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3D: the basics 

 When you hear the words “3D modelling”, what is the first thing that you think of? For many of you, 

I would guess that you would associate 3D modelling with games and films. But first things first, 

what actually is 3D modelling?  Well, 3D modelling is the process of developing a 3D model that is 

specialized for the job. Although, it is used in so many parts of life in this day and age that some of 

you may be surprised. 

 

While I will be talking about games and film at 

some point, let’s start with an area that 3D can 

be applied to that is a bit less obvious. Now 

that 3D has become more popular, it is being 

used in other areas such as the engineering 

industry. In engineering, three dimensional 

models of new devices, vehicles and structures 

are created using CAD (computer aided design) 

programs.  

 

 

 

Architecture also makes use of 3D software; 3D 

models can be built on computer during the 

planning stage of production. This is where 3D 

modelling can save time because if the plans 

were paper-based, you would be required to 

draw multiple designs from different angle to 

understand the full design. A 3D model on the 

computer will allow you to rotate around the 

model or allow you to make changes easily.  
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Following along with the more unusual industries, another area that 3D models can be used is in the 

medical field; whether that involves meetings/briefs or the training of new staff. For example, 3D 

software could be used to create a detailed model of the human body; whether that is organs, 

muscle structure or the human skeleton. 

As we progress through the years, our technology is constantly evolving and as a result, it works its 

way into more and more sectors of our lives. The education system is one of these sectors. As 

younger generations gain a better understanding of the latest technology, it allows the schools and 

colleges to upgrade their teaching methods. Where primary and secondary schools used to have 

regular computers, they are now bringing in Apple Macs and the technology is used almost 

constantly. Various fields of education in university such as medicine, engineering and of course, the 

gaming fields can use 3D software and modelling in order to understand the theory of their subject, 

to simulate practical situations or can be used as part of an assignment. For example, medical 

students could study a three dimensional model of a patient that has a bleed of an organ or 

engineering students could look for and identify problems with a car engine. 

 The graphics pipeline is extremely important in the 3D industry as it is simply a professional term for 

the process that goes into the production of a 3D environment or a game for example. If you study a 

graphics pipeline, it tends to be broken down into sections which I will discuss to you in more detail. 

But the first phase of a pipeline is one that isn’t always considered by people as an official part of 

production; the pre-production phase. This is simply where all the ideas are thrown around until an 

overall look is created for the character or an environment. Little details are discussed and chosen 

such as the ideas for the colour scheme and character details (e.g. fur) and concept artists produce 

designs while sometimes working with digital sculptors to produce mock designs which can then be 

handed onto the next stage in the pipeline. 
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After the pre-production, the 3D modelling comes in at full force. Any concept art and ideas that 

have been created have to be turned into a 3D model that can be animated by the animators later 

on. To inform you more about what 3D modelling involves, there are two techniques in the 

modeller’s toolset that are major; polygonal modelling and digital sculpting. But what pray tell, are 

the differences? Well, sculpting tends to focus on more organic models such as characters. \this 

means that sculpting would be good to use for the main character or humans and animals. The 

polygonal modelling is better for mechanical/architectural models. So, models made with this 

method could include buildings for example. Or say if you were making a war game, polygonal 

modelling would be more effective in producing a tank. 

While a 3D model can look pretty impressive, they tend to look more realistic if they are textured. 

The shading and texturing stage of the pipeline is where different materials, textures and colours are 

added to the 3D model. An important part is that a different shader-material is given to every 

component of a model to help with lighting and to give it an appropriate look. For example, an 

object made of glass will be given a partially transparent material and will refract light while a plastic 

object will have a glossy, reflective shader. Lighting is very important because the right lighting can 

enhance a scene but if you get it wrong, a scene can be destroyed. To make lighting believable, it has 

to look realistic enough and needs to get across the director’s intended mood. You need to look at 

how bright the lighting is and the colouring of the light. For example, an environment that has 

lighting which is dimmed and green would suggest an evil atmosphere while a brighter, sun coloured 

light would represent a more positive environment. 

You next have animation in which any models that require movement or will be controlled by the 

player needs to be animated. This is done by the means of a virtual skeleton or “rig”. This allows the 

animator a lot of control over a model including the control of its arms, legs, facial expressions and 

posture. The final phase of the graphics pipeline is rendering and post-production in which the 

lighting is finalised and special effects are added such as explosions and depth of field blurring. The 

post-processing involves tweaking anything needed such as the brightness, colour or contrast but 

this would be done in image manipulation software following render time. 

Geometric theory is probably something that you don’t hear about regularly but it is a very 

important part of 3D modelling. Every 3D object is made up of a static mesh but this can also be 

changed into an animated mesh if a character is rigged. But how are these meshes created? I don’t 

mean ‘how are they modelled’ though I will certainly be bringing that up later but I was looking 

along the lines of what stages come before the mesh. 

Let’s start at the very 

beginning: a single point is 

called a vertex. However if 

you are looking for a more 

detailed explanation, it is a 

mathematical location in a 

3D space that is defined by 

the X, Y, Z location. These co-

ordinates are very important 
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in 3D modelling as it means that 3D models can be broken down into co-ordinates and also allows 

you to specifically choose a location for a 3D model to be placed. For example, 0, 0, 0 is the most 

common position on stage for 3D models to be placed. A system that can be used for co-ordinates is 

the Cartesian co-ordinate system. This system is a way to locate co-ordinates based on an origin and 

the distance of the points from two or more axis (X, Y, Z). But how exactly is this system used in 3D 

software? Well, the Cartesian co-ordinate system produces an illusion of working in three-

dimensional space and was create by Hermann Minkowski. This was done by taking a 2-dimensional 

co-ordinate system and adding the Z-axis to the X and Y axes that already existed. Now if you take 

two vertices and connect them together, it creates a line that is more commonly known as an 

edge/spline. The next step up is three or more edges/splines joined together and this creates a 

polygon (poly). Finally, joining up multiple polygons will give you a mesh. 

As promised, let’s look a bit more at the actual modelling in 3D software. Examples of software that 

can be used are 3ds Max and Mudbox. 3ds Max is more for polygonal modelling while Mudbox is 

designed to be used for digital sculpting. There are many varieties of 3D modelling software; for 

example Maya and 3ds Max can both be used for modelling and animation. But for now, I want to 

look more into polygonal modelling and what I speak of will tend to refer to 3ds Max as it is the 

software that I use. A lot of models start off as really simple 3D shapes which are known as object 

primitives. Examples of these shapes would be cubes, spheres and cylinders. As well as the standard 

primitives, you also have the extended primitives which consist of 3D shapes such as a spindle and a 

prism. Though something that a lot of people find amusing is that there is a model of a teapot in the 

standard primitives list in 3ds Max. Why on earth is a teapot considered to be an object primitive?  

Basically, it started in 1975 with a man named 

Martin Newell. The teapot comes from the 

original date that he developed. Martin Newell 

created a wireframe model by calculating cubic 

Bezier splines. During this period, early renderings 

of the teapot model were produced by James 

Blinn of an amazing quality as the teapot model is 

excellent for testing different material mappings 

and rendering settings. 

 

There are many different 

ways that you can 

effectively create a 3D 

model. An effective way to 

create a 3D model is to 

convert a standard primitive 

as it allows you to 

manipulate the mesh in 

different ways. The example 

I created on the left is a box 
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that has been converted into an editable poly and the top face has been ‘Bevelled’ first before I 

extruded the face outwards. This would be a simple way to build a structure for something like 

buildings.   

 

Spline modelling is another effective modelling method as you can draw a line and then change it 

into a 3D model. This can be effective for things such as pipes or hoses. By drawing a line (above) 

and selecting the “Sweep” modifier, you can change your line in to a 3D object (below) and you can 

also change the type of shape; if you didn’t want a rounded tube, you could make it square. 
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Problems that can occur often with 3D modelling are the constraints. There are 3 main constraints 

which are file size, polygon count and rendering time. In the past, file sizes would have been a big 

issue. The polygon count is probably one of the most important limitations. Let’s take a look into the 

gaming industry as an example. The higher the polygon count, the more processing power is needed. 

This increase in required processing power means that less is used for everything else that is 

required in a game. As our technology advances, the polygon limit is something that increases. The 

game ‘Project Gotham Racing 2’ was released in 2003 for the Xbox and if we take a look at the 

polygons for the vehicles, the polygon count was 10,000 polygons. Now go forward to when the 

Xbox 360 was released and running. ‘Project Gotham Racing 3’ was released for this console in 2006 

but the new technology meant that the polygon count for the vehicles was now 80,000 – 100,000 

polygons.  

As shown in the image on the left, the 

more polygons that make up the 

model, the smoother the model will 

turn out to be and generally more 

realistic too. But 3D modelling tends to 

be a balancing act between finding out 

what looks good and limiting the 

number of polygons so that the render 

times are reduced. 

 

 

The process of 3D modelling as you may have figured out is an extremely complicated 

process which does mean that you require knowledge of how it works to pursue many 

careers that involve it; particularly jobs that involves modelling regularly. I think personally 

that as the years go on, 3D modelling is going to continue improving and increasing, 

meaning that it’s going to start appearing in other areas of our lives. But where and how… 

only time will tell. 
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