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CI6510 Optimised Programming for Games Devices 

Shaders in Unity (and Unreal) 
 

The following shaders have been created inside Unreal Engine 4 using Blueprints, 

similar to the proposed Unity Shader Graphs. The developer made this decision as 

Unity Shader Graphs are still currently in development and some features needed for 

the shader effects were not present, whereas Unreal Engine Shader Blueprints have 

been implemented for a number of years and have the required functionality. There 

are two shaders that work together to simulate a Black Hole effect – the 

‘Attractive_M’ and ‘BlackHole_M’ 

Attractive Shader - (Attractive_M)        

This shader takes full advantage of the ‘World Position Offset’ output node – and 

really only needs this to function as intended. However, to be able to use this shader  

on objects, there are TextureParam2D inputs so the developer can set the Base 

Colour, Metallic, Roughness, AO and Normal channels, giving this shader the ability 

to mimic an ordinary object while still having the ability to be attracted to a position in 

the scene. 

The ‘Absolute World Position’ node is critical and is given at a per pixel basis – from 

this, the ‘Distance’ node is used with a Vector3 parameter ‘Black Hole World Position’ 

which is given to the shader as an input at runtime. The result is then divided by a 

Scalar parameter ‘Pull Radius’ to create a specific distance in world space to which 

this effect will occur – the result of that division is then the base of a ‘Power’ node, 

and the ‘Exponent’ is a Scalar parameter ‘Pixel Pull Strength’ – this step is not 

necessary for the attraction effect to work, but gives the developer more control over 

the effect.  

For clarity, ‘Absolute World Position’ or Pixel Position will be referred to as ‘WP’, and 

the Vector3 parameter ‘Black Hole World Position’ will be ‘BH’. 

At this point, the shader has calculated the distance between WP and BH, divided 

this by a value to create a radius, or cut-off point, and powered this by a value. From 

here, the result is then clamped between 0 and 1. Therefore, a value of 0 means that 

WP and BH are equal – a value greater than 0 and less that 1 means that WP is 

within the radius previously set, and a value greater than 1 means the WP is outside 

of this radius. Of course, the attraction effect is desired only within the radius set, 

thus the clamp. The result of this is then subtracted by 1 and set as the ‘Alpha’ input 

of a ‘Lerp’ node. The result of the clamp being subtracted by 1 is important as the 

range of the Lerp node is set to Vector3 values, 0 = (0, 0, 0) and 1 = (WP – BH) (or 

stationary vector to the distance vector of BH to WP) but the pixel will need to be 

flipped or (Alpha -100%) to get the Lerp to output; stationary vector to the distance 

vector of WP to BH. The result is as the object crosses the radius, it is then pulled 

towards the BH. This may be clearer visualised in the figures below: 
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Black Hole Shader - (BlackHole_M)        

As the Black Hole is a perfect circle, the ‘Fresnel’ node was utilised to create multiple 

effects within this shader, from the Opacity mask, Refractions and Emissive Colour. 

An Opacity mask is necessary to be able to see the refractions of the Black Hole 

within the same shader, and the ‘Blend Mode’ should be set to Translucent and 

‘Shading Model’ to Unlit, within the Material Settings for this effect to work. 

The Fresnel node has a Scalar parameter ‘Base Fresnel Exponent’ as its ‘Exponent 

In’ and the output is powered by a Scalar parameter ‘Gradient Power’ to increase the 

saturation of the gradient – this is then multiplied to by Scalar parameter ‘Gradient 

Multiplier’ to further increase the intensity of non-black areas and in turn, is then 

applied to the ‘OneMinus’ node, flipping the white for black. After which, the values 

are multiplied again to allow any white gradient to become ‘sharper’ and the Opacity 

Mask is then completed and set as the ‘Opacity’ output of the shader: 

            

Refractions follow nearly the same method though the values of the Fresnel do not 

have to be inverted at any point, though they can be, to cause ‘Negative Refraction’ 

which is set as a value to be toggled if desired. The Fresnel node is given a Scalar 

parameter ‘Refraction Exponent’ as ‘Exponent In’ and is powered by a Scalar 

parameter ‘Refraction Power’ and further multiplied by a Scalar parameter 

‘Refraction Multiplier’ and set as the Refraction output on the shader to ultimately 

show refraction in place of where the Opacity mask has taken away any colour: 
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Fortunately, with the Opacity Mask applied, this can also be used to create an output 

for the Emissive colour, to mimic where the light has been caught by the Black Hole. 

The emissive output can be thought of as a white black hole behind the regular black 

hole and its value being high enough for the (default) Post Processing settings to 

merge its colour with surrounding pixels. This effect is unlikely to work without Post 

Processing and/or in the Unity engine. The emissive output is executed like so: 

The output value of the Opacity Mask is again applied to the ‘OneMinus’ node and 

multiplied by a Scalar parameter ‘Emission Multiplier’ and powered by a Scalar 

parameter ‘Emission Power’. It is then multiplied by a Vector parameter ‘Ring Colour’ 

to give a desired colour, which is then set as the Emissive Colour output of the 

shader. These results together result in the desired Black Hole effect: 

 

 


