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Learning Objectives 

 Learn how to create realistic materials with the Physical Material and Arnold Standard 
Shader. 

 Learn how to develop PBR materials with OSL nodes. 
 Learn how to manage material libraries and textures. 
 Learn how to implement Arnold as a renderer solution for architectural visualizations. 

 
Description 
365 Materials Challenge started as a case study to create realistic materials. The goal: create 
one physically based rendering (PBR) material per day. In this demo, we'll learn how Open 
Shading Language (OSL) maps and Arnold Renderer helped achieve this goal. We'll explain 
how to make the transition from 3ds Max legacy maps to OSL maps, and describe some tips 
and techniques for making the best use of OSL maps. Then we'll show how to create 
photorealistic materials with Arnold Renderer with OSL maps and Arnold's Standard Surface. 
Then, we'll see how Autodesk’s Physical Material is the best material for studios and individuals 
handling multiple renderers. Lastly, we'll look at techniques for starting to use Arnold Renderer 
for architectural visualization, and explore why it is such a powerful tool. 
 
 
Speaker 

 
Ciro Cardoso is a self-taught 3D artist with more than 15 years of 
production experience in the animation and visualization industry. 
Currently working as an artist at Hayes Davidson where his focus 
is R&D. His skill-set encompasses a wide range of productions 
and DCCs. 
 
Ciro is also the author of four books about Real-Time technology 
for Architectural Visualizations.  
 
https://www.linkedin.com/in/cirocardoso/ 
Twitter: @Cyrus3v 
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Introduction to the 365 Materials Challenge 
Creating visualizations is a remarkable and complex topic, as a wide range of elements 
contribute to producing phenomenal artwork. All stages of the process are essential, but for 
materials, it's the small details, almost invisible to the eye, that helps to achieve the 
photorealistic look. Even if you aren't seeking to create realistic imagery, the truth is that 
materials are an essential part of this process. In a production environment and with tight 
deadlines, this can be a "rush stage" where we use whatever is available, which does not 
necessarily equate to quality. I developed an immense passion for producing materials as 
realistic as possible, with all of the small dents, scratches and patina that, although not entirely 
visible, adds layers of realism. 
 
Tired of using premade materials, with basic textures, I decided to challenge myself to produce 
one unique material each day over an entire year. On paper, this seems considerably simple: 
one material each day should be something relatively straightforward. However, this simplistic 
personal project drove me to places and led to opportunities that would have previously never 
crossed my mind. 
 
The first lesson is, never underestimate the power of personal projects. Seldom will you have 
time during working hours to spend on fine-tuning your skills or learning new techniques, but 
personal projects will help you to develop and to grow as an artist. Everything learned on 
personal projects can be readily implemented in a professional workflow. 
 

The learning process 
Building materials involve the perfect combination of different elements. It consists of having 
references, textures, a look development scene with various lighting conditions for testing and 
finally a good shader. When you divide this process into these steps, you can see that there are 
a lot of different stages that can be explored and mastered. Something that seems so simple is 
a somewhat complex process. Still, the secret to being successful in creating good materials is 
for you to develop your method or structure so that you feel confident that the previous steps 
you took are working and building towards a solid material. 
 
On this handout, I will share with you some of the tips, tricks and techniques that I learned and 
developed while creating 365 materials. Let’s start with the first steps. 
 
 
Initial Step - Get good references 
The first step is always, but always use a good set of references. The reason why this is so 
important is that not using references seriously impacts your growth as an artist as this is a 
crucial learning tool. When you feel that something isn’t working on the material, for example, 
doesn’t look like concrete, metal or wood, it is because you aren’t using references, but instead 
relying on your memory. This workflow is a dangerous path that will jeopardize your growth. 
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Figure 1 - Yes, of course I’ve seen a cat. I don’t need a reference 
 
How do you begin? Create a folder for references. Organize it by categories and don’t assume 
that one or two references will be enough. As an example, there are multiple variations of brass. 
You can have clean, brushed, patinated and even the colour can be different depending on the 
proportion of copper and zinc used. Other materials are even more complicated and with more 
permutations like concrete, as an example. Having these references at hand will guide you to a 
realistic look. Something that can help you with that is this free software called PureRef. It is 
available for Windows, macOS and Linux and it is based on donations, so if you like me love 
this excellent tool, don’t forget to donate. 
 

 
  

Figure 2 - Example of PureRef being used with a couple of references 
 
PureRef works like a floating window that enables you to check the set of references. You can 
save a collection of references; add notes; transform and organize the images into a nice layout. 
Adding photos is as simple as click-and-drag an image from a browser to PureRef. It is an 
efficient tool that I highly recommend and it will make this process so much smoother. 
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Textures for a PBR workflow 
In simple terms, PBR (Physical Based Materials) is a concept or a workflow that helps create 
materials that will look good in any lighting condition. These set of textures have a massive 
impact on the quality of a material. You may feel tempted to use Google as a way to find 
textures. There are some hidden gems where you can get some great wood and marble 
textures, but in the majority of cases, you will probably find a lot of low resolution textures. At the 
same time be aware of some websites that sell "PBR" textures. PBR is now being used to sell 
almost anything, but necessarily you are getting the best quality. 
 
If you have access to a preview or a sample, visualize the texture at 100% and look at the 
corners. If the corners are blurred, then don't waste your time. Having the corners and the 
edges blurred means that when you use the texture any tilling you do will be quite visible as 
there will be a difference of sharpness in certain areas. As you can guess, this will have an 
impact on your material's quality. 
 
Of course, there are places where you can get some high-quality textures; here are some that I 
recommend: 
 

● Arroway Textures – Professional Textures 
● Friendly Shade – Home of Textures For 3D Artists 
● RD-Textures: Realistic & Accurate 3D Scans for CG | PBR, Photogrammetry & 

Displacement Textures 
● Texture Haven 

 

Substance Designer 
I used SubstanceDesigner to create the majority of the textures. Most of the time, it 
isn't easy to find that particular marble or wood texture that the client wants. If you are 
fortunate, you may get a tiny reference from the client to show how the material should 
look, and this is why SubstanceDesigner is such a powerful tool to learn. Initially, 
learning this software may seem like a quite daunting task, so my recommendation is to 
make great use of the free credits you get with your subscription. With these credits, you 
can download materials (30 per month), open the file with Substance Designer and 
see how that particular material was created. 
 
By learning the basics of SubstanceDesigner, you will feel comfortable enough to 
tweak that marble material to something closer to the client's reference. Another big 
advantage of using this tool, is that you aren't limited in terms of resolution, as you can 
export up to 16K if required. Another significant point is, as this is a procedural tool, you 
can create infinite variations of that material, which will help you avoid tiling on larger 
models. Just hit the random button and export the textures. 
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 Figure 3 - Substance Designer - with a material that I created. Everything is fully procedural 

which allows for endless outputs. 
 
An extra benefit of using SubstanceDesigner is that you have access to more than 
4000 materials on Substance Source. Therefore, while learning, you have a massive 
library at your disposal that will help to start using Substance materials. However, the 
textures you get are just the beginning; you would benefit by adding extra details and 
adjustments later in 3DS Max. 
 

PBR workflow 
Why is this PBR so important? Following a PBR workflow will ensure that the material 
you create looks good in any lighting condition. Obviously, you may need to do some 
minor tweaks here and there. However, before using a PBR workflow, a material you 
made for a specific lighting condition, let's say overcast day, would not necessarily look 
good on a full sunny day.  
 
This lack of a workflow introduced a lot of problems, as you had to almost remake 
materials from one scene to another, as they wouldn't look right if used in a different 
scenario.  And you can still see that when buying premade materials and models. The 
previews look amazing, but when you drop the model on your scene, it is flat, and the 
colours don't look right. 9 out of 10, the material isn't PBR. I will not go in-depth on this 
topic as you have some excellent articles that explain what PBR is and how you can use 
it. Below I listed by order some articles that will help you with that: 
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● Basic Theory of Physically-Based Rendering 
● Physically-Based Rendering, And You Can Too! 
● 37:00 The PBR Guide - Part 1 Foundation 
● 1:05:00 The PBR Guide - Part 2 Foundation 

 
Below is an example of the different textures that are used on a PBR workflow. 
However, not all the textures are necessary, as not all the materials will need the height 
and cavity texture. 
 

  
 

Figure 4 - From the left - Base Colour, Metal, Normal, Roughness, Height and Cavity 
 
Look Development 
Look Development or LookDev is the art of giving life to a model using textures, shaders and 
lighting. It is a fascinating stage as you get to see your material take shape, and the story you 
are telling begins to fall into place. The scene that I used to develop the look of my materials 
started with a free scene from Bertrand Benoit. You can find that scene by using this link: 
 

● Materials Other scene Vray BBB3 
 
Although this free scene is a good start, I eventually improved it, with more HDRI options, added 
a couple of LookDev assets, added Corona and Arnold lights in addition to the Vray setup. I 
also tweaked the cameras and added a setup to load different HDRIs with an OSL shader. So, 
to avoid any copyright issues, I will provide my scene for free, and all you have to do is merge 
Bertrand's shader ball and relink his HDRI. I am also providing a list of other free shader balls 
that you can download and incorporate into your lookdev scene. 
 

● Mastering CGI Shader Ball MK3 
● 89. Shader Balls for Arnold for Maya 
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● Redshift Shader Ball 
 
During the production of these 365 materials, one thing that I noticed is that sometimes the 
shader ball isn't enough. It would help if you had something with more detail, thin edges and 
crevices in particular when you are working with metals and with marble. With marble, it is 
essential having some thin edges so that you can adjust the Subsurface Scattering for each 
material. There are some places where you can find some excellent scanned models, which will 
bring some extra spice to your lookdev scene.  You can find a couple of those websites here: 
 

● Threedscans 
● Home | Scan The World 

 
A big thanks to Jahirul Amin, that provided some lookdev scenes for free: 
 

● LIGHTING 
 
The main idea behind the LookDev scene is that it is a place to test materials in different 
lighting conditions; therefore, it doesn’t need to be anything super complicated. As part of the 
scene that I am sharing, is this OSL setup that allows you very quickly changing the HDRI used 
to light the scene. 
 

 
 

Figure 5 - HDRI Loader done with OSL for 3ds Max 2020 
 
The two initial nodes are there first to set the Environment mode to spherical and the second is 
an OSL UVW Transform node to rotate the HDRI using the U Offset option. This output is 
connected to all of the OSL Bitmaps with different HDRI maps.  
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An excellent place to get free high-quality HDRI maps is the HDRI Haven website run by Greg: 
 

● HDRI Haven 
 
That is a setup you can use with 3ds Max 2020. As for 3ds Max 2021 you have the OSL HDRI 
Environment that simplifies a lot of this process. 
 

 
 

 Figure 6 - OSL HDRI Environment 
 
To switch between each HDRI map, I am using an OSL Color1ofN node. Here you can use the 
index to switch between the different HDRI maps, and finally, I am using an OSL 
ColorCorrection node for any final tweaks.  
 
If you want something simpler, Eloi Andaluz Fullà created a series of tools that will simplify even 
more this process. It is called HDRI Tools, and this video gives you an explanation of how it 
works and where you can get it: 
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Figure 7 - HDRI Tools 3ds Max 2021 
HDRI Tools 3ds Max 2021 

 
Maybe this initial glimpse of what is possible with OSL shows you that you have at your disposal 
a powerful tool that also provides flexibility when you have to manage multiple renderers. 
However, OSL maybe is something new for you, so let me share some useful bits that will help 
you start using OSL in your workflow. 
 
 
Using Open Shading Language (OSL) to produce PBR materials 
Open Shading Language (OSL) is a shading language developed by Sony Pictures 
Imageworks for use in its Arnold Renderer. However, it is now supported by other renderers 
such as Vray, Octane and Renderman, to mention a couple. What makes OSL so powerful is 
the ability to be renderer agnostic.  
 
As an example, let’s say you are using Vray and OSL nodes to load and adjust the textures. 
You then switch to Arnold and because you are using OSL all you have to do is replace the 
Vray with an Arnold material. You don't need to manually replace a Vray colour correction node 
with an Arnold colour correction node, because you are using an OSL Color Correction. This 
solution allows for tremendous flexibility when you need to use multiple renderers in-house. 
 
My workflow is now, perhaps 95% OSL based, as I still use some renderer specific nodes, like 
the curvature node in Arnold. This flexibility may sound something exciting, but you perhaps still 
feel a little bit lost on which nodes to use, so the following is a list of the most common OSL 
nodes that I use and how I use them. 
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OSL: Composite \ Layers 
OSL Composite is a very useful node to blend and mix different maps. One way I used 
this node is to combine two textures and use a curvature map as a mask. This technique 
can be used to add extra detail to the base colour, but I used it more to adjust the 
roughness map. However, when tweaking the roughness map sometimes I need more 
than two layers, so for that, I use the OSL Layers created by the talented artist Mads, 
and you can find this OSL node here: 
 

● Mads' shaders 
 
The roughness map can and should be a mix of different textures with details. The OSL 
Composite node allows you to extract those details by using the blending modes such 
as Darken, Average, Multiply, SoftLight and Overlay. There are no specific rules to 
which blending mode you should use; in the end, it is a matter of testing as each map 
will have different values, and it will bring something new into the equation. I cover the 
creation of complex roughness maps in further detail later on this handout. 
 

 
 

Figure 8 - An example of how you can mix different textures with the OSL Composite 
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So if you want to replace the Legacy Composite map, you can use the OSL Composite 
and OSL Layers. There is room for improvement, as the OSL Composite should have 
an option to add and remove layers.  
 
You can find this OSL node under MAPS | OSL | COMPOSITING. 

 

OSL: HDRI Environment and HDRI Lights 
With 3ds Max 2021, a new OSL node was introduced that helps tremendously with 
lookdev. The OSL HDRI Environment node is a standard HDRI loader, which allows 
you to add some ground projection and blur the background. But the real power comes 
when you can add other HDRI lights to complement the look and to create rim and key 
lights to highlight specific areas of your 3d model. There is a good video from Master 
Zap explaining all the details and how it works. You can check out the video here: 
 

  
 

Figure 9 - 3ds Max 2021 Rendering and Viewport Features 
 

3ds Max 2021 Rendering and Viewport Features 
 
 

You can find this OSL node under MAPS | OSL | ENVIRONMENT. 
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OSL: Multiply float 
The use of this node may not be entirely obvious, but I use it to control the strength of a 
bump or a displacement map. In particular with Arnold, the detail you get with bump 
maps are sometimes really strong, and since we are dealing with black and white data, 
this OSL Multiply node acts as an extra layer of control. The next figure shows how 
much detail can is extracted from a single map: 
 

 
 

Figure 10 - A map connected to the bump2d 
 

You could argue that Arnold Bump2D has a setting to control the height, but I want to 
avoid using values such as 0.001; thus, the reason to use an OSL Multiply for more 
refined control. The way it works is by connecting the output from the texture to the 
Multiply A value and changing the B value. Initially, it is set to 0 which will disable the 
bump map. The same principle applies if you are working with displacement or height 
textures. You can find this OSL node under MAPS | OSL | MATH FLOAT. 
 
 

 
 

Figure 11 - A multiply node adding and extra layer of control 
 

Page 12 



OSL: Material ID and 1 of N 
This next setup is a combination of three OSL nodes and is more applicable when you 
are texturing objects where polygons have a material ID. This technique is quite useful 
for floors, walls, bricks and trees. The process is quite simple: you need three OSL 
nodes. The first is the OSL Material ID, and as you can imagine, this gives you the 
material ID as a colour or a number.  
 
You can find this OSL node under MAPS | OSL | SCENE ATTRIBUTES. 
 
The second node is an OSL Bitmap Lookup (we will cover this later) to load the 
textures, and the third node is an OSL 1 of N (colour), which is a switcher. With this 
node, you can connect your textures, and the output from the OSL Material ID Index 
connects to the Index value from the OSL 1 of N node. This setup is a robust tool that 
allows you to add and remove inputs, and if needed, you can also use an OSL Object ID 
if you want to work with objects instead of polygons. 
 
You can find this OSL node under MAPS | OSL | SWITCHERS. 
 

 
 

Figure 12 - An example how to setup this material id switcher 
 

Above is a simple example of this node in action. If necessary, you may want to apply 
the MaterialByElement modifier to the geometry to get some random material IDs. 
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OSL: Bitmap Lookup \ UVW Channel \ UVW Transform 
To replace the Legacy Bitmap node, you have access to two OSL options: OSL Uber 
Bitmap and OSL Bitmap Lookup. You can see the differences in the figure below: 
 

 
 

Figure 13 - A comparison between OSL Uber Bitmap and Bitmap Lookup 
 

In simple terms, the OSL Uber Bitmap gives you more transformation controls, like 
scale, tiling and rotation, while the OSL Bitmap Lookup is a simplified version of it. 

 
However, what if you need to change the UVW Channel or control the tiling of multiple 
nodes? The OSL nodes available under the UVW Coordinates section gives you access 
to anything you need. I tend to use the OSL Bitmap Lookup and connect an OSL UVW 
Transform. I do this because, with just one node, I can control multiple textures, instead 
of manually having to change and adjust the tiling or rotation of textures used for the 
material. Below is an example of this setup in action:  
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Figure 14 - Quite practical having one node to update several  textures. 
 

You can find this OSL node under MAPS | OSL 
 
OSL: ColorCorrection | Curves | Lift\Gamma\Gain | Tweak\Levels 
While creating these materials, I wanted to do almost everything inside 3ds Max, 
avoiding the use of an image editor like Photoshop. That way, the tweaks you do are 
visible instantly, and the process of fine-tuning the material is faster. For that, I use a 
variety of OSL nodes that help me tweak all the different maps. Let’s start with the OSL 
ColorCorrection node. 

 
OSL ColorCorrection 
I like this OSL node for several reasons. It allows you to change brightness, contrast, 
gamma, colour and saturation, to mention a few. But then you can use the Bypass 
option, to ignore any tweaks you did, or you can use the Overall Effect to control the 
strength of the entire node. If you want to tweak HDRI maps, don’t forget to untick the 
Clamp Result option. 
 
You can find this OSL node under MAPS | OSL 
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OSL Curves Color Correction 
OSL Curves Color Correction is a very powerful node. You can use it to add contrast, 
create masks and control the midtones. Isn’t necessarily as fluid as the Legacy Output 
node, as you don’t have handles to tweak the points on the curve. 
 

 
 

Figure 15 - Using the OSL Curves to darken the Base Colour texture 
 

Another way that I like to use this OSL node is to colour remapping. Quite often, the 
client sends a specific colour they want to see, and you could tweak that later in 
post-production, but some things I prefer to do in render. To remap the texture, connect 
it to the OSL node and change the colour for the different points on the curve. 

 

 
 

 Figure 16 - Using the OSL Curves to remap the Base Colour texture. 
 
You can find this OSL node under MAPS | OSL 
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OSL Lift\Gamma\Gain | Tweak\Levels 
I use these two nodes, mostly when tweaking the roughness map. The OSL 
Lift\Gamma\Gain (LGG for short) lets you control the blacks (Lift), mid-tones (Gamma) 
and your whites (Gain), so the main idea is to tweak the roughness texture or other dirt 
textures to bring out the detail or to tone down the contrast. There aren’t any specific 
rules on how to use this node, but for example, let’s say the dirt map you are using has 
some remarkably dark areas and you want to lighten them up a little bit. The figure below 
shows the original texture and how I tweaked it using an OSL Lift\Gamma\Gain to 
something more subtle. 
 

 
 

Figure 17 - Avoid pure blacks and white on your roughness texture 
 

This step is vital as pure reflective surfaces or 100% matte surfaces don’t exist in real 
life; also, you will be contributing to increased rendering times. Other times I want to 
keep the black and whites, but control the mid-tones to affect the roughness, so I use the 
Gamma value to tweak that. The OSL Tweak\Levels allows you to tweak the Hue, 
Saturation and Value of the texture that is connected. I use this node mostly to remap 
the black and white values from both the input texture and output value. This is an 
efficient technique to add subtle effects to the roughness map.  
 
Usually, textures with scratches, dirt or dust have a lot of details, which do not 
necessarily make your material realistic, quite the opposite. The secret to creating 
realistic materials is to tweak those maps to be more subtle like the example below. 
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Figure 18 - Mid-tones on the original texture were too strong 
 

Above you can see that the map originally is quite strong and with plenty of contrast. By 
using the OSL Tweak\Levels, I flattened the detail and got a more subtle effect. I did 
that by adjusting the values for the OutputMin and OutputMax. This way, you can keep 
adding detail on top of detail without clamping values that would create perfect mirror 
surfaces or 100% matte. It is an excellent way to ensure the values you have aren’t 
outside of what is realistic and too strong. 
 
You can find this OSL node under MAPS | OSL 

 
OSL: Range\Remapper 
The OSL Range\Remapper node is quite practical if you want to extract levels of detail 
from your dirt, AO, bump and height textures. The image below gives you an example of 
how you can use this OSL node. 
 

 
 

Figure 19 - This is how the displacement texture affects the material surface 
 

 

Page 18 



However, by changing the values in the Input, I manage to get just the gap between the 
blocks. 
 

 
 

Figure 20 - Changing the Input Range End helped getting only the gaps between each block 
 
Of course you can use something like the OSL Tweak\Levels to achieve the same 
result, but some OSL nodes only accept as input a float value (for example for masks) 
and with the OSL Range\Remapper I can get the float output that I need. 
 
You can find this OSL node under MAPS | OSL | MATH FLOAT 
 

 
OSL: NormalBlend 
This OSL NormalBlend node isn’t available by default with 3ds Max. Mads Drøschler 
coded this node, and you can find it here: 

 
● Normal Blend 

 
With this node you can blend different normal maps. It is another great way to add extra 
detail to your material, as you can see on the figure below 
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Figure 21 - Mixing two normal maps for extra detail 
 

As a side note, if you are interested in learning to code your own OSL nodes, Mads has 
a tutorial explaining all the steps for this OSL NormalBlend. You can find it here: 

 
● OSL Programming: Let’s write a Reoriented Normal Blend map 

 
Also make sure to check his other OSL nodes, such as OSL Layers, FrontBack, Output 
and aoLightFilter. 
 
  
OSL: Uber Noise 
Noises are essential to use in particular as masks to break tiling and make your material 
look more organic. You have several OSL noise nodes, but the OSL Uber Noise is the 
one with the most common ones. 
 

 
 

Figure 22 - Some of the noises available 
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But this OSL Uber Noise isn't just a simple OSL node as you don't get that noise, and 
that's it. In reality, you have a lot of control over these noises, as you can use the Layer 
Distortion to distort the noise, use the Step Function to add more contrast and use the 
Normalize option, so the output has values between 0 and 1. The preview above is just 
the Standard output, you can have a higher level of control and completely change the 
noise to something more suitable for your needs.  
 
As an example, I managed to reproduce a hand drawing hatch with this OSL Noise for 
the Arnold Toon Shader. The best way to learn how to use these noises is for you to play 
and see what each setting does. 
 
You can find this OSL node under MAPS | OSL 
 

 
Hopefully, this quick overview of some OSL nodes helped you to feel more comfortable using 
them. They aren’t perfect, but with each new 3ds Max update, we get better OSL nodes, and 
you can also code your OSL nodes. I am not a programmer, but I managed to code an OSL 
node that replaces the ComplexFresnel plugin, which is a big help to create metals. So, maybe 
this could be your next project, create an OSL node. Check Master Zap introduction to OSL and 
some lessons to write shaders with OSL. 
 

● 3ds Max: Introduction to OSL 
● Writing Shaders with OSL, Lesson 1 
● Writing Shaders with OSL, Lesson 2 
● Writing Shaders with OSL, Lesson 3 

 
 
Learn how to create realistic materials with the Physical and Arnold’s 
Standard Surface. 
At this stage, you should feel comfortable using the LookDev scene and understand how to use 
OSL nodes to tweak and adjust textures. The next important stage is using a good shader. For 
the following section, I am going to use my renderer of choice, Arnold, but you can apply the 
same principles with any other renderer. In reality, you shouldn’t worry too much about which 
renderer you are using as you have the Physical Material. What is a Physical Material? 
 

Why using Physical materials 
From the Autodesk help: The Physical Material uses a shading model including most 
reasonable shading effects for real-world materials while maintaining a balance of being 
easy to use with a logical layout. 

 
But the massive benefit of using the Physical Material is that some of the most popular 
renderers support this material. So, think for a second: You can create a physical 
material with OSL nodes, and this material will render in Vray or Arnold without the 
hassle of converting the materials. This is an effective workflow not only for studios but 
also for individual users as you may use different renderers for specific projects. So, 
create your library with Physical Materials and switching between renderers should be a 
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matter of converting lights, unless photometric lights are used instead of the ones 
provided by the renderer. 

 
This is the kind of workflow that I have been using, and it provides the flexibility needed 
in a production environment with multiple renderers. It has the benefit of being renderer 
agnostic, having a friendly UI, and having a good viewport representation. 

 
Using the Physical Material, is quite simple and also provides the opportunity to switch 
from a Metallness to Specular workflow. If you want to learn a little bit more about this 
Physical Material, have a look at this video from Master Zap: 
 

 
 

Figure 23 - Physically Based Rendering in 3ds Max 
 

Physically Based Rendering in 3ds Max 
 

Autodesk also added the PBR materials that support the two most common workflows 
Specular\Glossiness and Metalness\Roughness. This is in fact a stripped down version 
of the Physical material which is quite useful for PBR workflow.  
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Figure 24 - A simplified version of the Physical Material for PBR 
 
One of the biggest benefits is that the 3ds Max viewport was also improved a lot recently 
to display these PBR materials correctly and do lookdev directly in the viewport.  
 
Introduction to Arnold’s Standard shader 
If the Physical Material is so good, then why use Arnold's Standard Shader? Although 
the Physical Material is a useful shader for the majority of the work you will probably do, 
Arnold's Standard Shader has some more advanced and outstanding features that 
contribute to how realistic your materials look and feel. 

 
One of the big reasons why I switched to Arnold was precisely because of the Standard 
Shader. I started this challenge of producing 365 materials with a renderer that wasn’t 
giving me what I needed to create better materials. Just to give two examples in how the 
Standard Shader contributes so much to a better material. 
 
I was tired of having to use falloff maps connected to falloff maps to try to recreate a 
sheen effect or a coating layer. Quite often, these types of setup will break the material 
in the sense that the material will not be entirely PBR, meaning that the material may 
look good in a specific lighting scenario. Still, nothing guarantees that it will work on 
another lighting scenario. In Arnold, you have the Sheen option to help with that. 
 
Are you creating a wood material? Do you need to add a varnish layer on top of that? 
Again, you would probably make a second copy of the original material, increase the 
reflection almost to a metal level and then blend the two materials with a falloff map, 
right? With the Standard Shader you use the Coat layer that also allows you to add 
extra bump detail.  
 
These are just two examples of the many advantages of using the Standard Shader. 
The quality of the materials I produced improved once I switched to Arnold. So let's have 
a quick look at what is available and how to use the Standard Shader to increase the 
realism of your materials. 
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A brief explanation of Arnold’s Standard shader 
If you are trying Arnold for the first time, the Standard Shader may feel a little bit intimidating 
with the number of settings available. So, what we will have next is just a brief explanation of the 
different sections and how they contribute to produce realistic materials. 
 

Base 
In the Base section is where you use your BaseColor or diffuse texture which is 
connected to the base color option. Keep in mind that the texture needs to be void of 
directional light, ambient occlusion and specular reflections. Otherwise, your materials 
will not look realistic. But in this section you also find a hidden gem called Diffuse 
Roughness which contributes highly to realism. 

 
Diffuse Roughness 
Diffuse Roughness is an option found under the Base Color section. By default, Arnold 
is going to use a Lambertian model, but the Diffuse Roughness (this isn’t the same as 
Specular Roughness) lets you switch to the Oren-Nayar model. Fantastic, what exactly 
does that mean? Have a look at the following figure: 

 
  

Figure 25 - Lambertian vs Oren-Nayar shading model 
(source:http://www.cs.columbia.edu/CAVE//projects/oren/) 

 
The Lambertian model is the most common one used in computer graphics, and it 
represents how a surface reflects light. However, certain materials behave differently, in 
particular materials that are rougher, and for that, we have the Oren-Nayar model. This 
setting is vital to create realistic materials, in particular, those with a rougher surface, like 
concrete, plaster, sand or terracotta. It is a small detail, but then again, you are creating 
realistic materials and not just “good-enough” materials. 

 
 

Specular\Transmission 
Specular is your reflection and Transmission is your refraction. These two sections are 
interlinked as you will notice that you don’t have an IOR option for the Transmission. 
The figure below exemplifies that: 
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Figure 26 - Specular and Transmission settings 
 

The Specular Roughness (Glossiness inverted) controls the roughness for both the 
Specular and Transmission. I mention this because some renders allow you to control 
the IOR individually. I prefer one setting for both as it avoids breaking the material.  
 
The roughness deserves a special mention as is one of the most critical aspects of your 
material. This map is where you add details and story - it is where you bring your 
material to life. 

 
Roughness 
Along with the normal map, there is no wrong or right for this map. There are no specific 
rules, contrary to what happened with the Base Color. Why is this texture so important?  
 
In simple terms, the materials we see in real life are incredibly complex to a molecular 
level, and it would be impossible and even unnecessary to model all the tiny details 
called microsurface detail. This microsurface detail is what affects how the material 
reacts to light. The Marmoset website has a good example, where they show two 
materials, one is mud, and the other is water. Which one is more reflective? We would 
think that the water is more reflective, but in reality, both materials have the same index 
of reflection. What happens is that the mud is rougher, so the light rays are scattered 
around, while the water surface is smoother, and the reflection is stronger. 
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The roughness map is how you can represent those microsurfaces, and that is why it is 
so important. You, as an artist can “paint” scratches, dents, polished areas since no 
material is perfect. Even a polished marble surface isn’t a perfect mirror; it still has small 
imperfections that affect how the light rays are scattered. From all the stages in creating 
a material, this stage is the one where I spend perhaps 85% of my time. Using the OSL 
Composite, Tweak\Levels and Lift\Gamma\Gain, you can paint or add levels of details.  
 
I always start with the basic roughness map, and then look at the reference. Remember 
those references? You need them now to look at the reflections and to all the small 
imperfections. If you can get references where the material is on a certain angle, you can 
see how the material reflects the light. By doing this, you will know if you need to add 
some dirt, dust, scratches and other surface imperfections. Where can you find such 
maps? I started making my maps with Substance Designer, but I also use the following 
assets: 
 

● Surface Imperfections 
● Pack 01 – Dirt Textures 
● Overlays collection 2 
● 150 Tileable Roughness 

 
 

Normal\Displacement 
These two maps should be your first step. Displacement or height isn’t necessary in all 
the materials, but it is important to use a Normal or a Bump map. After the base colour 
texture this is my second step in the process. Why?  
 
The reason is that these two maps affect how light is reflected and affects the material 
roughness. Think about these two maps as the broad strokes on a painting and the 
Roughness map is the final detail we add later. 

 
Sheen 
Sheen is what you need to make fabrics and textiles look realistic without having to use 
falloff maps connected to falloff maps. Sheen behaves like microfiber that you find in 
velvet and satin, but is also present in other types of fabric. It is the density or the 
combination of the density and length of the fibres. Below you can see an example of 
how switching on this option affects the look of your material. 
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Figure 26 - On the left without sheen, on the right with sheen 
 

Coat 
This setting is my favourite when I am doing materials that have a layer of varnish. Some 
materials get an extra layer of treatment to protect the surface, like wood and concrete. 
Two things I like is that you can affect the underlying material and make it darker (like it 
happens in real life) and you also have the ability to use an extra bump to add smaller 
details. For example, if you aren’t careful while applying varnish to wood, hair and dust 
can get stuck on the varnish and they become small imperfections.  
 

 
 

Figure 27 - on the left without the coating layer, on the right with the coating layer 
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As you can see, the coating layer helps to add more levels of detail that contribute to the 
material's natural look. The coating layer allows you to pick the roughness beneath and 
lets use a secondary bump input for some fine detail. 

 
Learn how to manage material libraries and textures. 
While creating these materials, you need a place to save them. Honestly, the most 
cost-effective way I found to keep them is by using the material libraries in 3ds Max. I organized 
them by category, so that any wood materials, for example, always start with the prefix W_. It's 
just a simple thing but later allows me to search for all the wood materials on my scene very 
quickly. Also, I use Connecter from Design Connected, and this tool enables me to grab and 
drop material libraries into my scene quickly. 
 

Textures 
The same principle applies for the textures, in particular dirt and other utility textures. 
Initially, I was wasting time going folder by folder checking which dirt maps I needed and 
ended up always using the same maps. However, manually importing textures, set the 
gamma to 1.0, renaming them and saving them into a library is a nightmare. Luckily, I 
found a quick solution that will help you to keep your sanity. You need the MultiTexture 
node from CG Source, a script to correct the gamma and a line of code. 

 
The first step is to use the MultiTexture node to load all the textures needed: 
 

 
 

Figure 28 - MultiTexture lets you load as many textures as you want. 
 
 

Once all the maps are loaded, delete the MultiTexture node, select all of the maps and 
run this code: 
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for b in getClassInstances bitmaptex do try(b.name = getFilenameFile 
b.filename)catch() 

 
You can run this line of code using this window on the bottom left side in 3ds Max UI, 
which is a compact version of the MAXScript Listener: 
 

 
 

Figure 29 - Paste the code on the “pink” rectangle and press enter to run the code 
 

This line of code will rename the bitmaps based on the original file name. Yes I know, 
they are loaded as Bitmaps, but while you work, it is easier to gradually update the 
library to an OSL Bitmap if you want. After this step, you have two options: 

 
First, while working, you can progressively update the Legacy Bitmap to OSL Bitmap. 
And when doing that don't forget to change the gamma from 2.2 to 1.0 (this is essential 
for any map you are going to use with roughness, displacement, normal maps); 
 
The second option is using this paid script called, Gamma Organizer, that will change 
the bitmap’s gamma in one go. You can find it here: 
 

● Gamma Organizer 
 

Either way, you have a material library with all of your textures, and you can create 
multiple material libraries for different types of textures. As an example, I have multiple 
materials libraries for different aspects, like dust, stains, fingerprints, etc: 
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 Figure 30 - A quick and easy way to pick textures 
 
How to implement Arnold as a renderer solution for architectural 
visualizations. 
Arnold is a renderer built for the demands of feature-length animation and visual effects. It is 
used at over 300 studios worldwide including some big names like ILM, Framestore and The 
Mill. It is now available as a plugin for 3ds Max (it also includes plugins for Maya, Houdini, 
Cinema 4D and Katana). 
 
Arnold is a powerful renderer as it can crunch a massive amount of data. What this means is 
that you don’t have to worry if you are using 4k or 8k textures, or heavy geometry or even 
scanned objects, Arnold can handle that very smoothly which made it famous in the VFX 
industry due to their massive dataset. Being physically accurate is also quite crucial for the VFX 
industry. All of these points are still valid for the visualization industry. Projects are getting 
bigger, more elaborate, and deadlines are getting shorter. 
 
Now you have at your disposal a renderer easy to use, memory efficient and that produces 
outstanding image quality. How do you then implement Arnold as a renderer solution into your 
workflow or studio? Why should you consider Arnold as a renderer solution even if you are a 
single user or a small studio? 
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One thing that you need to keep in mind is that Arnold is a renderer mostly used for VFX and 
their way of working and dealing with that datasets does not necessarily fit the “standard” 
visualization workflow. Arnold was introduced as a default renderer recently and some edges 
need to be softened, but massive efforts are being made to incorporate even better Arnold into 
3ds Max. Still, you have a powerful production renderer tested and used by the most prominent 
VFX houses at your disposal. Once you learn the basics of Arnold, you will see how powerful 
and practical it is, even for single users. 
 
 

First Steps 
One of the first steps is to open the Render Setup (F10) and check if the renderer is set 
to Arnold. Next, go to the Arnold Renderer tab and, under the MAXtoA Version 
section, check if you have the latest version. Usually, there is an update every month, so 
if you are having any issue or you have a problem or a question, don’t forget to go to 
Arnold Answers, where you will have direct contact with the developers and report the 
issue or ask for help.  

 
The next thing you can check is under the System tab. As it is usual with the majority of 
production renderers, you will have to use some proprietary renderer nodes to render 
and create materials. Also not all the plugins, maps or nodes in 3ds Max, are necessarily 
supported. So in case you need to use some legacy plugins or nodes from 3ds Max, you 
need to tick the option Legacy 3ds Map Support. 
 

 
 

Figure 31- Legacy 3ds Max Support will help when starting with Arnold 
 

Legacy nodes aren’t necessary nodes or maps that are old. They can be maps or 
plugins that Arnold does not support by default, as an example: MultiTexture from CG 
source, ComplexFresnel from SigerShaders.  
 
This option is going to help in the beginning when you are still learning Arnold, but I 
would advise you to avoid using Legacy nodes from 3DS Max. Arnold is a very efficient 
and fine tuned renderer and you may be introducing plugins or maps that aren’t that 
efficient and may or may not cause problems.  
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Another limitation is that Arnold GPU doesn’t support some of the 3ds Max legacy nodes 
and if you export your scene as an Arnold scene, some things may not be exported. 
Initially it does make sense you having this option on, as you want to focus on learning 
the software and not troubleshooting, but then with the experience you should learn how 
to use OSL or what Arnold provides in terms of maps.  

 
Another thing is going to help you a lot working with Arnold is this window called Render 
Message: 
 

 
  

Figure 32 - This window will tell you everything that is wrong with your materials and scene 
 

On this window, Arnold will complain about everything that is wrong in your scene. 
Sometimes this could be just a warning and in some situations, errors that need to be 
fixed. It may sound annoying getting these warnings, but it is better to know from the 
start what is wrong with the scene, then later trying to render and having no idea why 
nothing is happening or why the render is failing. This window will help you to build an 
efficient scene, so don’t ignore it. As an example, when using Arnold GPU a warning 
message may appear informing you that a Nvidia driver update is required. 

 
Scene Converter 
Perhaps the biggest issue when moving from one renderer to another, is having to 
convert the 3d model’s material from a specific renderer to Arnold. Luckily, Mads (yes, 
him again) started working on a converter that will help a lot with the conversion process. 
You can find it here: 
 

● Arnold Converter 
 

If you find this script useful and practical, don’t forget to give him an extra tip. He also 
has a discord server that you can use to report any issue. However, keep in mind that a 
converter will convert what is there. What does that mean? It means that some materials 
that were done before PBR was a thing will be converted the way they were made and, 
for that reason, will need further tweaks. After converting the materials, it is a good 
practice to check them; this applies to any renderer. Some people expect magic from a 
converter, and that doesn’t happen. 
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ARV and VFB+ 
While developing the look of your image, you may want to do some colour grading and 
checking LUTs before moving to any third-party software like Fusion, Nuke or even 
Photoshop for final post-production. The ARV or Arnold Render View, is a good way to 
work with an interactive preview. However, some features are being developed and if 
you need to adjust the white balance, apply a LUT or use curves for contrast, you may 
want to use this free plugin called VFB+ from Monotone Minimal: 
 

● VFB+ 
 

Good news is that the Arnold integration into 3ds Max, also known as MAXToA, has 
been quite fast over the last couple of months, so probably by the time you check this 
handout, you will not need VFB+ to do that grading. I still use VFB+ to open images from 
other renderers and do some grading and post-production, like bloom and chromatic 
aberration for quick drafts. 

 
Tips and Tricks 
Some may say that Arnold is slow and isn’t practical for the visualization industry or 
single users. When I started testing and learning Arnold, I had the same opinion, as 
renders would take too long. However, thanks to Mads Drøschler, Stephen Blair and Lee 
Griggs and the Arnold Answers website, I learned how to control the quality vs speed 
ratio. Once you understand that, I believe that you will find that Arnold is quite fast in 
comparison to other renderers. Some may find this hard to believe, but after a lot of 
tests, personal and professional projects, that is my conclusion. So what can help you to 
get fast renders with good quality? 

 
Missing Textures 
The visualization workflow can be quite messy. You will be lucky not having missing 
textures and plugins, and you would be very fortunate if all the materials you are using 
are entirely PBR. For that reason, some may find a little bit frustrating Arnold being so 
picky, as it will abort the render if textures or materials are missing. But that does make 
sense! If a material or a texture is missing, could be something as small as a tree leaf or 
could be the brick material for your entire building. Best way to avoid that is to have a 
proper workflow and good working habits, but if necessary you can switch that option off, 
by going to the Diagnostics tab and tick off Error Handling as shown below: 
 

 
 

Figure 33 - Tick off this option if the render is failing, but also check the Render Message window to check 
what is wrong. 

 

Page 33 

https://www.monotoneminimal.com/vfb


 
Understand Sampling 
The key aspect when working with Arnold is understanding how sampling works. Some 
may have cold sweats when they think about tweaking settings, and for more newer 
visualization artists, sampling is a weird concept. What is sampling? In simple terms, 
sampling is how you control the render quality and is a powerful tool to control your 
render’s speed. Sampling in Arnold is quite simple as you only have to tweak the 
samples for lights and these settings: 
 

 
 

Figure 34 - This is how you control your render quality. 
 

These samples are all you have to care about for your render quality. Sincerely, my 
advice is to take one or two hours and learn these settings. Pick a scene, test it and 
understand what each sampling does. You can find some free learning scenes at the 
Arnold User Guide website: 
 

● Learning Assets 
 

The time you take to learn these settings will pay off as you know how to take the best 
advantage of samples for each scene. Sampling may sound weird, but other renderers 
also use this concept, most of the time hidden behind a curtain of simplicity, but it is still 
sampling. I found that you tend to pay simplicity with time, the initial setup with other 
renders can be more straightforward, but down the line, your render get's slow, scenes 
are crashing. Then you need to troubleshoot why isn't rendering, too much geometry? 
Are you using 4k textures that need to be resized? Do you need to render into sections? 
Do you have to simplify your scene? 
 
With Arnold, you get the control over the scene, you know where to put the samples, you 
understand what could be potential problematic areas. So that a render that may take 10 
hours on another renderer, takes only 35 minutes in Arnold. Initially, I made a 
comparison between some of the most common CPU renderers, and I found that Arnold 
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tends to be five to seven times faster. The Arnold User Guide is one of the best places 
to learn Arnold as you have an explanation for every setting, map and techniques. 
 

● Arnold User Guide 
 

A couple of paragraphs below, you will find a video that explains how each sample works 
and how to use them to clean the noise. This topic leads us to another aspect of having 
faster rendering times with Arnold. Using the denoiser called Noice. 

 
Noice - Denoiser Techniques 
One thing that I found when working with Arnold is that you don't need a noise-free 
image as your final render. For some, this may sound weird as only recently, we are 
starting seeing denoisers being used in the visualization field. However, in VFX, the use 
of denoisers is quite heavy, so it does make sense that Arnold denoiser, called Noice, is 
one of the best that I have tested so far.  
 
Using a denoiser means that instead of having long rendering times, you can have quick 
renders as the denoiser will do the heavy lifting. I honestly believe that you need to see it 
by yourself, as initially, I was a little bit doubtful when I received this suggestion. I had my 
reservations because my experience with other denoisers was that they tend to remove 
a lot of detail, but that doesn't happen with Noice. 

 
How does the denoiser work? Well, you can find Noice under the Denoiser tab. And you 
need to tick the option Output Denoising AOVs. This option is going to save a 
particular set of AOVs that are going to help the denoising process. You need to tick this 
option before rendering your image. 
 

 
 

Figure 35 - Denoiser tab. Tick the Output Denoising AOVs before a render 
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Now that the render is finished, how do you denoise it? You probably noticed that inside 
the folder where you saved your render, you would have a file with the suffix 
Noice_Input.exr: 
 

 
 

Figure 36 - The denoiser file you need to load into the Input slot 
 

This file contains all the necessary information to denoise the image, and you need to 
load it into the Input slot. Now, click on the Output slot to select a place to save the 
denoised file: 
 

 
 

Figure 37 - The output slot is to save the file you are denoising. 
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In terms of settings, you have to check the Arnold User Guide, as there is no right or 
wrong in terms of values. Keep in mind that Variance is the strength of the denoise. 
Pixel Search Radius increases the denoise quality, and Pixel Patch Radius increases 
the softness of the denoising. The Arnold User Guide contains some good examples of 
how each setting impacts the denoising process. 
 

● Denoiser Settings 
 

 
You will be surprised by how good Noice is and how it keeps the fine detail. 
 

 
 

Figure 36 - This is how good Noice is removing noise. 
 

The image on the left is the final render with a lot of noise. The image on the right is the 
same render but with the denoiser. Notice how the small detail and fine lines are kept 
and not softened as it happens with other denoisers. That means you don't need to 
render a super clean image. Personally, there are three distinctive ways I use the 
denoiser. 

 
First Technique - Brute Force 
The way Brute Force works is letting the Noice do the heavy lifting. In simple terms, you 
see what the denoiser's limit is with the settings you are using. Giving an example, you 
use the default sampling settings. You press render and it has a lot of noise. You run the 
denoiser, you try some settings and you see that the Noice is struggling to remove the 
noise. If so, increase the samples and render the next draft. This is perhaps the most 
simplistic way to work, and it is perfect when you have multiple drafts which allows you 
to test different settings.  

 
Second Technique - Adaptive Sampling 
Arnold has the capability of adapting the sampling rate of each pixel when this option is 
enabled. You have the standard Camera AA samples, which usually would be around 3. 
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You press render, and Arnold is going to use at least 3 samples. But if you need more 
samples to clean the noise, you have the Max Camera AA that will clamp the maximum 
samples used. As an example, have a look at the figure below: 
 

 
 

Figure 37 - Adaptive Sampling Settings 
 

The Camera AA samples are set to 3 and the Max Camera AA set to 20, so if a pixel for 
some reason needs more samples, it will keep using them until it reaches the maximum 
number of 20. The Adaptive Threshold works like a noise level that defines how much 
noise is acceptable. Using Adaptive Sampling is a workflow for when you are in a rush, 
but not necessarily this is going to be the most effective way to work and the quickest. 

 
Third Technique - Fine Tuning 
Learning how to use AOVs to check where the noise is affecting your render, is the best 
way to work, as you will learn how to use the samples effectively. With the experience 
you learn how to identify what is causing the noise and where to put the samples you 
need to clean it. Do I need more Diffuse samples? Or do I need more Specular 
Samples? There is a diagram that helps you identify where the samples need to go. 
 

● Removing Noise Workflow 
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Honestly, trying to explain how the process works, would be another ten pages. The best 
option is watching this 18 minute tutorial that explains that process. But before doing 
that, a word of caution.  
 
In some scenarios, like interior scenes, trying to remove all the noise will significantly 
increase rendering times. So again, remember that Noice is your best friend and most of 
the times you don't need crazy values to clean the noise. Moderately use samples so 
you can render fast and finish the job with the denoiser.  
 
This video is a tutorial from Daniel Danielsson that explains how you can remove noise 
from your render. Yes, it is a video done with Cinema 4D, but the same principles and 
settings apply to 3ds Max. In reality, one thing that you will find is that Arnold is the same 
for 3ds Max, Cinema4D, Maya, Katana and Houdini. This characteristic makes the 
following tutorials quite simple. 
 

 
 

Figure 38 - ᛞ C4D & Arnold TUTORIAL | Grain-Free Renders in 4 Steps 
ᛞ C4D & Arnold TUTORIAL | Grain-Free Renders in 4 Steps 

 
 

Textures, Tx and Cache Size 
One thing that can contribute to a render to being slow is the textures you are using for 
your materials. However, with Arnold, size isn’t a problem at all as you can use 4K, 8K 
and 16K textures without affecting the rendering time. This is possible since Arnold can 
use tx textures to only load what is needed. To use this option you need to be using 
Arnold Image node or an OSL Bitmap Lookup to load these files. Using an OSL 
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workflow will ensure that this step is done. Then all you have to do is convert the 
textures to tx by using this script that Mads developed: 

 
● How to convert bitmap textures to TX format for rendering with Arnold in 3ds Max 

| 3ds Max 2021 
 

Then on the Render Setup window and under the Arnold Render tab, go to Textures 
and tick the option Use Existing .tx textures and also, increase the Cache Size (MB) 
from 2048 to 4096 (if you have more than 4GB of RAM). It does sound something 
minimal, but your renders will speed up considerably. I have seen renders going from 3 
hours to 1 hour just by using this tip. 
 

 
  

Figure 39 - Tick the Use Existing .tx Textures to enable this option 
 
 
Final thoughts 
 
This brief introduction to Arnold is everything I wish I knew when I started learning and using 
Arnold. It may require more discipline and better workflows to take full advantage of this 
fantastic renderer, but it is worth doing the extra step. Arnold GPU is still in initial stages, but the 
fact you can switch between CPU and GPU without having to redo your materials is another 
significant point. I usually say that Arnold is a simple renderer to use, with enough complexity 
that allows you complete control over your production. The ratio of speed versus render quality 
makes Arnold one of the best renderers I used over the last 15 years as a CGI artist.  
 
Another thing about Arnold that I cherish is that you don’t have to wait years to have new 
technology implemented. Arnold tends to be one of the first implementing those advancements.  
 
A big thanks 
 
A big thanks to these people that helped reviewing this handout and gave me some great 
suggestions: Anna Parry, Bruno Landry, Dan Cherry, Guillermo Balbastre, Jon Ogilvy, Nathan 
Davies, Shreeya Radia and Ramy Hanna.  
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