformational nodes on which the PhysicsEngine gravity 

and collidable properties will be applied. 

 Output: None 

 Action: Sets the gravity and the collidable properties in the PhysicsEngine to true 

 Pre-condition: The gravity and the collidable properties are disabled. 

 Post-condition: The gravity and the collidable properties are enabled. 

 

 DisablePhysics(): 

 Description: This function disables the gravity and the collidable properties of 

the PhysicsEngine properties of the transformational nodes passed to it 

 Input: The list of the transformational nodes on which the PhysicsEngine gravity 

and collidable properties will be disabled. 

 Output: None 

 Action: Sets the gravity and the collidable properties in the PhysicsEngine to 

false 
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 Pre-condition: The gravity and the collidable properties are enabled. 

 Post-condition: The gravity and the collidable properties are disabled 
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Class Packages GUI 

 

    Figure 32: The content of the GUI class package 
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This class packages includes 4 classes, the ImportPanel, SaveOpenPanel, UserInterface, and the 

VirtualKeyboard class. 

ImportPanel 

Fields 

 txtFileName: of type GoblinXNA.UI.UI2D.G2DTextField and define the text field in the 

panel. 

 FileList: of type GoblinXNA.UI.UI2D.G2DList and defines the list in the panel 

 files: of type string[] that contains a list of files to be displayed in the list. 

 uiFont: of type Microsoft.Xna.Framework.Graphics.SpriteFont which defines the font 

written in the panel 

 mainScreen: of type ARTIST.ScreenForAll.ScreenFA which is a reference of the screen in 

this class 

 UI: of type ARTIST.GUI.UserInterface which is a reference of the user interface in this 

class. 

Methods 

 ImportPanel(): 

 Description: Class constructor 

 Input: ARTIST.ScreenForAll and ARTIST.GUI.UserInterface 

 Output: None 

 Action: Initializes the instances in it and constructs the class 

 Pre-condition: The class is not constucted. 
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 Post-condition: The class is constructed. 

 Show(): 

 Description: Shows the panel 

 Input: None 

 Output: None 

 Action: turns on the visibility flag 

 Pre-condition: The panel is not visible. 

 Post-condition: The panel is visible. 

 LocationToIndex(): 

 Description: Gives a location in the list that is in the panel according to the 

mouse click. 

 Input: Microsoft.Xna.Framework.Point 

 Output: None 

 Action: takes the point and projects it to the list and selects the item it was 

pressed on 

 Pre-condition: The item defined on the list was not clicked on. 

 Post-condition: The item defined on the list was clicked on. 

 refereshImportlist(): 

 Description: Adds other files that exist on ARTIST folder to the list 

 Input: None 

 Output: None 
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 Action: Checks the ARTIST folder and adds any newly added file to the folder in 

the list 

 Pre-condition: The list is not refreshed. 

 Post-condition: The list is refreshed. 

SaveOpenPanel 

Fields 

 SaveOpenState: of type string and initialized to null and defines the state of the panel 

either it is a save or an open panel 

 txtFileName: of type GoblinXNA.UI.UI2D.G2DTextField and define the text field in the 

panel. 

 FileList: of type GoblinXNA.UI.UI2D.G2DList and defines the list in the panel 

 files: of type string[] that contains a list of files to be displayed in the list. 

 uiFont: of type Microsoft.Xna.Framework.Graphics.SpriteFont which defines the font 

written in the panel 

 mainScreen: of type ARTIST.ScreenForAll.ScreenFA which is a reference of the screen in 

this class 

 UI: of type ARTIST.GUI.UserInterface which is a reference of the user interface in this 

class. 

Methods 

 SaveOpenPanel(): 

 Description: Class constructor 
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 Input: ARTIST.ScreenForAll and ARTIST.GUI.UserInterface 

 Output: None 

 Action: Initializes the instances in it and constructs the class 

 Pre-condition: The class is not constucted. 

 Post-condition: The class is constructed. 

 Show(): 

 Description: Shows the panel 

 Input: None 

 Output: None 

 Action: turns on the visibility flag 

 Pre-condition: The panel is not visible. 

 Post-condition: The panel is visible. 

 LocationToIndex(): 

 Description: Gives a location in the list that is in the panel according to the 

mouse click. 

 Input: Microsoft.Xna.Framework.Point 

 Output: None 

 Action: takes the point and projects it to the list and selects the item it was 

pressed on 

 Pre-condition: The item defined on the list was not clicked on. 

 Post-condition: The item defined on the list was clicked on. 
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 refereshSaveOpenlist(): 

 Description: Adds other files that exist on ARTIST folder to the list 

 Input: None 

 Output: None 

 Action: Checks the ARTIST folder and adds any newly added file to the folder in 

the list 

 Pre-condition: The list is not refreshed. 

 Post-condition: The list is refreshed. 

UserInterface 

Fields 

 TopPanel: of type GoblinXNA.UI.UI2D.G2DPanel and represents the top panel in the UI 

 RightPanel: of type GoblinXNA.UI.UI2D.G2DPanel and represents the right panel. 

 LeftPanel: of type GoblinXNA.UI.UI2D.G2DPanel and represents the left panel in the UI 

 FrameforFillButton: of type GoblinXNA.UI.UI2D.G2DPanel and represents a panel for 

the filling button 

 Splash: of type GoblinXNA.UI.UI2D.G2DPanel and represents the panel for the software 

splash 

 uiFont: of type Microsoft.Xna.Framwork.Graphics.SpriteFont and represents the font on 

the UI 

 mainScreen: of type ARTIST.ScreenForAll and it is a reference of the screen in the 

interface. 
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 keyboard: of type ARTIST.GUI.VirtualKeyboard and it represents the keyboard in the 

system. 

 saveOpenPanel: of type ARTIST.GUI.SaveOpenPanel and it represents the save and 

open panel in the UI 

 ImportPanel: of tyoe ARTIST.GUI.ImportPanel and it represents the Import Panel. 

 Physics: of type ARTIST.Physics.PhysicsEngine and it is a reference of the physics engine 

in this class. 

 PhysicsEnabled: of type Boolean and tell if the physics is on or off and initialized to false. 

Methods  

 UserInterface(): 

 Description: Class constructor 

 Input: ARTIST.ScreenForAll.ScreenFA 

 Output: None 

 Action: Constructs the class and initializes the panels 

 Pre-condition: The interface is not constructed. 

 Post-condition: The interface is constructed. 

 ShowGUI(): 

 Description: Displays the GUI on the screen 

 Input: None 

 Output: None 

 Action: turns on the flags in the interface 
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 Pre-condition: The GUI is not displayed. 

 Post-condition: The GUI is displayed. 

 ToogleToolbars(): 

 Description: shows or hides the panels 

 Input: None 

 Output: None 

 Action: turns on or off the visibility flags on the panels 

 Pre-condition: The panels are on or off. 

 Post-condition: The reverse happens. 

 ShowToolbars(): 

 Description: Displays the toolbars 

 Input: None 

 Output: None 

 Action: Turns on the visibility flag 

 Pre-condition: The panels are not shown. 

 Post-condition: The panels are shown. 

 HideToolbars(): 

 Description: Hides the toolbars 

 Input: None 

 Output: None 

 Action: Turns off the visibility flag 

 Pre-condition: The panels are not hidden. 
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 Post-condition: The panels are hidden. 

 CreateTopPanel(): 

 Description: Creates the top panel 

 Input: None 

 Output: None 

 Action: Creates the top panel and adds the buttons to it 

 Pre-condition: The top panel is not created. 

 Post-condition: The top panel is created. 

 CreateRightPanel(): 

 Description: Creates the right panel 

 Input: None 

 Output: None 

 Action: Creates the right panel and adds the buttons to it 

 Pre-condition: The right panel is not created. 

 Post-condition: The right panel is created. 

 CreateLeftPanel(): 

 Description: Creates the left panel 

 Input: None 

 Output: None 

 Action: Creates the left panel and adds the buttons to it 

 Pre-condition: The left panel is not created. 

 Post-condition: The left panel is created. 
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VirtualKeyboard 

Fields 

 Keys: of type GoblinXNA.UI.Ui2D.G2DButton[] and represents the keys in the keyboard. 

 FocusedTextField: of type GoblinXNA.UI.Ui2D.G2DTextField and represents the text field 

that is focused on 

Methods 

 VirtualKeyboard(): 

 Description: Class constructor 

 Input: Microsoft.Xna.Framework.Graphics.SpriteFont 

 Output: None 

 Action: Creates the keyboard and places the keys on it. 

 Pre-condition: The keyboard is constructed. 

 Post-condition: The keyboard is not constructed. 

 ToggleKeyboard: 

 Description: shows or hides the keyboard 

 Input: None 

 Output: None 

 Action: turns on or off the visibility flag of the keyboard 

 Pre-condition: The keyboard is shows or hidden. 

 Post-condition: The reverse happens. 
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Class Packages Rendering 

 

   Figure 33: The Content of Rendering Class Package 

 

This class packages includes only one class called “Screen” which handles the screen 

components. 
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Fields 

 UI: This field is of type ARTIST.GUI.UserInterface which will handle the user interface in 

the screen class. 

 DataGlovesInput: This field is of type ARTIST.DataGloves.Input which will handle the 

input from the data gloves. 

Methods 

 Screen():   

 Description: The class constructor 

 Input: None 

 Output: None 

 Action: Create instances of the WorkspaceManager and the Input class 

 Pre-condition: The MainWorkSpaceManager and the DataGlovesInput variables 

were pointing to null. 

 Post-condition: Both the MainWorkSpcaeManager and the DataGlovesInput will 

be associated with values.  

 Initialize(): 

 Description: This function allows the game to perform any initialization it needs 

to before starting to run. It is also where it can query for any requires services 

and load and non-graphic related content.  

 Input: None 

 Output: None 
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 Action: It will call base.Initalize() that will enumerate through the components 

and initialize them. 

 Pre-condition: The components are not initialized 

 Post-condition: The components are initialized 

 Quit(): 

 Description: This function quits the application 

 Input: None 

 Output: None 

 Action: exits the application after dereferencing the objects. 

 Pre-condition: The application is running. 

 Post-condition: The application will terminate. 

 InitializeObjects(): 

 Description: This function initializes the objects for preparation to be rendered 

on the screen. 

 Input: None 

 Output: None 

 Action: Adds the objects to the marker node in order to be rendered 

 Pre-condition: The transformational nodes are not added to the marker node 

 Post-condition: The transformational nodes are added to the marker node. 

 

 SetupMarketTracking(): 

 Description: This function sets up the market tracking 
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 Input: None 

 Output: None 

 Action: Starts the market tracking process and change the position of the objects 

on the marker according to the position of the camera with respect to the 

marker. 

 Pre-condition: The software will not be able to track the camera position with 

respect to the marker 

 Post-condition: The software will be able to track the camera position with 

respect to the marker 

 CreateLights(): 

 Description: Sets up the lights and shading for the scene 

 Input: None 

 Output: None 

 Action: Enable lighting and shading in the scene that is displayed 

 Pre-condition: No lights or shading effects will be applied 

 Post-condition: Lights or shading effects will be applied 

 CreateGround(): 

 Description: Creates the ground for the scene, and displays it 

 Input: None 

 Output: None 

 Action: Creates the ground for the scene that is displayed 
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 Pre-condition: No ground will be placed and thus some physics functions will not 

run correctly 

 Post-condition: Ground will be placed and thus the physics will run correctly 
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Class Packages ScreenForAll 

 

   Figure 34: Content of the ScreenForAll Class Package 

This class package includes only one class called “ScreenFA” which is an abstract class and a sub 

class of Microsoft.Xna.Framework.Game 

Fields 

 graphics: of type Microsoft.Xna.Framework.GraphicsDeviceManager which handles the 

configuration and management of the graphics device. 

 spriteBatch: of type Microsoft.Xna.Framework.Graphics.SpriteBatch which is 

responsible of enabling a group of sprites to be drawn using the same settings. 



ARTIST SDS Document  Page | 73  

 MainWorkspaceManager: of type ARTIST.WorkspaceManagement.WorkspaceManager 

which is responsible of handling all the workspace commands like the saving, loading 

and creating a new workspace. 

 physics: of type ARTIST.Physics.PhysicsEngine which handles all the physics simulations 

applied on the models. 

 scene: of type GoblinXNA.SceneGraph.Scene that handels the 3D scene processing and 

rendering. 

 groundNode: of type GoblinXNA.SceneGraph.GeometryNode which represents the 

ground of the project itself with its physical properties. 

 markerNode: of type GoblinXNA.SceneGraph.MarkerNode which is responsible of 

optically tracking the marker according to the location of the camera. 

 PickedObj: of type GoblinXNA.SceneGraph.GeometryNode which represents the object 

that has been clicked on by the gloves. 

 PickedObjTrans: of type GoblinXNA.SceneGraph.TransformatioNode that represents the 

transformation of the picked object. 

 ObjCreator: of type ARTIST.ObjectManipulation.ObjectCreator that is responsible of 

creating, importing and filling the shapes that the user requires in the workspace. 

 ObjectModifier: of type ARTIST.ObjectManipulation.ObjectModification that is 

responsible of doing whatever transformations on the models like translating, rotating, 

scaling, etc. 

 Custom_pressed: of type bool that flags if the user clicked on the custom shape button 

and is set to false by default. 
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 Fill_pressed: to type bool that is flags if the user has pressed on the filling button, and is 

set to false by default. 

Methods 

 InitializeObjects(): 

 Description: an abstract function that is responsible of refreshing the models and 

displaying them on the screen. 

 Input: None 

 Output: None 

 Action: Displaying the objects on the screen. 

 Pre-condition: The objects don’t get displaying on the screen. 

 Post-condition: The objects get displayed on the screen 

 Quit(): 

 Description: This is an abstract function that quits the application 

 Input: None 

 Output: None 

 Action: exits the application after dereferencing the objects. 

 Pre-condition: The application is running. 

 Post-condition: The application will terminate. 

 CreateGround(): 

 Description: An abstract function that creates the ground for the scene, and 

displays it 

 Input: None 
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 Output: None 

 Action: Creates the ground for the scene that is displayed 

 Pre-condition: No ground will be placed and thus some physics functions will not 

run correctly 

Post-condition: Ground will be placed and thus the physics will run correctly 
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Design Subsystem Classes Packages 

Class Packages WorkspcaeManagement 
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This class package includes the “Workspace” and “WorkspaceManager” classes, and they are 

responsible of the workspaces and managing them. 

Workspace 

This is a serializable class that is used to hold all the objects and models existing in the 

workspace. 

Fields 

 Objects: of type List<TransformNodes> that holds all the created objects in the scene. 

 CustomMeshes: of type List<Microsoft.Xna.Framework.Graphics.Model> that holds all 

the imported models to the scene. 

 constraintProportions: of type bool and flags if the user clicked on the constraint 

proportions button. 

 Changed: of type bool and tells the system that a new object or a new action was 

applied to the workspace in order to enable auto saving, and allow the user to save 

when he is done with his work. 

 Updated: of type bool and that tells ARTIST that a new object was added to the 

workspace, in order to refresh the screen and show the objects on the screen. 

 WMGraphics: of type Micorosft.Xna.Framework.GraphicsDeviceManager that handles 

the configuration and management of the graphics device. 

 scene: of type GoblinXNA.SceneGraph.Scene that handels the 3D scene processing and 

rendering. 
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 physics: of type ARTIST.Physics.PhysicsEngine which handles all the physics simulations 

applied on the models. 

Methods 

 Workspace(): 

 Description: The class constructor. 

 Input: Micorosft.Xna.Framework.GraphicsDeviceManager, 

Micorosft.Xna.Framework.ContentManager and ARTIST.Physics.PhysicsEngine 

 Output: None. 

 Action: Initializes the workspace and initializes the objects’ lists. 

 Pre-condition: The workspace is not defined and initialized. 

 Post-condition: The workspace is initialized and working properly. 

WorkspaceManager 

Fields 

 CurrentWorkspace: of type ARTIST.WorkspaceManagement.Workspace that is 

responsible of loading the workspace, and managing all the data and models associated 

with the workspace. 

 CurrentFilename: of type string and holds the name of the workspace that the user 

defines, it also contains the name of the ARTIST file that the user has opened. 

 gdm: of type Microsoft.Xna.Framwork.GraphicsDeviceManager that gets initialized and 

in return initializes the graphics device manager in the workspace class. 
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 cm: of type Micorosft.Xna.Framework.ContentManager and is used to initialize 

GoblinXNA. 

 physics: of type ARTIST.Physics.PhysicsEngine and is used to initialize ARTIST physics 

engine. 

Methods 

 WorkspaceManager(): 

 Description: Class constructor. 

 Input: None. 

 Output: None. 

 Action: Initializes the workspace and workspace manager. 

 Pre-condition: the workspace manager is not initialized. 

 Post-condition: the workspace manager is initialized. 

 CreateNewWorkspace(): 

 Description: creates a new workspace that is ready for action. 

 Input: None. 

 Output: None 

 Action: Initializes the instance of the workspace class. 

 Pre-condition: the workspace is not initialized and working. 

 Post-condition: the workspace is initialized and working. 
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 SaveWorkspace(): 

 Description: responsible of saving the workspace upon the user’s request. 

 Input: File path 

 Output: Boolean representing if the save is successful or not. 

 Action: Saves the workspace in “.arts” format which is an ARTIST defined format. 

 Pre-condition: the workspace is not saved. 

 Post-condition: the workspace is saved. 

 LoadWorkspace(): 

 Description: loads the requested file that is of “.arts” format. 

 Input: File path 

 Output: Boolean that represents if the loading is successful or not. 

 Action: Loads the files that user requests in the workspace. 

 Pre-condition: the workspace is not loaded. 

 Post-condition: the workspace is loaded successfully. 

 CloseWorkspace(): 

 Description: closes the workspace. 

 Input: None 

 Output: None 

 Action: sets the workspace instance to null. 

 Pre-condition: the workspace is working. 

 Post-condition: the workspace is not working and set to null. 
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 AutoSave(): 

 Description: this function is associated with a thread that waits for 5 minutes 

then auto saves the progress. 

 Input: None. 

 Output: None. 

 Action: Saves a temporary file on the desk every 5 minutes. 

 Pre-condition: the workspace is not recovered. 

 Post-condition: the workspace is recovered. 

 CheckForAutosave(): 

 Description: if the program ended unexpectedly this function looks for any 

recovered files and recovers the workspace. 

 Input: None. 

 Output: None. 

 Action: searches for any recovered files in ARTIST folder and recovers them. 

 Pre-condition: the workspace is not recovered. 

 Post-condition: the workspace is recovered. 
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Class Packages DataGloves 

 

This class is responsible of managing the data gloves events and inputs. 

Fields 

 PickedObjects: of type GobinXNA.Graphics.GeometryNode and holds the object that has 

been picked by the user clicking on it. 

Methods 

 PickObjects(): 

 Description: Picks the object that the user clicks on. 

 Input: Microsoft.Xna.Framework.Point, Microsoft.Xna.Framework.Martix, 

GoblinXNA.SceneGraph.Scene, 

Microsoft.Xna.Framework.GraphicsDeviceManager. 

 Output: GoblinXNA.SceneGraph.GeometryNode 

 Action: casts a ray and selects the first object that interests with that ray. 

 Pre-condition: the object is not selected. 

 Post-condition: the object is selected. 
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Class Packages ObjectManipulation 

 

This package has the classes responsible of creating and manipulating the 3D models in the 

system, there are two main classes in this package which are “ObjectCreation” and 

“ObjectManipulation”. 

ObjectCreation 

This class is responsible of creating and importing the models into the workspace, it also allows 

the user to define control points and fill them. 
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Fields 

 MainWorkspaceManager: of type ARTIST.WorkspaceManagement.WorkspaceManager 

and is a reference of the workspace in this class. 

 Objects: of type List<GoblinXNA.SceneGraph.TransformNode> and holds the 

transformation node of the objects existing in the workspace. 

 physics: of type ARTIST.Physics.PhysicsEngine and it is a reference of the physics engine 

in this class 

 boneTransforms: of type Microsoft.Xna.Framework.Martix and has the transformation 

matrix of the imported model. 

 modelCenter: of type Microsoft.Xna.Framework.Vector3 and contains the center point 

of the imported model. 

 modelRadius: of type float and contains the radius of the bounding sphere of the 

imported model. 

 timer: of type System.Diagnostics.Stopwatch and is used in the importing process 

 ControlPoints: of type ArrayList and contains all the control points defined by the user in 

order to create custom shapes. 

 graphics: of type Microsoft.Xna.Framework.GraphicsDeviceManager and is a reference 

of the graphics in the workspace. 

 scene: of type Microsoft.Xna.Framework.Scene and is a reference of the scene in the 

workspace. 
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Methods 

 ObjectCreation(): 

 Description: Class constructor. 

 Input: ARTIST.WorkspaceManagmenet.WorkspaceManager, 

ARTIST.Physics.PhysicsEngine, 

Microsoft.Xna.Framework.GraphicsDeviceManager, 

Microsoft.Xna.Framework.Scene 

 Output: None 

 Action: initializes the references existing in the class and constructs the class 

 Pre-condition: the class is not constructed. 

 Post-condition: the class is constructed. 

 ApplyMaterials(): 

 Description: Applies some default materials on the models in the workspace 

 Input: GoblinXNA.SceneGraph.GeometryNode 

 Output: None 

 Action: Take the geometry node and applies some diffused and specular 

materials on them. 

 Pre-condition: the materials are not applied. 

 Post-condition: the materials are applied. 

 AddBox(): 

 Description: Creates a new box 

 Input: bool 



ARTIST SDS Document  Page | 86  

 Output: None 

 Action: creates a new box, apply materials, and physics on it according to the 

flag in the input and add it to the marker node. 

 Pre-condition: No box in added 

 Post-condition: A box is added 

 AddSphere(): 

 Description: Creates a new Sphere 

 Input: bool 

 Output: None 

 Action: creates a new Sphere, apply materials, and physics on it according to the 

flag in the input and add it to the marker node. 

 Pre-condition: No Sphere in added 

 Post-condition: A Sphere is added 

 AddCylinder(): 

 Description: Creates a new cylinder 

 Input: bool 

 Output: None 

 Action: creates a new cylinder, apply materials, and physics on it according to 

the flag in the input and add it to the marker node. 

 Pre-condition: No cylinder in added 

 Post-condition: A cylinder is added 
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 ImportObject(): 

 Description: Imports an object from an external file. 

 Input: string 

 Output: None 

 Action: opens the selected file and imports the object in it in the workspace. 

 Pre-condition: No external object is imported. 

 Post-condition: External object is imported. 

 DefineControlPoint(): 

 Description: Defines control points and according to the users mouse click. 

 Input: Microsoft.Xna.Framework.Point and Microsoft.Xna.Framework.Matrix 

 Output: None 

 Action: according to the position of the mouse click it inserts a control point and 

adds it to the control points array. 

 Pre-condition: No control point is added. 

 Post-condition: Control point is added. 

 Fill(): 

 Description: After defining the control points the user can fill them up and create 

a custom shape 

 Input: Microsoft.Xna.Framework.GraphicsDeviceManager 

 Output: None. 

 Action: Fills the control points and create a custom shape. 

 Pre-condition: No shape is filled. 
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 Post-condition: The shape is filled. 

ObjectModification 

This class is responsible of applying whatever modifications and transformations on the model 

itself. 

Fields 

 MainWorkspaceManager: of type ARTIST.WorkspaceManagement.WorkspaceManager 

and is a reference of the workspace in the class. 

 Objects: of type List<GoblinXNA.SceneGraph.TransformNode> and contains the 

transformation nodes of all the models in the workspace. 

 physics: of type ARTIST.Physics.PhysicsEngine and is a reference of the physics engine in 

the workspace. 

Methods 

 ObjectModification(): 

 Description: Class constructor 

 Input: ARTIST.WorkspaceManagmenet.WorkspaceManager and 

ARTIST.Physics.PhysicsEngine 

 Output: None. 

 Action: Initializes the references and construct the class 

 Pre-condition: The class is not constructed. 

 Post-condition: The class is constructed. 
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 DuplicateShape(): 

 Description: Duplicates a selected shape 

 Input: GoblinXNA.SceneGraph.GeometryNode and 

GoblinXNA.SceneGraph.TransformNode 

 Output: None. 

 Action: Creates a duplicated instance of the selected shape and adds it to the 

marker node. 

 Pre-condition: No shape is duplicated. 

 Post-condition: The shape is duplicated. 

 DeleteShape(): 

 Description: Deletes a selected shape 

 Input: GoblinXNA.SceneGraph.GeometryNode 

 Output: None. 

 Action: Removes the shape from the objects’ list and removes it also from the 

marker node. 

 Pre-condition: No shape is deleted. 

 Post-condition: The shape is deleted. 

 RotateObject(): 

 Description: Rotates the model around a certain axis 

 Input: GoblinXNA.SceneGraph.GeometryNode, float and 

Microsot.Xna.Framework.Vector3 

 Output: None. 
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 Action: Changes the angle of the model and rotates it around an axis. 

 Pre-condition: No shape is rotated. 

 Post-condition: The shape is rotates. 

 TranslateObject(): 

 Description: Translates the model to a point. 

 Input: GoblinXNA.SceneGraph.GeometryNode and 

Microsot.Xna.Framework.Vector3 

 Output: None. 

 Action: Changes the location of the model. 

 Pre-condition: No shape is translated. 

 Post-condition: The shape is translated. 

 ScaleObject(): 

 Description: Scales the model up and down 

 Input: GoblinXNA.SceneGraph.GeometryNode and 

Microsot.Xna.Framework.Vector3 

 Output: None. 

 Action: Changes the scale of the model. 

 Pre-condition: No shape is scaled. 

 Post-condition: The shape is scaled. 
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The complete Class Diagram for ARTIST system 

 

    Figure 35: Complete ARTIST Class Diagram 
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BezierSurface 

This class is implemented inside GoblinXNA itself and it will need to inherit from some classes 

that exist in the API. BezierSurface class is responsible of creating and providing whatever 

functions needed to create a Bezier surface. This class inherits from a class called 

GoblinXNA.Graphics.PrimitiveModel 

 Methods 

 BezierSurface(): 

 Description: Class constructor 

 Input: List<Microsot.Xna.Framework.Vector3> 

 Output: None. 

 Action: Constructs the class and initialize its variables 

 Pre-condition: The class is not constructed. 

 Post-condition: The class is constructed. 

 CreateSurface(): 

 Description: Creates the Bezier Surface 

 Input: List<Microsot.Xna.Framework.Vector3> 

 Output: None. 

 Action: Creates and calculates the surface and draws it. 

 Pre-condition: No surface is created. 

 Post-condition: The surface is created. 
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 ProcessControlPoints(): 

 Description: Does some processing and arrangement to the control points 

 Input: None 

 Output: None. 

 Action: Adds the u and v vectors to the points and arrange them. 

 Pre-condition: The control points are not ready for calculation. 

 Post-condition: The control points are ready for calculation. 

 CalculateSurface(): 

 Description: Calculates the surface according to the control points 

 Input: None 

 Output: None. 

 Action: Creates the surface and does some calculations on it. 

 Pre-condition: The surface is not created. 

 Post-condition: The surface is created. 
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     Figure 36: Bezier Class 
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X. Challenges 

 Past Challenges: 

 Getting acquainted with GoblinXNA. 

 Getting the Goggles to work properly. 

 Future Challenges: 

 Data gloves arrival is becoming very late. 

 Getting acquainted with the API of the data gloves, and being able to capture 

input from the data gloves. 

 Integrating the Data Gloves API into our project and using the input captured to 

control the system. 

 Changing the means of input of our project from mouse input to gloves input. 

 The absence of the gloves will result in a decrease in the application’s usability. 

 Implementing the algorithm of creating the Bezier Surfaces would also be a 

challenge, especially that it would be injected into the GoblinXNA API (for which 

we have the source code). 
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XI. Progress 

 Finished implementation of the Augmented Reality Subsystem including the GUI, 

3D Rendering, Physics Engine, . 

 Finished implementation of the Workspace Management Component. 

 Implemented creation of basic shapes. 

 Implemented importing of custom shapes. 

 Implemented basic transformations. 

 Partially implemented drawing of custom shapes using control points. 
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XII. Time Plan 
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