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Abstract
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wstructs
— < Material
CJIDisposable +SpecularSharpness : float
+QOpacity : float
+Default : bool

(e /‘ RenderContext11

#desc : SwapChainDescription
-device : Device

+devContext : DeviceContext
+swapChain : SwapChain
#factory : Factory

#backBuffer : Texture2D
#renderView : RenderTargetView
#sampler : SamplerState
#depthBuffer : Texture2D
#depthView : DepthStencilView
-currentBlendMode : BlendMode = BlendMode.None

dard8 B |

-currentDept : Deptt = Dep Off

-standardDepthStencilStates : DepthStencilState[]

-currentCullMode : TriangleCullMode = TriangleCullMode. CullClockwise
dardR: izerStates : R i {]

-viewPort : ViewportF

+DisplayViewport : Viewport

+ : =

+RenderType : ImageSetType = ImageSetType.Sky

-view : Matrix3d

+ExternalProjection : bool = false

-projection : Matrix3d

-world : Matrix3d

-worldBase : Matrix3d

#mainTexture : Texture11

+CameraPosition : Vector3d

-ambientLightColor : SysColor = SysColor.Black

-hemiLightColor : SysColor = SysColor.Black

+hemiLightUp : Vector3d

-sunlightColor : SysColor = SysColor. White

-sunPosition : Vector3d

-reflectedLightColor : SysColor = SysColor.Black

-reflectedLightPosition : Vector3d

-lightingEnabled : bool = true

-twoSidedLighting : bool = true

-eclipseShadowMatrices : Matrix[] = new Matrix{PlanetShader11.MaxEclipseShadows]
-shader : PlanetShader11

+SetDisplayRenderTargets() : void
+SetOffscreenRenderTargets(targetTexture:RenderTargetTexture, depthBuffer.DepthBuffer) : void
+SetOffscreenRenderTargets(targetTextureView:RenderTargetView, depthBufferView:DepthStencilView, width:int, height:int) : void
+GetScreenBitmap() : System.Drawing.Bitmap

+GetScreenTexture() : Texture11

+ClearRenderTarget(color: SharpDX.Color) : void

+ClearStencilOnly() : void

+Resize(height:int, width:int) : void

+PreDraw() : void

+ComputeFrustum(projection:Matrix3d, frustum:PlaneD[]) : void

+MakeFrustum() : void

+SetMaterial(material:Material, diffuseTex Texture11, specularTex Texture11, normalMap:Texture11, opacity:float) : void
+8etupPlanetSurfaceEffect(key:P| y, opacity:float) : Pl 11
+DisableEffect() : void

+SetupBasicEffect(e: BasicEffect, opacity:float, color:SysColer) : void
+Present(frameSync:bool) : void

+setRasterizerState(cull: TriangleCullMode, multisample:bool) : void

index:int, state: p - void
tUpdalaijac[mnConstantBuﬂers() void
@ BlendMode £ J
E il &
None, ODepihStenmande '\DTr\angleCul\Made I} 1 \
AR, o off (©)7exture20| (€)RenderTargat (©)o iview (€)Texure11 ((€)Planetshadert1
Additive, ZReadOnly, : ) g exiure g ender] arg . 4 g xureld  ggFianetShader
o CullClockwise,
PremultipliedAlpha, ZWriteOnly, CullCounterClockwise.
BlendFactorinverseAlpha, ZReadWrite e 85

NoColorWrite,
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-nextlD : int=0

-texture : Texture2D

-resourceView : ShaderResourceView
+Width : int

+Height : int

#savedStrem : byte[] = null
+SaveStream : bool = false
+SaveStream : bool = false

+Texture11(t:Texture2D)

+Texture11(t:Texture2D, noResourceView:bool)

+Dispose() : void

+FromFile(fileName:string) : Texture11

#promoteFormatToSRGB(format : Format) : Format

#isSRGBFormat(format : Format) : bool

+FromFilelmediate(device:Device, filename:string, options:LoadOptions) : Texture11

+FromFile(device:Device, fileName:string, options:LoadOptions) : Texture11
+FromBitmap(bmp:object) : Texture11

+FromBitmap(bmp:object, transparentColor:uint) : Texture11
+FromBitmap(device:Device, bitmap:object) : Texture11

#lsPowerOf2(x : uint) : bool

+FromStream(stream:Stream) : Texture11

+SaveToFile(filename:string) : void

+FromStream(device:Device, stream:Stream) : Texture11

_ @TextureZD @ShaderResourceView
None= 0x0,
AssumeSRgb= 0x1,

4-5 ZUHKE

24



K r S

AT SR W &5 77 H7, 7T B T RSO B A K R, DT B A B
TARGRE . 20k, 26 SRR R, DU INE it R s 4 B SCAEIB AT I IR

TERAE. W& 4-6 NSRBI R .

l

RIRAEFR ENKIIREER

TEANENRAIN S

UEEHRAPNG

BEARFR

BIZEERINEER

iTiEsgiaE HSRGB

ieEEGINEER

&m

K 4-6 SrHEEHRE K
25

NEESREE
F2RIBEURE EEABE &
| A p—sk4E/N l
—EA9(E EfsaE
tliEsae
‘ IR |
R ETFY
BESgE |
iTRESRESRGB
el Tve
B g
E%TFI



4.4

OGS T EI R R EE R E Lo JURTEE # AT A B AE G, D556 P o
RAEE .

IINTIER G B R s, TR E R T RE RS L, A Rex A G as ARG AT T
ST HTEORRGEIR, WEANRGE SO PTMEhE& STl G2 b
ZH. Bk, FEWEORRG ) BAT RGOS, WPRE QRGO E = TRk
17000 o WA B TR DR M SEIL R B, AT DASE A s (g RS TR
o
4.4.1

FEE GG Erh, ERVE LR RS ER A 3 DI stiy ) LT Hiid e — 2R O fir
BN 1] B REASEAR LIS, AR R SR AL A A2 R 2 DEMR ) — R AP BR GEQYE
et Vr 2 B IRALR, AP —AMBD Y. Wl 4-7 iR, ATEGL S| EE Y E 2
AT B, AR AW BARSCII AF B . PR R BV 7 Sk R i B B nT
DA I AE S CEcH e v B R 2 TR e 5 SR L8 TF R N T g BB B R I
I ATE G 2 ) L B

(D MNERHE (I npAsts emb | er St age

i NBEBC T BO A TR S BT R AR 51 B, R e B & 08 J LT B oo . Gl
MBI BTSN R BEM =M.

(2) TAEEOBRNWE (Ver 8kader Stage

SERE ORI SS , TSR IR AR T i 5 AR I B . B I 32 A R RN 1) T LAAT T
WREAT AR AN, I A4 5 B 45 R4 T — DB ETUSE asbr B, &AM
NI R o B AL B — 0, 1z B 0% H Gl & B TR o B A LAt s 1 (i
SUHAABREED o

(3) MM PME (TesselSt a@agieon

fHH TF 4 73 A2 4 SN = A TR B 7 2O — S WA B = A TR BEAT 40 7, XSS s Ny
AT DR B — N RIALE, LR AT N .

(4 JUTEORINE (Ge o meéSthrayder) St age

JUART 36 €0 85 R VR G 2k rhont S B I B T HEAT T SR AL LA P R o B o (EVE G|
Hr, JUTE s T R N REE, JFHIATAE P, T8 4% 51 BAR Y 2 15 75 ZAM B
ISR E 2 113 7 ZE N LT (i

26



K r S

FEH 45 TR LA e (St r eam OWE fitkt JUBGEGELI
e T ACHCHE T R B A A R — AN TR G2 P XN, TR DA VE Y 2 ) B S B B e

(5 JeHMHMETE. (Ra st &rtiager

SR B AR S R BT A MR &R, TR R MR R AT AR, iR AR
RN 2 KA

(6) GREOBRINE (Pi xSehlader St age

BRECBRZBITRAN BRI E NE GP UEHATINIL . G RE QRS E
FEACHMEIT BARMA TR R B, b Sl — Bt fEE s, RRE RS
HIFF RN G4 5E 1 o

(D WM& HMmE (Out Mer ger) St age

MEBEEFBRBBREEORERCE, ENSAERERERN RGN, 15
ZB, FBRABSEER . KREANBRTBRSWENGEEMX.

27



GPUSE EaX Wig

WMNRECRIRS

(Input-assembler Stage)

&

TR E@esinER W
(Vertex Shader Stage) J

v

FEEREENE
(Hull Shader Stage)
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(Pixel-Shader Stage)
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5 | PlanetShaderKey
+eclipseShadowCount : int
+overlayTextureCount : int
+lightCount : int
+style : PlanetSurfaceStyle
+textures : SurfaceProperty
+flags : Shaderflags
+HasAtmosphere : bool
+HasRingShadows : bool
+TwoSidedLighting : bool
+AlphaTextum bool

T ePl . ia h TSP o [ bad,

ountint)

ul
+hasTexture(p:SurfaceProperty) : bool

OPlanetSurfaceStyla

Diffuse, @ ShaderFlags
DiffuseAndNight, QSurﬁcerpeny None= 0x0,

Specular, None= 0x0, Atmosphere= 0x1,
SpecularPass, Diffuse= 0x1, RingShadows= 0x2,
Emissive, Specular= 0x2, TwoSidedLighting= 0x4,
Sky, Normal= 0x4, AlphaTexture= 0x8,
PlanetaryRings, PerVertexColor= 0x20,
LommelSeeliger,

+E

€ PlanetShader11

-pixelShader : PixelShader = null
-vertexShader : VertexShader = null
-geometryShader : GeometryShader = null
-pixelShaderBytecode : byte[]
-vertexShaderBytecode : byte(]

“bytel

-geometryShaderBytecode
kny PIavahadarKey

-constants : PlanetShaderConstants
+shaderValues : ShaderValues
+GetShaderValues : ShaderValues

-layoutCache : InputLayout{] = new InputLayout((int)StandardVertexLayout Count] € PixelShad
oA Saves e

plos e, Anesheicte. o
1
+us¢(oontextDevtoeConte)«) void
+GetPlanetShader(device:Device, style:Pl +. 1a ackesactal

ountint) ; PlanetShader11

+SetOverlay rlayindexint, m:Matrix) : void

*SotOvedayTextureColor(owdaylndexmt color:SysColor) : vold
+SetOverlay y : void
+SetLightDirection(lightind < void
GSeﬂJgMCobrﬂlghtlndmcmt viVector3) : void
< string, pi < string) : void
-Realize(device : Device) : vold
+inputLay P d\ ayout) : InputLayout
$ | ShaderValues
+EclipseShadowCount : int
+Opacity : float
+WVPMatrix : Matrix
+WorldViewMatrix : Matrix
+Eclip bad, e
e P View
+SpocularTaxturv ShaderRssoume Rro
lnel ot i Pgt = : S S v o
= . + igl 3 ion, e
£ PlanetShaderKeyComparer +HemiLightColor : Vector3 PositionNormal, : A ot ioht : float
q had y, k1:Pl had :bool +HemilightUpDirection : Vector3 PositionNormalTex, 5 Atmos gF |us ﬂ ook
+GetHashCode(k:PlanetShaderKey) : int +CameraPosition : Vector3 PositionNomal'l’an, Jeight : float

+DiffuseColor : Vectord
+SpecularColor : Vectord
+SpecularPower : float

Count,

+AtmospherelnvScaleHeight : float
+AtmosphereCenter : Vector3
+SunDirection : Vector3
+SpecularPower : float
+AtmosphereHeight : float
+AtmosphereZeroHeight : float
+AtmospherelnvScaleHeight : float
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float4x4 matWVP -

C2

C3
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float4x4 matWV C6

C7

float opacity Cc8

float sunDirection C9
float cameraPosition C10
float3 rayleighScatterCoeffl C11
float atmosphereHeight Cl2
float atmosphereZeroRadius | G13
float atmosphereInvScaleHeight Cl14
float3 atmosphereCenter €15
C16

float4x4 matEclipseShadow0 L
C18

C19

C20

s : C21
float4x4 matEclipseShadowl 22
C23

C24

float4x4 matEclipseShadow2 5
C26

C27
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— . C29

float4x4 matEclipseShadow3 30
G31
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C33

float4x4 matOverlayTextureQ C34
C35

C36

C37

float4x4 matOverlayTexturel 38
C39

C40

float4x4 matOverlayTexture2 L
C42

C43

C44

C45

float4x4 matOverlayTexture3 C46
C47

float3 lightDirection0 C48
float3 lightColor0 C49
float3 lightDirectionl C50
float3 lightColorl C51
float3 lightDirection2 C52
float3 lightColor2 C53
float3 lightDirection3 C54
float3 lightColor3 C55
float3 ambientLightColor C56
float4 diffuseColor C57
float3 hemiLightColor C58
float3 hemiLightUp C59
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(4) ShaderBundle
-vertexShader : VertexShader
-pixelShader : PixelShader
-geometryShader : GeometryShader
-vertexShaderBytecode : byte[]
-pixelShaderBytecode : byte[]
-geometryShaderBytecode : byte[]
+key : string
#CompiledVertexShader : VertexShader
#CompiledPixelShader : PixelShader
#CompiledGeometryShader : GeometryShader
+CompileAndSaveShaders() : void
#GetPixelShaderSource(profile : string) : string
#GetVertexShaderSource(profile : string) : string
#«virtual» GetGeometryShaderSource(profile : string) : string
+«virtual» isFeatureLevelSupported(level:FeatureLevel) : bool
+CompileShader(vertexProfile:string, pixelProfile:string) : void
+ShaderBundle()

@' SimpleLineShader11
-instancs : SimpleLineShader11
+Shader ; VertexShader
+PlxelShader : PixelShader
+Color : SysColor
+WVPMatrix - Matri
+C Position - :
+Sky : bool
-constants : LineShaderConstants
-layout : InputLayout
#constantBuffer : Buffer
+ShowFarSide : bool
+Use(context:DeviceContext) : void
#GetPixelShaderSource(profile : string) : string
#GetVertexShaderSource(profile : string) : string
#GetGeometryShaderSource(profile : string) : string
“#initialize() : void

/
/-

@_\)VertexShader @_\;\-‘PierShader ‘@_\,JSySColor @)‘Matrix '@)‘VectorS
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@ z5ealeds
ShaderLibrary
-campiledShaders : Dictionary<string, byte[]=>
-shaderLevels | ShaderLevel]]

+instance . ShaderLibrary

+PrecompiledShaderFile : string
+UsePrecompiledShaders : boal

-instance : ShaderLibraty = InitShaderLibrary()

-ShaderLibrary()

+nitShaderLibrary() : ShaderLibrary

+DumpShaderLibrary() : void

#SaveFrecompiledShaders() . void

#LoadPrecompiledShaderLibrary(stream : System 10 Stream) : Dictionary<string, byte[]=
+compileShader{key:string, sourceText string, entryPaint: string, profile: string) © byte(]
+getShaderBytecode(key: string, sourceText:string, entryPoint string, profile:string) © byte(]

P

@ e structs
ShaderLevel
+HeaturelLevel . FeaturelLevel
+vertexFrofile : string

+pixelProfile : string
+geametryProfile : string

v
(C) FeatureLevel
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float4 PSMain(VS_OUT In) : SV_TARGET

{
float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord);
float3 litDiffuseColor = localDiffuseColor.rgb;
float4 color = float4(litDiffuseColor, localDiffuseColor.a);

return color;

}
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1. float4 PSMain(VS_OUT In) : SV_TARGET

2. {

3. float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord)
4 float3 N = normalize(In.ObjNormal);

5 float3 litDiffuseColor = ambientLightColor;

6. litDiffuseColor += hemiLightColor * (©.5 * (1.0 + dot(N, hemiLightUp)));
7 {

8 float3 L = lightDirection®;

9 float3 lightColor = lightColore;

10. float NdotL = dot(N, L);

11. litDiffuseColor += max(@.@, NdotL) * lightColor;

12. }

13. litDiffuseColor *= localDiffuseColor.rgb;

14. float4 color = float4(litDiffuseColor, localDiffuseColor.a);

15 float4 shadow = 1.0;

16 return color;

17. }
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41.
42,

VS_OUT VSMain(VS_IN In)

{

float3 extinctionCoeff = rayleighScatterCoeff; // +mieScatterCoeff
float3 objPos = In.ObjPos + atmosphereCenter;
float3 camPos = cameraPosition + atmosphereCenter;
float atmRadius = 1.8 + atmosphereHeight;
float3 v = objPos - camPos;
float a = dot(v, v);
float b = dot(v, camPos);
float ¢ = dot(camPos, camPos) - atmRadius * atmRadius;
float t = max(@.@, (-b - sqrt(b * b - a * ¢)) / a);
float3 atmIntersection = camPos + t * v;
float atmDistance = distance(atmIntersection, objPos);
float3 inscatter = ©.8;
float opticalDepth = ©.8;
float3 p = atmIntersection;
float3 step = (objPos - p) / 5.8;
for (int 1 = @; 1 < 5; ++i) {
float pDotS = dot(p, sunDirection);
b = pDotS;
¢ = dot(p, p) - atmRadius * atmRadius;
float u = -b + sqrt(max(8.8, b * b - c));
float hMid = length(p + sunDirection * (u * ©.5)) - atmosphereZeroRadius;
float tau = u * exp(min(5@.0, -atmosphereInvScaleHeight * hMid));
float distToCenter = length(p - pDotS * sunDirection);
float blockedFraction = 1.8 - clamp((distToCenter - ©.8 * atmosphereZeroRadius) / (©.2 * atmosphereZeroRadius), ©.0, 1.9);
¢ = dot(p, p) - atmosphereZeroRadius * atmosphereZeroRadius;
if (b *b - c >= 0.0 && -sqrt(abs(b * b - ¢)) > b) tau = max(tau, 50.0 * blockedFraction);
float h length(p) - atmosphereZeroRadius;
float d = exp(-atmosphereInvScaleHeight * h);
inscatter += d * rayleighScatterCoeff * exp(-(opticalDepth + tau) * extinctionCoeff);
opticalDepth += d * atmDistance / 5.8;
P = p + step;

¥

float hMid = length((atmIntersection + objPos) * @.5) - atmosphereZeroRadius;
Out.AtmosphereExtinction.rgb = exp(-opticalDepth * extinctionCoeff);

Out.AtmosphereExtinction.a = hMid;

float mu = dot(v, sunDirection) / length(v);

float3 inscatterColor = pow(inscatter * atmDistance / 5.8, 1.8);

Out.Atmospherelnscatter = float4(inscatterColor, opacity * dot(float3(2.@, 3.0, 4.0), inscatterColor));
return Out;
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1. float4 PSMain(VS_OUT In) : SV_TARGET

2. {

3. float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord)
5

4 float3 N = normalize(In.ObjNormal);

5 float3 litDiffuseColor = ambientLightColor;

6. litDiffuseColor += hemilLightColor * (8.5 * (1.8 + dot(N, hemiLightUp)));

7 {

8 float3 L = lightDirection®;

9 float3 lightColor = lightColore;

10. float NdotL = dot(N, L);

11. litDiffuseColor += max(®©.@, NdotL) * lightColor;

12. }

13. litDiffuseColor *= localDiffuseColor.rgb;

14. float4 color = float4(litDiffuseColor, localDiffuseColor.a);

15 float4 shadow = 1.9@;

16 shadow *= eclipseTexture.Sample(ClampTextureSampler, In.EclipseShadowCoord®.xy / In.EclipseSh

adowCoorde.w);

17 color *= shadow;

18 color = color * float4(In.AtmosphereExtinction.rgb, 1.@) + In.Atmospherelnscatter * shadow * (

In.AtmosphereExtinction.a < -0.001 ? 9.0 : 1.9);

19 return color;

20. }
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1. VS_OUT VSMain(VS_IN In)

2. {

3. VS_OUT Out;

4. Out.ProjPos = mul(In.ObjPos, matWVP);

5. Out.TexCoord = In.TexCoord;

6. float4 cameraSpacePos = mul(In.ObjPos, matWV);

7. Out.ObjNormal = In.ObjNormal;

8. Out.ObjPos = In.ObjPos.xyz;

9. Out.EclipseShadowCoord® = mul(cameraSpacePos, matEclipseShadow®);

10 return Out;

11. }

12.  floats PSMain(VS_OUT In) : SV_TARGET

13. ¢

14. float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord);

15. float3 N = normalize(In.ObjNormal);

16. float3 litDiffuseColor = ambientLightColor;

17 litDiffuseColor += hemilLightColor * (©.5 * (1.8 + dot(N, hemiLightUp)));

18. {

19. float3 L = lightDirection®;

20. float3 lightColor = lightColore;

21. float NdotL = dot(N, L);

22. litDiffuseColor += max(@.@, NdotL) * lightColor;

23. }

24. litDiffuseColor *= localDiffuseColor.rgb;

25. float4 color = float4(litDiffuseColor, localDiffuseColor.a);

26 float4 shadow = 1.0;

27 shadow *= eclipseTexture.Sample(ClampTextureSampler, In.EclipseShadowCoorde.xy / In.EclipseSha
dowCoord®.w) ;

28 color *= shadow;

29 return color;

30. }
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1. VS_OUT VSMain(VS_IN In)

2. {

3. VS_OUT Out;

4, Out.ProjPos = mul(In.ObjPos, matWvP);

5. Out.TexCoord = In.TexCoord;

6. Out.ObjNormal = In.ObjNormal;

7. Out.0ObjPos = In.ObjPos.xyz;

8. float3 vl = cross(sunDirection, float3(e, 1, ©));

o. vl = normalize(vl);

10 float3 v2 = cross(vl, sunDirection);

11. Out.RingShadowCoord = float4(dot(vl, In.ObjPos), dot(v2, In.ObjPos), dot(sunDirection, In.Obj
Pos), ©.8);

12 return Out;

13.

14. float4 PSMain(VS_OUT In) : SV_TARGET

15. ¢

16. float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord)
H

17. float3 litDiffuseColor = localDiffuseColor.rgb;

18 float4 color = float4(litDiffuseColor, localDiffuseColor.a);

19 float4 shadow = 1.9;

20 shadow.rgb *= In.RingShadowCoord.z > ©@.@ ? 1.@ : step(l.@, length(In.RingShadowCoord.xy));

21 color *= shadow;

22 return color;

23.
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