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PURPOSE

The primary purpose of this document is to highlight my experience with video game
engines and graphics programming. This work, created entirely by myself, demonstrates the
ability to design and implement a complete real-time rendering engine, integrating low-level
graphics APIs and engine subsystems for high-performance visual applications.

OVERVIEW

CyberEngine is a fully custom game engine written in C#. It features a dedicated Visual
Studio project type for game content compilation and packaging with NuGet support, user
interface framework, and physics engine. The rendering system supports multiple graphics
APIs, including Direct3D 11, Direct3D 12, Vulkan, and OpenGL, with both rasterization and ray
tracing capabilities.

While primarily targeting Windows, most engine systems are also supported on Linux. All
rendering backends are abstracted behind a unified interface, allowing a single application
to target multiple APIs. Since not all APIs provide identical capabilities, the engine is
designed around a lowest common feature set, following Direct3D’s architecture and
terminology as the primary reference.

GRAPHICS

The engine currently leverages Vortice, an open-source project that uses SharpGen to
automatically generate C# bindings for native graphics libraries. The wrapper enables low-
level access to modern rendering APIs directly from managed code. | have also contributed
several bug fixes and feature updates to Vortice to improve its reliability and integration with
CyberEngine.



CE WindowTitle - o X |

Direct3D11 [12.1]
FPS: 929
Frame: 0.120 ms

Manuel Marquez fest!**

Escape to quit

Figure 1 Test application for 2D, 3D, and sprites using Direct3D 71.

Figure 2 Test application using Direct3D 72. Figure 3 Test application using Vulkan.

OPENGL

For OpenGL, a code generator parses the official XML specification to automatically produce
the C# bindings. After the OpenGL context is created, the engine initializes all function
pointers by iterating through the generated methods and resolving each one via its proc
address.

Below is an example of the method glDrawArrays.

<Function Name="glDrawArrays">
<Parameter Name="mode">
<Type Name="PrimitiveType" />
</Parameter>
<Parameter Name="first">
<Type Name="GLint" />
</Parameter>
<Parameter Name="count">
<Type Name="GLsizei" />
</Parameter>
</Function>

Figure 4 Snippet from the OpenGL specification for the method glDrawArrays.
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[Feature("GL_VERSION_1_1")]
public delegate void DrawArraysDelegate(Enumerators.PrimitiveType mode, int first,
uint count);

Figure 5 Snippet of the auto generated C# delegate for glDrawArrays.
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Figure 6 Test application using OpenGL.

PHYSICALLY BASED RENDERING (PBR)

CyberEngine supports a Physically Based Rendering (PBR) pipeline. Auto exposure is
calculated by creating a luminance histogram in a compute shader and processing the
results on the CPU. Some images from a test program are shown below.



Editor Tester

New Atmospheric Scattering  New PBR

New Document 0 X
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Figure 7 PBR rendering example in a WPF application. Top right illustrating a luminance histogram computed on
the GPU. Additional controls allow for tuning the exposure and intensity of the lights and environment map. The
spheres vary in metalness/dielectric across the x-axis and roughness along the y-axis.
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Figure 8 Another view of the PBR spheres with low roughness near the bottomn.



Editor Tester

New Atmospheric Scattering  New PBR
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Figure 9 Close up image of a low roughness metallic sphere.
Editor Tester
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New Document 0 X

Figure 10 Close up image of a low roughness dielectric (plastic) sphere.
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ATMOSPHERIC SCATTERING

A current project requires an atmospheric scattering shader to render planets. A few images
from an editor and different settings are shown below.

Editor Tester
New Atmospheric Scattering New PBR
New Document0 X New Document 1 X

Direct3D11 [12.1] RayleighConstant
FPS: 54
Frame: 3.703 ms
1E-32
MieConstant

1E-08
AsymmetryFactor

-0.9334918032786885
SunAngle

1.1587841755044321

Figure 17 Atmospheric scattering example with a no Rayleigh or Mie constant.

Figure 12 Atmospheric scattering example with low Figure 13 Atmospheric scattering example with
Rayleigh constant. Note the blue light being medium Rayleigh constant.
scattering within the atmosphere.



Figure 14 Atmospheric scattering example with high Figure 15 Atmospheric scattering example with low

Rayleigh constant. Note the red shift as the blue Mie constant. Note the cloudy appearance as Mie

light is scattered away. models the scattering of aerosols which scatterings
all wavelengths equally.

Editor Tester Editor Tester

New

New D

Figure 16 Atmospheric scattering example with Figure 17 Atmospheric scattering example with
medium Mie constant. medium Rayleigh and Mie constant.

New P8R

New Document | X

Figure 18 Atmospheric scattering example with low Figure 719 Atmospheric scattering example with
Rayleigh and Mie constant and the sun from behind medjum Rayleigh and Mie constant and the sun
the planet. from behind the planet.



SHADOW MAPPING

An example of deferred rendering and shadow mapping which uses multiple render targets
is illustrated below.

CE WindowTitle - [m] x

Direct3D12 [12.1]
FPS: 77
Frame: 5732

Component: ShadowMap
Press Tab to switch component. Escape to quit

Figure 20 Deferred rendering illustrating a shadow mapping example with the albedo, normal, depth, and light
render targets. In the background is the result of the final pass combining all render targets.

CE WindowTitle

DirecfaD12 [12.1]
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Component: ShadowMap
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Figure 27 Another image of the shadow mapping example.



SPRITES

CyberEngine uses a sprite batch to render images and text from fonts. The fonts can be
created in the content pipeline by supplying the font properties and a texture is automatically
generated, or a custom font can be created externally in image editing software.

CE WindowTitle

Direct3D11 [12.1]
FPS: 765
Frame: 0.127 ms

Hello World!
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Manuel Marquez test!

Figure 22 Sprite batch is used to render multiple sprites and text.
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Figure 23 lllustration of rendering text as sprites which are created in the content pipeline or custom designed in
image edijtor software.



RAY TRACING

CyberEngine supports ray tracing with Direct3D 12 and a simple example is illustrated
below.

CE WindowTitle - [m] x

Direct3D12 [12.1]
FPS:394
Frame: 1273 ms

Component: Box
Press Tab to switch component. Escape to quit

Figure 24 Ray tracing example in Direct3D 72.

CPU RAY TRACING

In order to debug shader concepts, a CPU based ray tracer was architected in C#. A scene
can be rendered by supplying geometry and hit and miss functions. A multithreading option
can be enabled to speed up the output of an image by dividing rays among threads.



Figure 25 Image of a planet and atmosphere generated from a CPU based ray tracer allowing shader concepts to
be written in C# which has a more robust debugger.

SHADERS

CR0SS COMPILER

CyberEngine compiles HLSL shaders for Direct3D and cross compiles into SPIR-V for Vulkan
and GLSL for OpenGL. This allows one shader to be written and maintained while supporting
all graphics APIls. Shaders use compiler directives to state how buffers should be bound to
shader programs. One possible improvement is to automate the assignment of binding
indices.

DESCRIPTOR TABLE CODE GENERATOR

CyberEngine auto generates C# code for constant buffers by analyzing the shader code and
creating an analogue constant block in C#. The shader is also analyzed to auto generate a
descriptor table eliminating the need to manually keep shader code and C# code in sync.

Below is a simple example of a vertex and pixel shader with its auto generated C# code that
renders a cube with a texture.
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/* Includes ***x%x%% *kkokk *kkokk /
#include "CyberEngine\VertexStructs\PositionTextureVertex.hlsl"
#include "CyberEngine\PixelStructs\PositionTexturePixel.hlsl"

/* Constant bu-F-Fers ***************************************************/
#if OPENGL

[[vk::binding(0)]1]

Helif VULKAN

[[vk::binding(0, 0)1]

#Hendif

cbuffer WorldViewProjectionConstantBlock : register(b@)

// World, view and projection matrix
row_major floatudxud WorldViewProjection;

i

/* Vertex shader x= /
PositionTexturePixel VS(PositionTextureVertex vertex)

PositionTexturePixel pixel = (PositionTexturePixel) 0;

// Transform the position to screen space
pixel.Position = mul(vertex.Position, WorldViewProjection);

// Set the properties
pixel.TextureCoordinate = vertex.TextureCoordinate;

return pixel;

}

Figure 26 Vertex shader used to render a cube.

// Auto Generated File. Do not modify.

using System;

using CyberneticGames.CyberEngine.Data;

using CyberneticGames.CyberEngine.Graphics;
using CyberneticGames.CyberEngine.Mathematics;

namespace CoreTester.Graphics
{

public partial class MeshGraphicsProgram

public static readonly DescriptorTable VertexDescriptorTable = new DescriptorTable(ShaderStage.Vertex,
new[]

new DescriptorElement(DescriptorType.ConstantBuffer),

b

public static void SetWorldViewProjectionConstantBlock(IDescriptorBinding descriptorBinding,
int tableIndex, IConstantBuffer buffer)
=> descriptorBinding.SetConstantBuffer(tableIndex, 0, buffer);

public class WorldViewProjectionConstantBlock : ConstantBlock

private static readonly IConstantValuelLayout[] ValueLayouts = new IConstantValuelLayout[]
{

new
ConstantValueLayout<CyberneticGames.CyberEngine.Mathematics.MatrixF>(nameof(WorldViewProjection)),

public WorldViewProjectionConstantBlock(GraphicsEngine graphicsEngine)
: base(ValueLayouts, graphicsEngine)
{

}

public CyberneticGames.CyberEngine.Mathematics.MatrixF WorldViewProjection { set
=> Data.SetValue(nameof(WorldViewProjection), value); }

3

Figure 27 Auto generated descriptor table and constant block for the previous vertex shader. Any changes made
to the shader will automatically regenerate the C# code.

11



/* Includes *okk Fedkkdekkkkkk [
#include "CyberEngine\PixelStructs\PositionTexturePixel.hlsl"

/* Constants /

// Alpha channel clip threshold
static const float ClipThreshold = 0.001;

/* Textures and samplers *hKKK kkkk *kx /
H#if OPENGL

[[vk::binding(0)]1]

Helif VULKAN

[[vk::binding(®, 1)1]

#endif

Texture2D<floatd> Texture : register(t0);

H#if VULKAN

[[vk::binding(1, 1)1]

Hendif

SamplerState TextureSampler : register(se);

/* Pixel shader xx /
floatd PS(PositionTexturePixel pixel) : SV_Target®
{
// Get the colour
floatl colour = Texture.Sample(TextureSampler, pixel.TextureCoordinate);

// Clip pixels that are transparent
clip(colour.a - ClipThreshold);

return floatd(colour.rgb, 1);

}

Figure 28 Pixel shader used to render a cube.

// Auto Generated File. Do not modify.

using System;

using CyberneticGames.CyberEngine.Data;

using CyberneticGames.CyberEngine.Graphics;
using CyberneticGames.CyberEngine.Mathematics;

namespace CoreTester.Graphics
public partial class MeshGraphicsProgram
public static readonly DescriptorTable PixelDescriptorTable = new DescriptorTable(ShaderStage.Pixel,
new[]

new DescriptorElement(DescriptorType.SampledTexture),

b;

public static void SetTexture(IDescriptorBinding descriptorBinding, int tableIndex, ITextureView texture,
ITextureSampler textureSampler)
=> descriptorBinding.SetSampledTexture(tableIndex, 0, texture, textureSampler);

}

Figure 29 Auto generated descriptor table and method to the set the texture and texture sampler. Any changes
made to the shader will automatically regenerate the C# code.
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GEOMETRY SHADER

CyberEngine supports vertex, geometry, pixel, and compute shaders.

CE WindowTitle - a x

Direct3D11 [12.1]
FPS: 961

Frame: 0.092 ms

Escape to quit.

Figure 30 Example of a geometry shader rendering the normals of the points and face of triangles.

COMPUTE SHADER

An example of a compute shader that generates the visible geometry from a 3D voxel
texture.

CE WindowTitle - a X

Direct3D11 [12.1]
FPS: 946
Frame: 0.082 ms

Press E to update voxels
Component: VoxelTest

Press Tab to switch component. Escape to quit

Figure 31 Compute shader generating visible geometry from a 3D voxel texture.

13



An example of a compute shader executed in a console application to create a noise texture
and save to an image.

Figure 32 Voronoi noise texture generated on the GPU.

USER INTERFACE

A user interface framework inspired by WPF created from scratch, supports controls, control
styles, and data binding. The user interface is rendered through a drawing interface allowing
it to be decoupled from the graphics APIs including Direct3D 11, Direct3D 12, OpenGL, and
Vulkan. This also enabled the ability to render to an image, allowing automated tests to be
debugged by viewing the results of the Ul.

STYLING

An example of a Button style is shown below. It illustrates setting default properties and
changing properties on triggers.
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<c:Style TargetType="{c:Type Button}">
<c:Setter Property="Button.Margin" Value="3" />
<c:Setter Property="Button.Padding" Value="2" />

<c:Setter Property="TextBlock.Foreground" Value="#ffffff" />
<c:Setter Property="Button.Background" Value="#262626" />
<c:Setter Property="Button.BorderBrush" Value="#666666" />
<c:Setter Property="Button.BorderThickness" Value="1" />

<c:Setter Property="Button.Template">
<c:Setter.Value>
<c:Template>
<Border Background="{c:TemplateBinding Background}" BorderBrush="{c:TemplateBinding BorderBrush}"
BorderThickness="{c:TemplateBinding BorderThickness}">
<ContentPresenter Margin="{c:TemplateBinding Padding}" />
</Border>
</c:Template>
</c:Setter.Value>
</c:Setter>

<c:Style.Triggers>
<c:PropertyTrigger Property="Button.IsMouseWithin" Value="True">
<c:Setter Property="TextBlock.Foreground" Value="#ffffff" />
<c:Setter Property="Button.Background" Value="#1eb300" />
<c:Setter Property="Button.BorderBrush" Value="#158000" />
</c:PropertyTrigger>

<c:PropertyTrigger Property="Button.IsPressed" Value="True">
<c:Setter Property="TextBlock.Foreground" Value="#ffffff" />
<c:Setter Property="Button.Background" Value="#158000" />
<c:Setter Property="Button.BorderBrush" Value="#116600" />
</c:PropertyTrigger>

<c:PropertyTrigger Property="Button.IsEnabled" Value="False">
<c:Setter Property="TextBlock.Foreground" Value="#999999" />
<c:Setter Property="Button.Background" Value="#lalala" />
<c:Setter Property="Button.BorderBrush" Value="#333333" />
</c:PropertyTrigger>
</c:Style.Triggers>
</c:Style>

Figure 33 Button style.

DATA BINDING

An example of how data binding is configured is shown below. Data binding relies on
reflection to resolve properties. Events can also be hooked up to the code file by name, or
can be bound to a view model command adhering to the MVVM design pattern.

<TabItem Header="Button">
<StackPanel>
<TextBlock Name="ButtonTextBlock" />

<Button Click="Button_Click">
<TextBlock Text="Button" />
</Button>

<RepeatButton Click="RepeatButton_Click">
<TextBlock Text="RepeatButton" />
</RepeatButton>

<ToggleButton Name="ToggleButton">
<TextBlock Text="ToggleButton" />
</ToggleButton>

<TextBlock Text="{c:Binding Source={c:NamedElementBindingSource ToggleButton}, IsChecked}" />
<TextBlock Text="Text to show and hide with toggle button"

Visibility="{c:Binding Source={c:NamedElementBindingSource ToggleButton}, IsChecked,
Converter={c:Resource BooleanToVisibilityConverter}}" />

Figure 34 Portion of Ul for the buttons illustrating the link to actionable events and data binding.
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EXAMPLES

Below are a few screens from a test application showing some of the controls.

CE WindowTitle [m] had

Direct3D11 [12:1]
FREEnzsgem 1 Menu liem2  Menu ltem 3

TS A

Print Visual Tree

Print Logical Tree

Shapes| Content| Text Button ItemsControl  Slider| Progress Bar| ScroliBar| |ScrollViewer |ListBox| |Popup| ToolTip |MenuScreen |Windows |Images| TextBox Game Component
Updated text when Button was clicked. 2023 Aug. 3 12:17:06:9391 AM
Button

RepeatiButton

ToggleButton
False

Hover Button

Press Button

Release Button
Disabled Hit Test

No Hit Button
Disabled Hit Test

Figure 35 Part of a test user interface showing a tab control with the buttons currently selected.

CE WindowTitle a x

Direct3D11[12:1]
FPEEmgdem 1 Menu item 2 Menu Item 3

T A e
Print Visual Tree

Print Logical Tree

Shapes Content Text| Button ItemsControl Slider Progress Bar ScroliBar| ScrollViewer |ListBox Popup| ToolTip MenuScreen Windows Images TextBox Game Component

25.165562913907284

18

41.02564102564103

Figure 36 lllustration of the sliders tab with a binding for the slider value to the text block.
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CE WindowTitle

Direct3D11[12:1]
FPEEmsi{em 1 Menu ltem2  Menu ltem 3
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Print Visual Tree

Print Logical Tree

Shapes| Content Text Button HemsControl Slider Progress Bar| ScrollBar ScrollViewer
Deselect Add Remove Move Down Move Up Replace Clear

One
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Item 1
Three

Item 2

e T I I TIIS TEAT SITOWS 0N &l TIemTs

Name 2 I I This text shows on all items

Name 3 - Changing this item I 3 I This text shows on all items
MName 4 I 4 I This text shows on all items

Name5 m 5 m This text shows on all items
XpfGameTester.PersonViewModel
Name 3 - Changing this item
d

Name 3 - Changing this item

This text shows on all items

Figure 37 List control allowing the selection of items and command buttons that perform actions on the list

LisiBox |Popup ToolTip| MenuScreen |Windows| |Images TextBox |Game Component

items. The lower portion is also bound to the selected item and can be edited with a text box.

CE WindowTitle

Direct3D11[12:1]
FREnradem 1 Menu liem2 Menu liem 3

PRSI RTY

Print Visual Tree

Menu Item 3.1

Menu ltem 3.2
Print Logical Tree \
Menu Item 3.3

Shapes| Content| Text| Buiwn| memsconuol |Slider| Progress Bar| | ScrollBar| | ScrollViewer| |LisiBox| |Popup| ToolTip |MenuScreen| |Windows |Images| TexiBox Game Component

Figure 38 3D viewport within the user interface.
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3D Ul

The user interface can be drawn to a render target and later rendered on to a 3D object. User
input is transformed into the 3D scene so it can be interacted with.

CE WindowTitle [m]

Direct3D11 [12.1]

FPS: 865

Frame: 0.116 ms

Render time: 2023 Aug. 3 12:22:03:8238 AM
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Press F1 and F2 to cycle user interfaces. F3 to toggle random movements. Escape to quit.

Figure 39 User interface that is rendered onto a 3D quad and also is intractable.

CE WindowTitle O
Direct3D11 [12.1]
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Frame: 0.110 ms
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Press F1 and F2 to cycle user interfaces. F3 to toggle random movements. Escape to quit

Figure 40 User interface rendered onto a half cylinder.
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WPF

A game control for WPF allows scenes to be hosted in WPF applications. Support exists for
all graphics APIs. Since WPF runs on Direct3D 9, render targets must be copied to a Direct3D
9 texture for display in WPF applications.

B MainWindow =] - O *

Test

Show Game Control

Direct3D11 [12.1]
FPS: 60
Frame: 0.097 ms

KeysDown: None
KeysReleased:
KeysPressed:
KeysPressedRepeat:

Input:

MouseScreenPaosition: X: 1092 Y 1-‘1
MeousePositien: X: 660 ¥: 137 '
MouseDelta: X: 0 Y: 0
MouseButtonsDown:
MouseButtonsReleased:
MouseButtonsClicked:
MouseButtonsDoubleClicked:
MouseWheelDelta: 0

IsMouseOver: True

Figure 47 WPF component to render a scene within a WPF application. Direct3D 117 illustrated in this example.

&7 MainWindow = - o X &7 MainWindow = - o X

Test Test
Show Game Control Show Game Control

Direct3D12 [12.1]
FPS: 60

Frame: 0.076 ms

KeysDown: \ KeysDown: None
KeysReleased.
KeysPressad
KeysPressedRepeat

Figure 42 Same WPF example rendered with Figure 43 Same example rendered in Vulkan.
Direct3D 12.

19



B MainWindow = - m] x

Test
Show Game Control

OpenGL [4.6]
FP5: 87
Frame: 0.178 ms

KeysDown: Mone
KeysReleased:
KeysPressed:
KeysPressedRepeat:

Input

MouseScreenPosition: X: 1198 Y: 4
MousePosition: X: 984 Y: 193
MouseDelta: X:0Y: 0
MouseButtonsDown:
MouseButtonsReleased:
MouseButtonsClicked:
MouseButtonsDoubleClicked:
MouseWheelDelta: 0
IsMouseQver: False

Figure 44 Same WPF example rendered with OpenGL. This example has incorrect colours due to differing render
target formats with OpenGL and WPF. RGBA and BGRA are swapping the red and blue channels. This can be
seen as the grey and green appear correct, but the blue and yellow are not.

PHYSICS

CyberEngine contains a constraint based physics engine. Narrow phase collision detection
uses optimized algorithms between common shapes and GJK, which can be extended to
support custom convex hulls. Collision response uses an iterative solver that supports
contact manifolds and static and dynamic friction.

CE WindowTitle - m] X

Direct3aD11 [12.1]

FPS: 369

Frame: 0.411 ms

Energy: 0

Active Objects: 1

Inactive Objects: 0

Position: X: 9.60 Y- 0.72 Z: -9.15

Velocity: X: 0.00 Y: 0.0 0.00

Rotation: X: -0.42 Y: 0.45 Z: -0.75 W: -0.26
Angular Velocity: X: -0.00 Y: -0.00 Z: -0.00

Up, Down, Left, Right, PageUp, PageDown to move the object. WSADRF to move and the mouse to aim the camera. Escape to quit.

Figure 45 Cube within a physics engine debugger illustrating the AABB and contact normals.
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MODELS

CyberEngine supports 3D models and animation. The content pipeline supports Collada and
GLTF files. A test application to view models and animations is illustrated below.

Model Tester

Direct3D11 [12.1]
FPS: 60
Frame: 0.196 ms Nodes

Draw Wireframe Draw Bones Flatten Merge

w Branches.Export
Branches.Export

w Tree.Export
Tree.Export

Part

Name: Branches.Export
Vertex Count: 320
Index Count: 480

¥ | Visible
TranslationX
TranslationY
TranslationZ
RotationX
RotationY

RotationZ

Animations

Split

Figure 46 3D model renderer hosted in a WPF application.

INSTANCED ANIMATION

Multiple skinned model instances with bone vertex weights can be rendered in a single draw
call using instanced geometry and an array of bone transforms for each instance.
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CE WindowTitle a

Direct3D11 [12.1]
FPS: 120
Frame: 0.442 ms

Press Tab to switch models. Escape to quit

Figure 47 Instanced skeleton model rendering where each model has its own skeletal animation.

LINUX

CyberEngine supports Linux using OpenGL and Vulkan.

WindowTitle - -

—

I"#5% & " ()*+,-./0123456789:

OpenGL [3.3] |
EPS: 60 Hello World!

Frame: 1.526 ms

Manuel Marquez test!

Figure 48 Sprite example captured running on Linux Mint within a virtual machine using OpenGL.
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VISUAL STUDIO

PROJECT SYSTEM

CyberEngine uses a Visual Studio extension to provide a custom project type for game
content. The project system is built on MSBuild, so it can be supported in Visual Studio and
integrate with C# projects that also use MSBuild. It allows content files to be added to a
project and configure importers to handle processing and writing the compiled content file.

4 cE PlanetMapViewerContent |
o0 References

4 Fl Fonts
&l Debugxml
Gl Fontxrml
4 [ Shaders

) PlanetPlanePs.hisl
© PlanetPlaneVs.hisl
) PlanetPs.hisl
) PlanetVs.hisl

Figure 49 Custom game content project type within the Visual Studio Solution Explorer.

PROJECT FILE

During game execution, the file is read which contains the reader type name to properly
parse and load the content. The importers are decoupled from the readers so the writers do
not need to be shipped with the game.

<ItemGroup>
<PackageReference Include="CyberneticGames.CyberEngine.Content.Pipeline" Version="1.x" />
<PackageReference Include="CyberneticGames.CyberEngine.Content.Pipeline.Direct3D11" Version="1.*" />
<PackageReference Include="CyberneticGames.CyberEngine.Graphics" Version="1.%" />
</ItemGroup>
<ItemGroup>
<Content Include="Shaders\MeshVS.hlsl">
<Importer_Type>CyberneticGames.CyberEngine.Content.Pipeline.CrossShader.VertexShaderImporter</Importer_Type>
<Importer_EntryPoint>VS</Importer_EntryPoint>
<Importer_Profile>vs_u_0</Importer_Profile>
<Importer_EnableDebugging Condition=""'$(Configuration)' == 'Debug'">True</Importer_EnableDebugging>
<Importer_Direct3Dl1Version>u.0</Importer_Direct3Dl1lVersion>
<Importer_Direct3Dl2Version>uU.0</Importer_Direct3Dl2Version>
<Importer_OpenGLVersion>330</Importer_OpenGLVersion>
<Importer_VulkanVersion>u50</Importer_VulkanVersion>
</Content>
<Content Include="Shaders\MeshPS.hlsl">
<Importer_Type>CyberneticGames.CyberEngine.Content.Pipeline.CrossShader.PixelShaderImporter</Importer_Type>
<Importer_EntryPoint>PS</Importer_EntryPoint>
<Importer_Profile>ps_u_0</Importer_Profile>
<Importer_EnableDebugging Condition=""'$(Configuration)' == 'Debug'">True</Importer_EnableDebugging>
<Importer_Direct3Dl1Version>U.0</Importer_Direct3Dl1lVersion>
<Importer_Direct3D12Version>U.0</Importer_Direct3Dl2Version>
<Importer_OpenGLVersion>330</Importer_OpenGLVersion>
<Importer_VulkanVersion>U450</Importer_VulkanVersion>
</Content>
</ItemGroup>

Figure 50 Excerpt from a custom game content project illustrating how assets are configured. NuGet packages
are added to the project that contain the content pipeline assemblies.
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NUGET

The importers are contained in assemblies and packaged into NuGet packages which can be
added to any game content project. The project type in Visual Studio supports using the
NuGet package manager to manage NuGet packages for the project.

Browse Installed Updates NuGet Package Manager: PlanetMapViewerContent

Search (Ctrl+L) pelid 'i'_:' Include prerelease Package source:  |All = @

CyberneticGames.CyberEngine.Content.Pipeline by Cybernetic Games 11372
CyberneticGames.CyberEngine.Content.Pipeline

‘ CyberneticGames.CyberEngine.Content.Pipeline.Direct3D11 by Cybernetic Games  1.1.372
CyberneticGames,CyberEngine.Content.Pipeline.Direct3D11

CyberneticGames.CyberEngine.Graphics by Cybernetic Games 11372
CyberneticGames.CyberEngine. Graphics

Figure 57 Captured within Visual Studio illustrating full NuGet support for the custom game content project type
within the IDE.

VEGABOT

Vegabot is a game built on CyberEngine that includes an orbital mechanics simulator. A few
images captured from tools and test applications are shown below.

% TestPlanet - Vegabot Editor

File Tools Help

TestPlanet X

Direct3D11 [12.1] Planet X | Atmosphere X ||Export X
FPS: 60

Frame: 5.289 ms Planet Section

CPU Draw Planet: 0.00 = =

CPU Draw Planet Entities: 0.00 Diffuse | Height | Normal [Pbe
CPU Draw Entities: 4.20 5

GPU Draw Planet: 0.00 Solid’| Wireframe

GPU Draw Planet Entities: 0.00 y

GPU Draw Entities: 0.00 peLere

Value 1: 0.5

Value 2: 0.5

Value 3: 0.5

Value 4: 0.5

Value 5: 0.5

Value 6: 0.5

Value 7: 0.5

Value 8: 0.5

Figure 52 Planet editor built within WPF.
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TestPlanet - Vegabot Editor
File Tools Help
TestPlanet X

Direct3D11 [12.1]

FPS: 61

Frame: 5.315 ms

CPU Draw Planet: 0.00

CPU Draw Planet Entities: 0.00
CPU Draw Entities: 5.30

GPU Draw Planet: 0.00

GPU Draw Planet Entities: 0.00
GPU Draw Entities: 0.00

Figure 53 View closer to a planet surface within the editor.

% TestPlanet - Vegabot Editor
File Tools Help
TestPlanet X

Direct3D11 [12.1]

FPS: 60

Frame: 3.774 ms

CPU Draw Planet: 0.00

CPU Draw Planet Entities: 0.00
CPU Draw Entities: 5.00

GPU Draw Planet: 0.00

GPU Draw Planet Entities: 0.00
GPU Draw Entities: 0.00

Figure 54 Planet with increased Rayleigh and Mie scattering coefficients.
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Planet X | Atmosphere X |Export X
Planet | Section

Diffuse | Height | Normal “Pbr
Solid | Wireframe

Value 0: 0.5

Value 1: 0.5

Value 2: 0.5

Value 3: 0.5

Value 4: 0.5

Value 5: 0.5

Value 6: 0.5

Value 7: 0.5

Value 8: 0.5

Planet X 'Atmosphere X | Export X
Rayleigh

4 4.700000e-029
Mie

4 2.620000e-004
Asymmetry Factor

1 -095
Atmosphere Thickness

4 51400
Rayleigh Scale Height

4 5120
Mie Scale Height

1 2560
Sun Angle




) TestPlanet - Vegabot Editor

File Tools Help
TestPlanet X

Direct3D11 [12.1]

FPS: 61

Frame: 3.842 ms

CPU Draw Planet: 0.00

CPU Draw Planet Entities: 0.00
CPU Draw Entities: 5.52

GPU Draw Planet: 0.00

GPU Draw Planet Entities: 0.00
GPU Draw Entities: 0.00

Figure 55 View of planet atmospheric scattering with the sun behind a planet.

Planet X | Atmosphere X |Export X
Rayleigh

4 2.440000e-029
Mie

4 7.200000e-005

Asymmetry Factor

4 -095

Atmosphere Thickness

4 51400
Rayleigh Scale Height

1 5120
Mie Scale Height

4 2560

Sun Angle

< 1.5600000000000007

CE WindowTitle

Direct3D11 [12.1]
FPS: 122

Figure 56 Voxel surface editing and rendering example with differing LODs.
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CE WindowTitle

Direct3D11 [12.1]

FPS: 206

Orbital Time 69.26638960000008

Orbital Speed 1

Orbital Time Offset 0

Solar System Camera X: 9635290.81 Y: 2125513.75 Z: 23069150.02

Figure 57 Example of planets and orbital lines within the orbital mechanics simulator.
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