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Abstract
Maya and 3Ds Max are applications used throughout the industry to create 3D content. This study compared and analysed a range of tools, and attempted to identify whether either package offers a more efficient workflow, by measuring the amount of steps required to carry out a variety of tasks.  
A test was conducted in which a 3D asset was created in Maya and 3Ds Max, following a tutorial provided by Ami Chopine’s book, 3D Art Essentials: The Fundamentals of 3D Modelling and Animation (2011). As the subject was an experienced Maya user, to avoid bias, timing was not taken into consideration. 
In terms of how many steps were required to complete the tasks set by the tutorial, Maya provided the quickest workflow. However, the conclusion was drawn that a more elaborate test was required, which assesses additional tools, outside of the tutorial’s requirements, to determine whether either package offers a quicker workflow. 
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[bookmark: _Toc500317214]Introduction
During this study, two 3D editing applications will be examined, Maya and 3Ds Max. A tutorial will be followed to create a 3D video game asset, and the tool sets in both packages will be compared.
Several tasks will be set, and the number of steps required to complete them will be recorded. These results will be compared to determine which application offers the faster workflow. The behaviour of the tools used for the tutorial will be recorded and analysed.  
The results of this study, will inform 3D artists if either application provides a more efficient workflow. 












[bookmark: _Toc500317215]Literature Review
3D modelling is the process used to create three dimensional representations of the subject matter. Often associated with computer games and movies, 3D models can be seen in a wide variety of places such as property visualisations used by estate agents, as well as TV adverts and furniture catalogues. “3-D modelling is used in many different industries, including virtual reality, video games, 3D printing, marketing, TV and motion pictures, scientific and medical imaging and computer-aided design and manufacturing” (Tech Target, 2016)
3D models are made from multiple surfaces called polygons. “The most basic definition of a polygon is a shape defined by its corners (vertices) and straight lines between them (edges)” (Guindon, M.A, 2005). If three vertices are connected by three edges to form a triangle, the empty space is filled with a visible surface, or face. Polygons can consist of three or four edges and are called Tris and Quads respectively. A polygon with anything more than four edges is called an Ngon, and is considered ‘illegal’ geometry, meaning 3D artist avoid these entirely and ensure their models consist of Quads or Tris. 
Arguably, 3D modelling originated in 1963 when Ivan Sutherland, a computer scientist working for MIT, invented one of the first Graphic Systems, Sketchpad. Using a light pen, users were able to draw shapes on a screen by hand, and Sketchpad would use algorithms to make the lines perpendicular and parallel. “This was the first time a user could truly interact with a computer program” (Chopine, A. 2011)
Although both 2D and 3D objects could be created in Sketchpad, they could only be viewed as wireframes, meaning only their edges were displayed without any solid surfaces. Many institutes worked on resolving this problem, however, the ARPA (Advanced Research Projects Agency of the US Department of Defence) had an interest in advancing the technology to create simulations to train their soldiers and pilots. In 1973 the University of Utah, with a $5 Million grant from the ARPA and the co-operation of Ivan Sutherland, created an algorithm that would give the 3D objects a solid appearance. Though the creation and rendering of 3D models has made considerable advancements since then, and is still evolving to this day, it is worth noting that Ivan Sutherland is considered by many to be the ‘Father of Computer Graphics’. 
In today’s 3D applications such as Maya, Blender, 3ds Max or Cinema 4D to name a few, models are edited by controlling polygon’s edges, vertices and faces. These components can be moved around a 3D space (transformed) on the X, Y and Z axis, to manipulate what often starts off as a primitive form such as a cube, sphere or cylinder, into more complex shapes. In addition, there are several tools that are standard to most 3D modelling applications that allow users to extrude components, add edges, subdivide meshes to add more geometry and make models appear smoother, as well as many other more advanced functions (Chopine, A. 2011).
As well as polygon modelling, many 3D applications support modelling with NURBS (Non-Uniform Rational B-Splines). Instead of straight edges, NURBS are based on shapes formed with curves which are later filled with ‘patches’ of geometry. However, computer game engines, such as Unreal Engine 4, Unity and Cry Engine, do not support NURBS, which is why this report will focus exclusively on modelling with polygons. 


[bookmark: _Toc500317216]Methodology
Maya and 3Ds Max are 3D modelling applications that are both owned by Autodesk. The aim of this test is to determine which workflow requires fewer steps, whilst comparing and analysing the required toolsets. 
For an unbiased decision on which tools to compare, a tutorial will be followed which is not specific to any 3D package. Instead, Ami Chopine’s 3D Art Essentials: The Fundamentals of 3D Modelling and Animation, focuses on the principles of editing geometry, and offers a tutorial on creating a robot character. There are several chapters on animating and texturing, however these will not be followed as the focus of this analysis is based on the 3D modelling tool sets. As the subject has experience in using Maya and has not used 3Ds Max before this test, timing will not be taken into consideration. The only support resources that will be used to complete the test, will be the official Maya and 3Ds Max documentation, available through Autodesk’s online Knowledge Network.
Whilst creating the model in 3Ds Max and Maya, the tools will only be used as described in the tutorial, meaning unrequired functionality will not be explored in detail. 
When ‘steps’ are discussed during this analysis, it refers to the number of actions necessary to use a tool or complete a task. A breakdown of each step will be made available in the results. 
When discussing which program offers the faster workflow, this analysis does not refer to time, but instead to the number of steps required to carry out one of the tasks listed below. 
The tasks to complete the test include:
· Inserting an image Plane
· Creating Polygon Primitives
· Naming and organising objects
· Selecting orthographic cameras
· Controlling the perspective camera
· Selecting components
· Transforming components (Move, Rotate, Scale)
· Inserting edge-loops
· Extruding geometry 
· Mirroring objects
To determine which application offers the more intuitive toolset, questions will be raised and answered, including:
· Are there fewer steps in the modelling pipeline in one package compared to another?
· Do both packages offer the tools necessary to complete the test?
· How do the tools compare, and can improvements be made? 

The following resources will be used to complete the test:
· Autodesk Maya 2018 (Free, Student Version)
· Autodesk 3ds Max 2018 (Free, Student Version)
· Autodesk Knowledge Network
Links to overviews of Maya’s and 3Ds Max’s interface layout will be available in the bibliography, as official descriptions will be used to describe the locations of individual tools.  
Further resources may be used during the analysis.
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	Tool Name
	Inserting an Image Plane (Method 1)

	Number of Steps
	6

	Steps
	Hot Box > Marking Menu > Chose an Orthographic Perspective

	 
	 View > Image Plane > Import Image

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Tool Name
	Inserting an Image Plane (Method 2)

	Number of Steps
	14

	Steps
	Step 1: Create > Polygon Primitives > Plane          

	 
	Step 2: Windows > Hypershade Editor > New Material > Select Colour Node > File > Select File > Import Image

	 
	Step 3: Select Plane in viewport > Assign Existing Material > Select created Material > Select Textured (to display image on plane)

	 
	Step 4: Select Plane > Rescale > Position to centre of grid

	Short Cut
	None 

	Test Result
	Successful

	
	

	
	

	Task
	Creating Polygon Primitives (Method 1)

	Number of Steps
	3

	Steps
	Create > Polygon Primitives > Select Primitive

	Short Cut
	None

	Test Result
	Successful 

	Task
	Creating Polygon Primitives (Method 2)

	Number of Steps
	3

	Steps
	Modelling>Polygon Modelling > Select Primitive

	Short Cut
	None

	Test Result
	Successful

	
	

	Task
	Naming Objects

	Number of Steps
	3

	Steps
	Open Outliner > Select Object > Rename

	Short Cut
	None

	Test Result
	Successful 

	
	

	
	

	Task
	Selecting Orthographic Cameras

	Number of Steps
	3

	Steps
	Hot Box > Marking Menu > Select Perspective

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Controlling the Perspective Camera

	Number of Steps
	1

	Steps
	Hold down Alt

	Short Cut
	None

	Test Result
	Successful

	
	

	


	

	Tool Name
	Selecting Component Modes

	Number of Steps
	1 (Via shortcuts)

	Steps
	Right Click, Drag and Select Component Mode

	Short Cut
	F9 (Vertex, F10 (Edge) F11 (Face)

	Test Result
	Successful 

	
	

	
	

	Tool Name
	Accessing Transformation Tools

	Number of Steps
	1 (Via standard method or shortcuts)

	Steps
	Select Move Tool or Rotate Tool or Scale Tool from Menu

	Short Cut
	W (Move), E (Rotate), R (Scale)

	Test Result
	Successful

	
	

	
	

	Tool Name
	Inserting Edge-Loops

	Number of Steps
	3

	Steps
	Mesh Tools > Insert Edge Loop> Select Edge

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Tool Name
	Extruding Components

	Number of Steps
	1 (Via shortcut)

	Steps
	 Edit Mesh > Extrude

	Short Cut
	CTRL+E

	Test Result
	Successful

	


	

	
	

	Tool Name
	Mirroring Objects

	Clicks to activate tool
	2

	Path
	 Mesh > Mirror

	Short Cut
	None

	Test Result
	Successful 
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	Task
	Inserting an Image Plane 

	Number of Steps
	15

	Steps
	 Create > Plane > Drag out geometry           

	 
	Material Editor > Select Material > Defuse > Bitmap > Select Image

	 
	 Drag and Drop Material on Plane > Show Added Material in Viewport

	 
	 Select Plane > Rescale on X Axis > Rescale on Y Axis> Rotate > Position to centre of grid

	Short Cut
	None 

	Test Result
	Successful

	
	

	
	

	Task
	Creating Polygon Primitives (Method 1)

	Number of Steps
	5

	Steps
	Create > Standard Primitives > Select Primitive > Drag out X and Z axis > Drag out Y axis 

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Creating Polygon Primitives (Method 2)

	Number of Steps
	4

	Steps
	Create > Select Primitive > Drag out X and Z axis > Drag out Y axis

	Short Cut
	None

	Test Result
	Successful

	
	

	





	



	Task
	Naming Objects

	Number of Steps
	2

	Steps
	 Select Object > Rename

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Selecting Orthographic Cameras

	Number of Steps
	1

	Steps
	Click arrow on View Cube

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Controlling the Perspective Camera

	Number of Steps
	1

	Steps
	Hold down Alt

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Selecting Component Modes (Method 1)

	Number of Steps
	2

	Steps
	Quad Menu > Select Polygon or Edge or Vertex 

	Short Cut
	None

	Test Result
	Successful

	
	






	Task
	Selecting Component Modes (Method 2)

	Number of Steps
	3

	Steps
	Modify > Select Polygon or Edge or Vertex >Select Component

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Access Transformation Tools

	Number of Steps
	1

	Steps
	Select icon from Main Menu

	Short Cut
	W (Move), E (Rotate), R (Scale)

	Test Result
	Successful

	
	

	
	

	Task
	Inserting Edge-Loops

	Number of Steps
	3

	Steps
	Loops > Insert Loop > Select Edge

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Extruding Components

	Number of Steps
	1 (Via shortcut)

	Steps
	Polygon Modelling > Polygons > Extrude

	Short Cut
	Shift+E

	Test Result
	Successful

	
	

	


	




	Task
	Mirroring Objects

	Number of Steps
	2

	Steps
	Tools > Mirror

	Short Cut
	None

	Test Result
	Successful

	
	

	
	

	Task
	Attaching Objects

	Number of Steps
	3

	Steps
	Modify > Attach > Select Mesh to Attach

	Visual Aid
	None

	Test Result
	Successful

	
	

	
	

	Task
	Welding Vertices

	Number of Steps
	3

	Steps
	Highlight Vertices > Modify > Weld

	Visual Aid
	None

	Short Cut
	None
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Tool Behaviour:
To insert an image as reference into Maya, an orthographic perspective must first be chosen. Opening the View drop down menu, and selecting the Image Plane option, opens a browser from which a file must be selected. This creates a polygon plane with the same proportions as the attached image (see appendix, image 1). The plane is automatically placed in the centre of the grid, facing the orthographic camera that was active when the image was imported.  
In 3Ds Max, a polygon plane must be created and assigned with a new material, which is created in the Material Editor. An image file must then be linked to the material via a browser in the Material Editor. Finally, the polygon plane must be scaled manually to match the proportions of the reference image, and placed in the centre of the grid (see appendix, image 2).

Comparison:
Placing concept art into Maya required a total of six steps; three to choose the orthographic perspective, and three to create the image plane. The proportions of the image were automatically considered when the plane was created, meaning the concept art was not stretched and the geometry did not have to be scaled. As the image plane was placed in the centre of the grid, facing the correct direction, it was ready to be used without any further adjustments. 
Adding the concept art in 3Ds Max, in comparison, was a more manual process, requiring a total of fifteen steps which are detailed in the results section. Knowledge of material creation and editing was required, for which the official documentation had to be accessed.
Placing and rotating the plane added additional steps to the procedure, however, having to rescale the image manually on the X and Y axis, meant the dimensions of the image were not 100% accurate. This could result in an artist producing a model with incorrect proportions, although for this test, the size difference between the models created in Maya and 3Ds Max were not noticeable. 
More accurate results could have been achieved by measuring the X and Y scale of the reference image and typing in the values into 3Ds Max. 
Maya’s process proves that inserting reference images can be a quick, semi-automated process which ensures artists are following the correct proportions. This is a feature that should be adopted in 3Ds Max to provide a faster, more accurate work flow. 
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Tool Behaviour:
The quickest way to create a polygon primitive in Maya, is to select the Modelling drop down option and chose the Polygon Modelling Tab. Following these two steps, clicking the icon depicting the desired shape automatically places the polygon primitive in the centre of the grid (see Image 1). Alternatively, in the Create menu, the Polygon Primitives option provides a list of selectable shapes. The values for the X, Y and Z axis can be altered in the settings, which will be applied every time the primitive shape is created. 

[image: ]
Image 1: By default, newly created objects are placed in the centre of Maya’s grid

In 3Ds Max, there are several ways to create polygon primitives. The first way involves selecting the Create tab in the Command Panel and clicking on the name of the shape. Holding down the left mouse button and dragging the curser across the screen, scales the object on the X and Z axis (width and depth). Letting go of the left mouse button and moving the curser, scales the object on the Y axis (height) (see appendix, image 3 and 4). The positioning of the newly created mesh is determined by the location of the mouse curser. 
For shapes with equal measurements on all axes, such as a cube or a sphere, the Creation Mode can be used. Clicking and dragging on the screen, in this mode, will create and uniformly scale the object on all sides. Where the mesh is placed, again relies on the positioning of the mouse curser. 
Finally, with the title of the polygon primitive selected, the Keyboard Entry mode can be used. Here, the X, Y and Z scale values must be entered before the Create button is used to place the object in the scene. The X, Y and X values for the positioning of the shape can also be entered, but by default they are set to 0, which places the mesh in the centre of the grid. 
To make it easier to distinguish between different meshes, 3Ds Max assigns different colours to every new object (see appendix, Image 5). “Making objects different colours allows you to more easily distinguish between two objects for selection and transformation.” (K.L, Murdock, 2009).

Comparison:
For the test, a polygon primitive had to be placed in the centre of the grid. In this case, there were fewer steps in Maya’s workflow due to the automatic positioning of newly created meshes.
The Creation Mode in 3Ds Max was the quickest way to create a new shape in the program, but it wasn’t automatically placed in the centre of the grid, adding an additional step to the workflow. 
Compared to Maya, 3Ds Max offered a variety of options to create primitive shapes. However, the only method which automatically placed objects in the centre of the grid, was the Keyboard Entry mode. If this was an option for all methods, the box shape could have been dragged out from the centre of the grid to match the concept art on all axes, without requiring further adjustments. 
Having different colours assigned to new objects helped to distinguish between different parts of the robot in 3Ds Max. As such, this is a feature that could prove useful if adopted by Maya. 
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Tool Behaviour:
The Outliner in Maya presents a list of all objects in the scene, including cameras, lights and geometry, and can be opened by clicking the icon in the Quick Layout Menu (See appendix, image 6). The types of objects that are listed can be customised by clicking on the Show option at the top of the Outliner. 
By default, new objects are given the prefix of a lower-case p, for polygon, followed by the name of the shape and an iteration number (for example, pCube1). Duplicating the object increases the iteration number by one (for example, to pCube2).
Alternatively, selecting the object and clicking on the Attribute Editor tab in the Side Bar Icons, allows for the object to be renamed which automatically updates the title in the Outliner. 
3Ds Max uses the Scene Explorer, which initially only displays geometry, but allows users to add objects, such as lights and cameras, by clicking on their icons (see appendix, image 7). The Scene Explorer is open by default and located to the left of the interface, but can be hidden by clicking Toggle Scene Explorer in the Main Toolbar. A new object is given the name of its original shape, followed by three digits to determine its iteration (for example box001), but can be renamed in the Scene Explorer. Duplicating an object automatically opens the Clone Option Box in which the object can be renamed. 

Comparison:
Maya and 3Ds Max both offer similar solutions to keep scenes more organised. In Maya, having the option to only display geometry allowed for objects to be selected with ease from the Outliner. The same can be said for 3Ds Max’s Scene explorer, which only displayed geometry by default. 
During the test, the Clone Box in 3Ds Max prompted duplicated objects to be named as soon as they were created, which later helped to identify many individual parts of the model. However, newly created objects were often not renamed until they had to be selected from the Scene Explorer.  
The Outliner in Maya was often filled with objects assigned with the default naming convention, making it difficult to distinguish between meshes until they had been renamed. 
Naming objects in 3Ds Max required one step less than in Maya, as the Scene Explorer was already open and ready to be used, but improvements can be made to both systems. 
Objects should always be given an appropriate title, as this allows for faster identification and selections. However, this can be overlooked which will result in a back log of objects that need to be renamed. Implementing a prompt to name newly created and duplicated objects with a pop up menu could help solve this issue. 
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Tool Behaviour: 
Holding down the Space Bar in Maya opens the Hot Box menu. With the Hot Box menu open, holding down the left mouse button and dragging the curser over the Maya icon opens the Marking Menu (see appendix, image 8 and 9). From here, the front, back, left, right, top and bottom orthographic perspective cameras can be selected by highlighting their labels and releasing the left mouse button. 
Selecting the Four Panes icon splits the viewport into four segments, each providing a different camera view (see appendix image 10). By default, the perspective view as well as the front, top and right orthographic views are displayed. However, these can be altered by hovering over a viewport segment and changing the camera in the Marking Menu. 
Right clicking Four Panes icon reveals the options to split the viewport into two, three or four segments. 
In 3Ds Max, the View Cube is an icon displayed in the right corner of the viewport, which is used to control the scene’s camera (see image 2). “Its purpose is to show the current orientation of the viewport, but it is also interactive and provides a way to quickly move among the different views” (K. L Murdock, 2013)
Clicking on the arrows located on the side of the View Cube switches between the left, right, front and back orthographic views, whilst clicking on the top and bottom arrows switches between top and bottom orthographic views. 

[image: ]
Image 2: 3Ds Max’s View Cube
Selecting the Quad Four Icon, splits the viewport into four segments (see appendix image 11). Here, the default views per segment are the top, front and left orthographic cameras, and the perspective camera. With a segment selected, different camera views can be cycled between using the View Cube’s arrows. The Standard Viewport Layout menu, located above the Four Panes icon, allows the viewport to be split into two, three or four segments. 
Comparison:
Maya and 3Ds max both offered quick access to split viewports with customisable perspectives, without having to access submenus. This allowed for the robot to be edited in a perspective view, whilst ensuring the geometry matched the concept art from all angles in the orthographic views. 
However, Maya’s options to switch between orthographic views are located two submenus deep, compared to the View Cube in 3Ds Max, which is always displayed in the corner of a viewport. In addition, opening the Marking Menu required a combination of buttons to be held down, the mouse curser to be dragged, and the buttons to be released. On several occasions, the cursor wasn’t over the Maya icon when it was dragged, or a button had been released too early, which resulted in incorrect selections being made. Having an icon in Maya’s viewport to cycle between cameras could fix this issue. 
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Tool Behaviour
Holding down ALT and the left mouse button in Maya allows for the camera to be rotated around the model in Perspective Mode, by moving the curser across the screen. Panning is controlled by holding ALT and the pressing down the middle mouse button, whereas zooming in and out is controlled by scrolling the middle mouse button. 
3Ds Max allows for the camera to be rotated in perspective mode by holding down ALT and the middle mouse button, and moving the curser. To pan across the screen, the middle mouse button must be held down, and zooming is controlled by scrolling the middle mouse button. 
Alternatively, the View Cube can be used to control the camera in 3Ds Max. Clicking and holding the left mouse button over the View Cube enables the camera to be rotated by moving the mouse in any direction. 

Comparison 
When using the keyboard and mouse combination, the perspective cameras in both applications operated in comparable ways.
The key bindings, in Maya and 3Ds Max, allowed for all the controls to be accessed whilst keeping the left hand in the same position. This resulted in smooth transitions between rotating the camera, panning and zooming in and out.     
The View Cube in 3Ds Max required the mouse curser to moved away from the model, and into the corner of the view port, every time the camera needed adjusting. This slowed down the workflow, and as a result the View Cube was not used to control the perspective camera during the test. 
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Tool Behaviour
In Maya, holding down the right mouse button and dragging the courser across the screen opens the Pop up Menu (see appendix image 12). Here, Vertex, Edge or Face options can be selected by highlighting them and releasing the right mouse button. Alternatively, Vertex, Edge and Face selection are mapped to the F9, F10 and F11 keys, respectively.
In 3Ds Max, clicking the right mouse button whilst hovering over the viewport opens the Quad Menu, where the different component modes can be selected. Alternatively, the Vertex, Edge and Face modes are accessible by clicking on the Modify tab in the Command Panel, and selecting the relevant icon (see appendix image 13).

Comparison 
Selecting components worked very similar in 3Ds Max and Maya. Using a keyboard and mouse combination, both programs required three steps; press the right mouse button, chose a Vertex, Edge or Face mode, and click on the desired component. 
Maya’s shortcuts provided a faster workflow, allowing for component modes to be selected in a single step, without having to move the cursor away from the model.
Shortcuts for selecting component modes in 3Ds Max could help users speed up their process, but currently none are listed in the official documentation. 
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Tool Behaviour:
In Maya, the Manipulator is a tool which is displayed in the viewport when a component or mesh is selected, and the Move, Rotate or Scale tools are active. The appearance of the manipulator changes depending on which tool is currently in use. Three handles, pointing down the X, Y and Z axes, are used to move and scale components, which are replaced with three rings to control rotations. (see appendix image 14, 15 and 16)
Clicking and dragging on centre of the Manipulator transforms the selection on all three axes at once, allowing for components to be rotated in any direction, scaled uniformly or to be moved around the 3D space without constraints.
Switching between the Move, Rotate or Scale tool is controlled by pressing the W, E and R keys, or by clicking on the icons in the Tool Box. Like in many other 3D packages, such as Cinema 4D, Unreal Engine 4 and Unity 5, the handles and rings representing the X axis are coloured red, whereas green is used for the Y axis and blue is used for the Z axis. Computer graphics engineer, Kelly L. Murdock explains, “To keep the various gizmo colours straight, simply remember that RGB = XYZ” (K. L. Murdock, 2018)
3Ds Max uses the Transform Gizmo, which behaves almost identically to Maya’s counterpart. The X, Y and Z axes are represented by red, green and blue colours respectively, and the Move, Rotate and Scale tools are also assigned to the W, E and R shortcuts. 
Visually, the Transform Gizmo changes depending on which tool is active, with handles being used for moving and scaling, and rings for rotations see appendix image 17, 18 and 19). The Main Tool bar provides alternative access via icons for each of the transformation tools. 

Comparison: 
Moving, rotating and scaling components in Maya and 3Ds Max highlighted no noticeable differences during the test.
Instead of assigning a tool’s first letter as the keyboard shortcut, the W, E and R keys are used in both programs for faster access. “It may seem strange for the default hot keys to be W, E and R for Move, Rotate, and Scale, but because the keys are right next to each other on the keyboard, selecting them is easy. These are without doubt the hot keys you will use most often”, explains visual effects supervisor and author, Dariush Derakhshani. (D. Derakshani, 2009) 
The button layout in Maya and 3Ds Max allowed for the transformation tools to be selected quickly and easily, but also ensured that the perspective camera controls could be reached from the same position. 
The visual feedback provided by the Manipulator and the Transform Gizmo, created a persistent awareness of which transformation tool was active during the test. The shared colour scheme for the X, Y and Z axis, combined with the aforementioned similarities, allowed for a seamless transition when working between Maya and 3Ds Max. 
It is worth mentioning that both programs allowed for X, Y and Z values to be entered for precise transformations, however this was not required when carrying out the test, as components were manually moved into position to match the concept art. 
[bookmark: _Toc500317228]Inserting Edge-Loops

Tool Behaviour:
Maya’s Insert Edge Loop tool is accessible from the Mesh Tools drop down box, located in the Menus tab. Once selected, a new loop can be placed by hovering over an existing edge and holding down the left mouse button. Moving the curser allows the new loop to be slid along the selected edge, providing a preview of where it will be placed when the left mouse button is released (see appendix image 20). 
The Swift Loop tool in 3Ds Max can be found by selecting the Modelling Tab in the Ribbon and opening Edit drop down menu. Hovering over an edge with the tool selected, provides a preview of where the loop will be positioned before it is placed with a click of the left mouse button (see appendix image 21). 

Comparison:
The Insert Edge Loop tool in Maya and the Swift Loop tool in 3Ds Max achieved the same results and largely behaved the same way. Both tools provided previews, allowing for loops to be accurately positioned over the concept art before being placed. Which tool would be better suited to an artist would again come down to personal preference. 
However, both programs would benefit from keyboard shortcuts to activate their edge loop tools, as this could result in a speedier workflow.  
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Tool Behaviour:
In Maya, a component must first be selected before the Extrude function is activated from the Edit Mesh menu, or by using the CTRL+E shortcut. Doing so opens an options box in which the thickness, transformation values and number of subdivisions can be entered. Alternatively, the Manipulator can be used to transform the selected component manually (see appendix image 22).
The Extrude tool in 3Ds Max can be activated by selecting it from the Edit menu in the Polygons tab, or by using the Shift+E shortcut. With the tool active, clicking and holding the left mouse button over a component allows it to be extruded manually, by moving the mouse back and forth (see appendix image 23). When the left mouse button is released, the new extrusion becomes part of the geometry. 
Below the Extrude icon in the Polygon menu, an arrow can be selected to open the tool’s settings. Here, values can be entered which allows for more precise extrusions.

Comparison:
Both tools worked very similar to each other, with the only noticeable difference being that Maya required a face to be selected before the tool was activated, and 3Ds Max required the tool to be active before the face was selected. 
Although all components were extruded manually during the test, it is worth noting that 3Ds Max’s Extrude shortcut does not open the settings menu. If a project required precise measurements to be entered, the shortcut in 3Ds Max would be rendered useless, and the settings would have to be accessed for every extrusion. Like Maya’s tool, pressing Shift+E in 3Ds Max should open the settings menu so users can decide whether to manually extrude a component, or enter the desired values. 








[bookmark: _Toc500317230]Mirroring Objects 

Tool Behaviour:
With a mesh selected in Maya, activating the Mirror tool duplicates the object on the X axis by default (see appendix image 24). Any overlapping polygons are deleted and overlapping vertices are merged. An options menu automatically opens, allowing for further customisation, such as which axis to mirror the mesh on and whether there should be an offset between the original object and the duplication. 
In 3Ds Max, activating the Mirror tool, mirrors the selected object on the X axis, but doesn’t create a duplicate. The tool settings menu opens automatically where the Copy option must be enabled, which generates the duplication (see appendix image 25). Overlapping faces must be deleted manually either before or after the Mirror tool is used. 
The original mesh and the duplication are treated as individual objects. Selecting one mesh, activating the Attach tool, then selecting a second object, combines them as one object (see appendix image 26).  
Finally, overlapping vertices in the centre of the object must be highlighted before activating the Weld tool to merge them together (see appendix 27). 

Comparison:
The methods available in Maya and 3Ds Max both achieved the same results during the last stage of the test. All parts were successfully duplicated on the X axis to make a full model, overlapping geometry was deleted and vertices in the centre of the robot’s body were merged. 
However, whereas Maya required a single tool to be used, which produced the desired results in three steps, 3Ds Max required three separate tools and a workflow with eight steps to achieve the same results.







[bookmark: _Toc500317231]Conclusion 
As confirmed by the results, both packages offered the tools necessary to complete every task, and model the 3D asset (see appendix image 28).
Many of the tools in Maya and 3Ds Max worked in similar ways, which would allow artists to switch between packages and feel familiar with a range of functionalities. 
Both applications have their strengths and weakness, and could benefit from adopting some of each other’s features. For example, 3Ds Max does not offer keyboard shortcuts for different component selection modes, and selecting orthographic cameras in Maya is made needlessly complicated, compared to the quick selection the View Cube offers. 
Judging by the quantifiable element of the test (the number of steps required per task), Maya offered the more efficient workflow:
· Four out of ten tools required less steps to carry out the tasks described in the methodology. Overall, a total of 24 steps were required to carry out every task in Maya.
· In 3Ds Max, two out of ten tools provided the faster workflow, with a total of 38 steps required to complete every task. 
· Four tools required the same number of steps in Maya and 3Ds Max.
[bookmark: _GoBack]However, several tools were not examined during this study. In addition, the usage of the tools discussed, were limited by the requirements of the tutorial, which left many functions unexplored. Despite the test’s results, further research would be required before a decision could be made on whether either packaged offers a more efficient workflow. 










[bookmark: _Toc500317232]Further Work
A more elaborate test, that evaluates the full range tools and their functionality, would be required to determine which workflow is more efficient. A rating system for tool behaviour and efficiency could provide a quantifiable result to draw a conclusion from. 
In addition, the subject was an experienced Maya user, which is why timing did not play a factor. Yet further tests could be carried out with inexperienced users, to determine whether more steps in a workflow would directly translate to more time. 
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Appendix Image 1: Image planes in Maya automatically inherit the aspect ratio of the concept art
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                        Appendix Image 2: Image planes in 3Ds Max need to be scaled manually
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Appendix Image 3: Manually scaling the width and depth of a new object in 3Ds Max
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Appendix Image 4: Manually scaling the height of a new object in 3Ds Max
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Appendix Image 5: Different colours are automatically assigned to new objects in 3Ds Max
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Appendix Image 6: Maya’s Outliner
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Appendix Image 7: 3Ds Max’s Scene Explorer
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Appendix Image 8: Maya’s Hotbox
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Appendix Image 9: Maya’s Marking Menu
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Appendix Image 10: Maya’s split viewport
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Appendix Image 11: 3Ds Max’s Split viewport
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Appendix Image 12: Maya’s Pop Up Menu
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Appendix Image 13: 3Ds Max’s Component Selection
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Appendix Image 14: Maya’s Manipulator with the Move Tool active
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Appendix Image 15: Maya’s Manipulator with the Rotate Tool active
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Appendix Image 16: Maya’s Manipulator with the Scale Tool active
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Appendix Image 17: 3Ds Max’s Transform Gizmo with the Move Tool active
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Appendix Image 18: 3Ds Max’s Transform Gizmo with the Rotate Tool active
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Appendix Image 19: 3Ds Max’s Transform Gizmo with the Scale Tool active
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Appendix Image 20: Maya’s insert Edge-Loop preview
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Appendix Image 21: 3Ds Max’s Swift Loop preview
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Appendix Image 22: Using Maya’s Extrude tool shortcut 
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Appendix Image 23: Using 3Ds Max’s Extrude tool shortcut
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Appendix Image 24: Maya’s Mirror tool
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Appendix Image 25: 3Ds Max’s Mirror tool
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Appendix Image 26: Attaching two objects in3Ds Max’s 
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Appendix Image 27: Welding Vertices in 3Ds Max
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Appendix Image 28: Finished Assets (Model created in Maya to the left, model created in 3Ds Max to the right)
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