Toon Tutorial
By Hans Sjunnesson 

You too can create those beautiful cartoon images and animations without buying expensive commercial plugins. This tutorial shows you how to do it using only standard Max materials and maps (R3.x only). 

Beginner

There are two things that make a toonshader complete: The thick, usually black outline around an object and the flat-shaded surface usually with only three "bands", one band for the ambient part of the surface, one for the diffuse part and sometimes also a specular highlight. 
One way to achieve this is to use a third party plugin such as Illustrate! which is commercially available from David Gould or ScripToons which is a maxscript by Borislav Petrov and is available from Virtual Republic Boboland. 
However, my method yields a good overall result, it's faster than any other method or plugin I've tested and there's no need for additional software or scripts. 

The Outline

The above mentioned plugins and scripts draws a constant outline around every object. We can't do this with standard materials and maps. The biggest drawback with using my method instead of a third party plugin is that the outline is created by "cheating" and it doesn't look good on all surfaces. 
The standard "Falloff" map calculates the angle from the camera to a point on the surface and interpolates between two colors or maps. We can use this map to put a black color on those parts of the surface pointing almost 90 degrees away from the camera, which is usually at the edges of an object with slightly rounded edges. 
Put a "Falloff" map in the Diffuse slot. By default the map creates a smooth blend between white on the edges to black straight on, just swap the colors and we will get the correct color on the edges. This is how it looks so far: 



Right now, we have pure black at the angle 90 degrees and pure white at 0 degrees. This doesn't create the black outline we want, we would need say pure black between 90 and 80 degrees and the rest white. So we will have to fiddle with the "mix curve". Scroll down in the Falloff rollout, you should see something like this: 
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This curve controls the mix between the front and side colors (or maps). With this default setting, the first color is smoothly interpolated over the surface. Add two control-points like this: 
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Move the two control-points like so: 
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This will give you a thick black outline as displayed here: 
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Note that if you don't place the control-points a little diagonal like I did you will get a very sharp outline. Placing them a small distance apart makes for an anti-aliased, "fuzzier" outline. You can adjust the thickness of the outline by moving the control-points on the mix-curve, like this: 
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Setting the points further to the left will yield a thicker outline and vice versa. 
Alright, we're halfway done. We've got an outline. We can change the thickness (note that this outline does not extend out from the surface, but is instead mapped on the surface. So if you increase the size, the outline will "creep" in, over the surface), we can also change the color of the outline or place a texture-map instead of a flat color.
The Flat Shading

To get rid of the smooth diffuse to ambient shading on the surface and get that banded "toony" look we need to put a "Gradient Ramp" map in the first slot of the Falloff map, the slot for the white color. This will replace the white color with a colored gradient. These are the default settings for the Gradient Ramp: 
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When you move the handles, you move the colors. Double-click on the handles to change colors. Change the interpolation to "Solid" and the Gradient Type to "Lighting", and set the colors something like this: 
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Now, this will separate the material into three bands, one ambient, one diffuse and one specular section. 
The four "handles" for the ramp controls the colors and positions of the bands. The leftmost handle adjusts the color for the ambient band, the second handle from the left sets the color for the diffuse part of the material and also by moving the handle left and right you control the placing of the ambient band. The third handle controls the color of the specular highlight and also the size of the highlight. By setting the "Gradient Type" to "Lighting" the gradient will align itself to face the lightsource. 
Note that this isn't the optimal way of creating this banding effect. It would be best to "clamp" the colors created by standard diffusion but that's not possible in Max (I think), so we will have to resort to this "trick". 
Also note that this gradient-map isn't very accurate. The specular highlight doesn't seem to point exactly towards the lightsource. But the biggest drawback is that using multiple lightsources is really hard without getting poor results. 

Now, the material still looks a bit "iffy" that's because there's still some diffusion on the material. That's easy to remedy, just set "Self Illumination" to 100 and you're more or less finished. 
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The finished material 

	Pros:
	Cons:

	Adjustable outline, color and thickness
	Needs high-res models to look good

	Adjustable Specular, Diffuse and Ambient color as well as size
	Poor outline-quality. Based on camera-surface angle which makes for inconsistent width

	Fast rendering
	Inaccurate specular placement (bug in the Gradient Ramp map?)

	 
	Doesn't handle multiple lightsources at all well

	 
	Aliasing artifacts, "jaggies" in the transitions between "bands". Remedied with "supersampling"


Advanced

There are a couple of things to add to this tutorial. You can add bumpmaps with a good result. 
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You can also add textures to you're materials with a little work by right-clicking on the handles in the Gradient Ramp and choosing a texture. NOTE that you will need three different textures for each of the three handles (ambient, diffuse, specular). For example if you wanted a checkered texture to you're object like this: 
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You would need three different "Checker" textures with the same settings but different colors. I should mention also that you're toon-materials will benefit hugely by enabling supersampling, since these maps are linearly interpolated and will produce aliasing artifacts unless you supersample them. Enable supersampling by opening the "SuperSampling" rollout in the standard material preferences. Check the "Enable Sampler" box. I find that the "Adaptive Halton" works fine. This tells the rendered to make additional anti-aliasing passes over the textures which gives smoother textures at the cost of rendering-times. 

Most of the standard map slots will work fine, BumpMapping and DisplacementMapping will produce interesting results though, seeing as how the outline is based on the Camera-Surface angle and it's hard to get a good outline on a gnarled surface. 

One nice effect is to raise the "Specular Level" and "Glossiness" to get something that looks like a metallic surface. 
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You can download the zipped .mat file containing a bunch of tooney materials here (toon.zip). 

Author: Hans Sjunnesson 

