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Abstract

Worldwide Telescope is an open source visualization software that collects massive
astronomical data from all over the world. It plays a wide role in astronomical observation
and astronomical data visualization. However, as an open source software, there are some
problems such as missing technical documentation, incomplete comments and poor code
readability, which hinder developers from secondary development of its rendering engine.
Therefore, the purpose of this study is to enhance the code readability of the rendering engine,
so as to facilitate the secondary development of developers.

Because the source code of the rendering engine is written by C# code, this study mainly
analyzes the source code by Visual Studio and Reshaper, and applies the theoretical
knowledge of software engineering and computer graphics to analyze the rendering engine.
The specific working process is as follows: Firstly, the rendering process of the rendering
engine is analyzed, and then the main functional modules of the rendering engine are divided.
Finally, the calling relationship, hierarchical structure and main functions of each functional
module are found out.

This study completed the annotation of the source code of the rendering engine and the
completion of technical documents. Through the in-depth analysis of the code, the rendering
process is clarified, and the calling relationship, hierarchy and important functions of the main
functional modules are dug in depth. Not only does it improve the readability of the code, but

it also lays a foundation for developers to better develop the rendering engine.

Key words: Worldwide Telescope rendering engine software engineering computer

graphics C#
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4.2 BRLETX

G bR SO DR R AR E S 5 B TE Y AT, DL A 1 S R R B
EAEGREE, Wt EE GRNIR.

JE G BN RenderContextll JERSCHLN), 1 4-3 RiZKHKE, KERER
TRAP M EBETEREM . N A AZSR0 B L R LS

(1) EY BSR4

Ha) 3 R B T RE 2 B — A Direct3D MUVE YR, LAMEE Windows Forms #5244 I
BATIE R . R TRH IR IZ MG B B S AR . B NS EAHEEM. 1 SRGB fidin
SRREER.

HORAIERA R, R B MIAE R, ORZ XA, BR . ERE
Pk SRABERHE A 5 2

SRJG, BT A Direct3D MUAME B, IFARIE Sk O % . R BN R M, 3%
] GPU FUE AR FF 2 BRAF DR UG, RIS R 2 ERAR DL G

ROk, IRBCURT B MR BN, IR AR E U B . RIS TR
T HATE LR SRR 2 3. X T REZHN T, B BRSO T 2003755
3 EX R BRSE UG, € Direct3D TN REZ A, £ B 48 e R A& I D Re i o
MR AT B e e mhaedon, WA SR SRGB 4ifd, B GPU JRaF2 7 A 25
AT AT o €025 ) B 0 B gamma ACEE, B 364 FH 0 1) S G (R R AT T SR HH

e, EY R SOEE L) AT B RTRAT R DSOS, IR T B AR
BT KRR T RSO @ 5 B IX, ARG AR S B 22 i X G @ E G H AR
FIRER, AR BB B G X, JFHR eGP X /N # L SRFEG) L o BEAN
e 2 JE AR R FE G2 X N IR AT AR I

WRAE AT RRAS, B T —AREEERIRESEE D, R 7 REESIRESMULE, "I
P8 PVE LRI E LIS B, BRSCHRHRIE S H . EBRVCEFESS T, B Clamp
KA RS UV ALFRIEAT RAE, W 7 1R EATH] Wrap KA. A0S RARE 10,116
0 [ 9F H % & bR SCHe e 4 Border KA, 45t 218 H BorderColor fREIER, X H 1k
EARE. WIREE LN E A, BB KN RN float BRI EK E
PR SR T B A ORISR R 45 2 A 16,

BJE, W& RO RE O DR E RS AR B, AR, WIAa AR
IR R REBAR 2 o X RN — 2B e H AR B & 0F . ma, AR IR B 2k
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FIUa A 3 4 B A G 5 B A (05 PRI ) i A RS B

(2) WHETRELRH R

ZOTESEDL T BB SoRTE g IR ThAE . N PR FA 2 R B S A

BB v BRI “Flush” J59k, CRiar <22 X I HEBN 5 & K IE ] GPU Hi.

SRJE FIWTE T AFAETE G o WSRAFAETE S LI U0 P iy ) SR 98 2 a1
BT B H AL RNPR FERAAR 22 ik [X o AR5 i B B 9 s B 1, et o P i HE R P 4%
BCE H bR 5 20K IR AR G2 b DX RS Gl 90 B & ORI B fJa s T iE S H
o A B ORI TE JeAL I, 22 ARV RE SRR AL 1 e S D R PR VR E AL

IRAAFAETERAL B, 12 S0 FARPLEL, T4 5 R F ey 3G 289 25 a6 F
B BU B AR AL ERNER FEAS AR 22 1 X o AR5 B E AL B AR B, 38 i 1 P i G o
BCE H bR 5 208 R AR 2 b DX RS Gl 40 Bt & ORI B fJm s T iE S H
PRI B AR FH AR RLIE, 2 i IR BEASAR AL B 1 B A IR LA

(3) faEBPFES H AR

ZOTIESEDL TR E B PHEA B IZhRE. LR i s B s Bl A2

TR B BHES Abs AT A E R, SR D EBEN T HARSEAER R g X R,
AN ERAN T HARSUCEAL . PRI WL T BE AL I 5 o PR BN S5
BURECHE, TR S48 58— A Bk N se B s 3K

R NEE . HRRIEE NS EORE 2T H AL AR AL . a0 SRR B 52
XA N BCE AN BGY, W AR AL B e e TR AL o8 5, d i g
BEMC AR S A IR B F AR AR AR 22 i X, WTAR LI . e e TE S H
PRATIR BE G2 X

(4) FHrE G L AR BOE R el B AR

HSEHIWR S E A Y SRR bR, R S AR AR R . G TRCRAN
B RCR T — e T4 =

IR AT BB s A s B B A YL asIE ORI Je sk BCA A Ak Ay &
I SRS, RS RS o KRB AL B FARDR R RERAFR R, FEARAEAL
KERETT A R, e R HAL G tas T B R BIOE T

I RE AR DI EOR T 1, WITHE RSG5 1A R AR AL, fg AR b gy
s B ST A . THEE O A AR EA, R AR A g T R
O R R, AR EER RO IR, R e RSt s BRI s, R RRH
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St REHERIEEROE.

(5) WEMFFDEIACR

ZFEE NI BEIEE L mRIEE RS E A RS R, WEITEM
JR GG, HFIR A — AT 26T BRI E a8 DU RR 2% ek H01 L
Uy

WRAEM P DB E N E R S ARG, e ERMMRE, GHENE. &l
BIFN R =R fEAE R RBART, SR T BRI AR BRI . AR S5
SEB IR N RE, Mt 182 4.

WRAEAE NISCERNEE, BE AT AR M SEEm 7 R, SREFaE. mensEm
B . BEAT B A BN R, AT B RSB S i Ty 2 B R R T
RAMGEE 77 IR B —AN T 4HAT B R TN E B3R R

BE A A g R Fita g, Hdh RGB E MR K8 EHE ) RGB {EFR LA
255.0f, Alpha {85 T8 BT ANE B FE ol LLAE NI ANIE B BE

U SRAT R R T SR A g e ' I I B B S, 1 o G2 o R v Y (B [ = A Dl
S o AREAE N IS B, 15 2 i P 0 2 NG T L ol LR 2 s B DR I

(6) KB HEARYR

oA NISEAR . RIE RS, BB R I8 S T
A A8 B AN B . DA IR 1% R 0 SE P AR

B SEE AU 77 O E RO B, R R IE R Bt &, H TSR
TE 5 B [ A

T2 A5 F SRGB 4ifid, ans2, WX alpha fEi#47T SRGB &IE, ¥ANZE W FER
EH 2.2 X7, ¥ NS HEER) RGB AL 255.0f J5HL 2.2 X5, alpha {H NANE B
FE, IMHHRIEEMBGRE. WRAER, WATEET SRGB K IE.

RIS NP EEABOR, e AR RAL, I AT LU P BR:

IR AN B e SR IR 2 ANE I BT BRI ROR, BUEA s iig
Wgita &y (1.0, 1.0, 1.0, opacity ).

R E Bt A5 EBAE SR, R A IE B RO 4T B R IRSUER,
BT A B3R I8 S I B ) B R 18 1E G B )

NSRRI SO AIG R 2 ANE W] B QAT BRI RUR, WO (as 18
St LB ) B S TE S5 R )
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AT K AR A BRI (31T)

N AL B SRR ] alpha SEIETRA S, 1R E 1A IE A EAT A2
RIMAPCR, BUEH a8 KBTS A B2 1L A BT A R .
IR SHEEARRERATE EIRVUME DL, WA Cuas A 0 de S0 MR ROR BN
(7) WISAHTE S 51 B A 0 2 PSR ) i A IR B
ZOTERPIER GRS, IREEEBORES, FIGHOCME RS FIRFESIRS . Y
HYEHIHE IR SRR A S B BT AT I8 7 1 € SR =7, IR 2 aie it 2 RS w161
PRHET MRS B oS BR SR

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,

4-3 yEG B eRKE
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4.3 WIE

SOREE R AR EEMER, SRRl S AR SO 1 A ], R RS
N Direct3D BT fli I AL ISR AY . B K AE b Jo AL e A0y 2D 0%, 31K 2D ¢
B ELEG B A

JEGe BRSO Texturell JERSCHN), M 4-5 £iZKMKE, KBRS
B R RE Y. N G 3 B R DL L SR B

(1) SUEEAIE KA

SORMIE R S A A ERADIREES R LML R BN 55y
A B R 2L

TR — MG BB AR N T — A 2D SCHEENT 5, 5 AR B 28 Bl 7 AR & 2D S,
eI EOASRRIEE, TS O8NS 5.

SR ZAME R B E S5 — MR, B2 7 ASEAFEFEEIRE, 5
JERL bR BRI BB 75 B (28 UL W R BRI AR N true, JUANEY
TR AR DU I 5, BN 24 1 ek AR F 2 B — AR 3 BEIR S (M SO 4

(2) BREUAH G

BEHUASH SO T — AN T, T A SO EE . R 8 — 2402
W&, RRAHBEEE. B ASHRENBW S . BEASEHR—AMEE,
FoRnEGEI, BRACASELE SRGB # . LR 4Hi% R B TR

B, WIESHUE BV R G R, HrhaiEge LM B, CPU Uil
XA . SURIREE . IR R ZORFERA, gk, QO m A .
R SO 44 I G 15 SRR UGS 50, i, 0B B IR & I RS . A% =R
SRGB #rdi. WIRTHEEWETHH )y SRGB #a0, K Ik & (5 B ik Nk B N
SRGB #% 3.

AN SR STA 44 1) J5 SRAS R SRR ) B 2, IS A SharpDX. 1) S B8 524k S04
FE, B RN TR EALN SRGB &, WRTHE, PR INEALEE B s Uik E
N SRGB #3.

1A F SharpDX 1 2D SUHERJEREUCCHF A8, MO IS AR, % SO EE
LIy 2D SRR R o K 2D SUEN GALB LS SO MG B, S —ASET SO S
B, WEMEBBEG TR0,

AN ARAE Bk AP RR AR e, LK A 38 SR W K SO S AR 9 280 O A SharpDX
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2D SURREEIOCCHE T, AL BRSO BT RIS R dn AR R, R
[B] null,

(3) BEHALIE

UL 7 i — AN T, T I E I A NS B B — A5
HR W, BRAR&EER. B oANASEREMBRWIME. PUFEAHiZRE0 TE

B, WRIEAEANMAEX SR, I AWER. RERAEIRAEN PNG # I
ANAAEG T, JHEAAER B R A B IHEOARG RS . #E, Qg —MEEBmEIE R
R, IR EHEYE. S5 FIWT AL R SE A ER S 2 EBEECRE, IR TE N 2
R, B MipLevel &4 0, £ REISELEIG . MEAR 2 WEBERE, ¥
MipLevel W E N 1, FRER—IKG/N—FH0 K, XEELETE JiT i] DURYE 75 2248 F 5
/N BB ORAR v 1 e Ao

ROk, KBGO EAE B RIS M s B O E G R SCR GBS M 2
MERINGUHEHS U2 SRGB B YRR, K R B 4 SRGB.

e, MR AR R B A BB 35 B S2 e — A 2D SUEXT R . ¥ 2D 41
B GAB LS SO RIS PR, S —ASFTI SN G, &AL FNE Y B S
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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 SUHKE
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4.4 EBz%

A I L E D RE R AR TE S b U B AT A BAE B, DU AT S /e
RIER .

OIMTIES S A et TR E T [ IRERE L, A REXE i At AT Al
SR, T EOBRRGTER, WD RGE ST MENE 5 v] Be 2 LLE
W B, FEBEORRG D BATEE O RGN QR E A TRt
o0 Mr e WIS BT R D RE AN S BB, 7T DL G B A (et R G AR

4.4.1 B EL

FEVEGL S e, JERELRTR: R4 EN A 3D st i LAk J— 48 O e Ar
BT ) REAUSEAR BN, AR i RN A2 i 2D BRI — RAPIR (JEGYE
et Vr 2 B IRALR, A —AMBD . W 4-7 FiR, RTE LS| HEIE Y E 2
AT B, AR AW BARSCII AF B . PR R BV 7 Sk R i B B nT
DA A AE SO , b 3 A T s T G 5 SR 25 TF R N DL AT SRR OB B T THIKS
I ATE G 2 ) L B

(1) HNZERH B (Input Assembler Stage)

o NETCRY B A P s TS R R 5 8, IR X R A5 LT R T . @
MBI E TR A S BRI =M.

(2) TS HE BB (Vertex Shader Stage)

SEREITCEERL IS, T e A T 5 28 B B . B IR 2 A S S N 10 LA T
AT AR B AN, H %0 A 5 45 R N — BB TR BB B, &40
N FITO R 2 A B — U, A B A I8 2 B AN TV i o7 BA At g 1 (i
LIy D]

(3) hmmgnsrMrBt (Tessellation Stage)

it THT 73 S FE L I = A T (0 J7 2O — AP I = A TR AT 405y, X EE RSN i)
A LMRE B — A A B, LS AT N E .

(4) JUTHE BB (Geometry Shader Stage)

JUAT A (25 V8 G 2 o) 5 B I e AT TSR AN AL B ) W] G AR B o TEVE Y51 B
H, JUAE G BIT RN fda e, JF B R Ak 1E 55 AR 2 1 7 2 A0
Pk e e 2 15 7 BN T LR (i

26



AL K AA A HE LT (%)

B 4-5 Fal AE R “mM BB (Stream Output Stage)” ik, JUATHE (2% 0] LA

o TR S BB i R B Y AE R AN TR R X A, TR RT DATE VE Y 2 1 B S o B e
(5) JeMMLPTB: (Rasterizer Stage)

TR B 32 ZAE 5 R e R 3R, IR MR BT AR TR, 5] Qe o A

R AN 2 ERAE
(6) BEREEIBI B (Pixel-Shader Stage)

BRECBRZBIFRAN BRI E NE GPU EHATIIEF . G RE QRS E
TSI BARA AR R B, TS — M. fEE s b, BREGRR
I RN AR TE 1

(7) $iH &I B (Output-Merger Stage)

MEBEEFBRBBREEORERCE, ENSAERERERN RGN, 15

ZMBh, BB ERABSWES . REFNBEFBRSEENGEEZMNX.
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GPUSE EaX Wig

WMNRECRIRS

(Input-assembler Stage)

&

TR E@esinER W
(Vertex Shader Stage) J

v

FEEREENE
(Hull Shader Stage)

gl

EEHES RS

(Tessellator Stage)

1 v

A SRR
(Domain Shader Stage)

v

JUfAIEEaENTR
(Geometry Shader
Stage)

(Stream Output Stage)

SR ER
(Rasterizer Stage)

v

[ EEERENR

(Pixel-Shader Stage)

U

HIHERECERMNER . N
(Output-Merger Stage)

K 4-7 EGE L

28



AL K AA A HE LT (%)

44 21TEEBS

TR ORI T E D R R AR E G BN U NS Ui, GRS D) BE O TH A
s, JLTE R G R .

1T B 45 (445 & tH Shader I PlantShader11 ZERSEIL, Gl 4-8 xR pkE, kK
KR TR MR Z ) fME . FHEMKEAH— N T ARE BRI 225,

(1) MNE O

ZOTIERThRE R TR e BN SO RIS (Rt B, JRK A B B N B G EE a AR
M7 o A At R AE LU NS4 B8OS4 KFHJ7 A ) SRS SR
PSRN 5] RO I SR BN MR, B REFEmE. =R
FERIGUELL K AT B RS H

(2) s sy

ZITIER DD RE R AR AL NI B3R S H R B AR S G BT . b R0 T
A OGS, BEFEE O RN, G F A LA

(3) PRAF TG o AR

ZITIERI DD RE S B J5 B (O ds AR 2 P IR R AT 20 (s R X7, &
1] GPU K4 E B asnie 4, FaE 2RI 1E v (B as it kAR, IRk 5 s
WFFIL. 55, BFILE S RSN E O IS R R g T, IRk
T % (125 (0 2 ARRD R B AE AR HE

(4) Ve gL 5| i o (3

T I DR A 4 B U K5 B BSARRD e o3& B T DirectX 15 (280G, JRI%
& AT BE G o, DLAE A .

N T IRNIRAT B A G SEIUR L, 720 AT H 235748, SO0 E%
X TSHE AR JUTEGR. RS AE RS ORI IhEE T,
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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

o Pl e 1o h TR, S P T S
+hasTexture(p:SurfaceProperty) : bool

ountint)

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,

€ 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

+Sot0v9dayTextureColor(ov9daylndexmt 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 had iew
ITe had View
+SpocularTaxturv ShaderRssoume Rro
B 0 Rycut S | PlanetShaderConstants
N £ *Ambmvtl.ingobv:Vectoé Position, % v float
£ PlanetShaderKeyComparer +HemiightColor : Vector3 PositionNormal, j‘”‘"y' ort st
+Eq| had y, k1:Pl had :bool +HemilightUpDirection : Vector3 PositionNormalTex, *A:';::wmgmm ﬂ ook
+GetHashCode(k:PlanetShaderKey) : int +CameraPosition : Vector3 PositionNormaEaxZ, feight : float

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

Count,

+AtmospherelnvScaleHeight : float
+AtmosphereCenter : Vector3
+SunDirection : Vector3
+SpecularPower : float
+AtmosphereHeight : float
+AtmosphereZeroHeight : float
+AtmospherelnvScaleHeight : float

4-8 1T EHCARIRE
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(5) FTHRHEWF4

TUFEFARZOEWEE S H-2EEFAE B PREETARNITE
MW H W EAASRSHR N EEAMETAST, DEERBER PR,
WA A N I RE R N TR s L s AR R s e I vl g A (1 S 4
i SRIEELR T BT AN, HOy HLSL i 828 Bl io4T e, eME
T BRI B R AR . EAT B A TPIET packoffset KB P REAT FBT AL

WEA AT EREDR =D, —Er RIS ECRENKEE, 52’
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CO

float4x4 matWVP -

C2

C3

C4

C5

float4x4 matWV C6

C7

float opacity | Cc8

float sunDirection C9

float cameraPosition C10
float3 rayleighScatterCoeffl C11
float atmosphereHeight Cl2
float atmosphereZeroRadius | C13
float atmosphereInvScaleHeight Cl14
float3 atmosphereCenter | €15
C16

float4x4 matEclipseShadow0 L
C18

C19

C20

s : C21
float4x4 matEclipseShadowl 22
) C23
MREEREER , C24
float4x4 matEclipseShadow2 5
C26

C27

C28

— . C29

float4x4 matEclipseShadow3 30
G31

C32

) C33

float4x4 matOverlayTextureQ C34
C35

C36

; C37
float4x4 matOverlayTexturel 38
C39

C40

float4x4 matOverlayTexture2 L
C42

C43

C44

C45

float4x4 matOverlayTexture3 C46
L | C47
float3 lightDirection0 C48
float3 lightColor0 C49

| float3 lightDirectionl | C50
float3 lightColorl C51
float3 lightDirection2 | C52

) float3 lightColor2 C53
GEEREEE float3 lightDirection3 | C54
float3 lightColor3 C55
float3 ambientLightColor | C56
float4 diffuseColor C57
float3 hemiLightColor C58
float3 hemiLightUp C59

4-9 WA AT Ay AT
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RPN Y IES €

(9) KAt

KRR TAE GPU EHHMT S RFERIXS G0 3 B R UL & B g o X 4%
NG BATOORRFE, IR RFEHEA MR R B T

ITEAAOIRFEE T FELPRES . RALGURES . M8 RIS
Wi SRS R3S

FHEGORFE R I PR A A R AR EAT 4 /N J7VEA mipmap REE. UV J7
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37 B SRR 25 (0 1o D28 S A F R N AR HEAT 4 /1N . 7735 mipmap KA. UV
J3 -0k R A “Border” J7al. BIVEHI[0.0,  1.0JZ AN AL PR 1 E N
HLSL F 485 M MERita, X H2 (0, 0, 0, 0) FKREAEFEH,
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4.4.3 BBEEAESR
7 A € 3% 1 3 LT R R AR R G 5 2 (Y Th e i 2 B AR L Dh e IO T AU B8 L
MEEHRMBREOR. STREEERAN, MPEERNTAE GRS UG AR
%34 (3510 HLSL fRRD 2 B HedmiB army, REE sy M0 BRI IRER 4, &
Ao RIS R B AR ARAD . E Y B SO R ST HR E E BN X SHCRIEIGE e R
{61 5 (0 85 2 tH ShaderBundle RIS, BRI, WK 4-14 2L
FAECIING], Sl REARIRE, RERR T R EEEMEE.

(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

Kl 4-14 faj s ta e R K
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4.4. A EERFE

OSSR FEIRER ARG A, CRATIR IEAF O (g — EHIACRS . ATIAE T
—AEF B E AT B A AR, R e R 5 T PR

(045 B2t ShaderLibrary ZESEBLN), W& 4-16 E O ERE, KRR TE
H ) AR

@ 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

[l 4-16 s 2L
B tas PR RS A, TR T ARG s B R SR ATV, DT B At 2 A O
TARGURE. 2T, SfldeE s iR, DU i gt AR IS TR
TARFRE. il 4-17 N tuds 1 AR .
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5.1. 2 Mk 7 A FR PR

(1) M7k

B, TREPGE PR BRI RARRAL, I IR IX R RS AR 8 78 o vE SRR
MIFTATEIL. 5, FTER T EMAN R RARA, I T4 m G WS 5 AR
REEGAE L, DT P RIEFE RS LR . BJE, 8l B E A HUAF i ) Tl 126 10
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R 5-1 KBHEZRCR M F1&

UENERIZEENSS ik
M A5 2 5 Worldwide Telescope Rendering Engine PlantShader Sun 001
M H PNLEPER VS
WA R A SE ¥ e RO AN A H B HLSL AAS
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R AERIIEERSS Eiiipay
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UENERIZEENSS ik
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TIEW W E = FIERCR, et ) HLSL AU REAR IS D e N5 B = E i .
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VIREWEERINERSE ik
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R 5-5 HEEZACRMAM FIE

UENERIZEENSS ik
M A5 2 5 Worldwide Telescope Rendering Engine PlantShader Moon 001
M H HBRIE YRR
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T %1 3BT o H BRkiE Y B S
LTIPN HERDLE AL bR
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(1) RPHMIA L, SR

PAT A Worldwide Telescope Rendering Engine PlantShader Sun 001, £t
JI YRR B G S R A 5-1

I PR  BOR T LA B, 74 B IE R IR e T R P B RO .
A R D REARRD A B 5-2 FraR, 1 IEARES ) localDiffuseColor % & T Jmig K
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1. float4 PSMain(VS_OUT In) : SV_TARGET

2. {

3. float4 localDiffuseColor = diffuseColor * mainTexture.Sample(MainTextureSampler, In.TexCoord);
4, float3 litDiffuseColor = localDiffuseColor.rgb;

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

6. return color;

7. }

&l 5-2 115 Worldwide Telescope Rendering Engine PlantShader Sun 001 ABH HLSL A%
(2) KE ML,

P AT 5] Worldwide Telescope Rendering Engine PlantShader Mercury 001,
o3t 5 Y B I R RS ISR I K 5-3 BT

W E SR AT R B, T 4E i B E R hE G T KR S B SUR
FoApmgim i o ohse RIS 5-4 Fros, IR E e SRR SRR T g

(mainTexture) (B E, I8 J5 81 5 A BH A ER B9 08 7155 H D6 2 () & litDiffuseColor,

BJEROCIES O R B 5 RAER S, ERBRERANH0. XS E SO BT EE.

50



Explore Guided Tours
Use Layer Manager

o Control User e search Building

View from this location ooy

- + Layers

S8 |

=
o
5
a

QR aan

&
B
&
=]

Delete Add Paste Reset

[Hane  [Value ||
| [
| |

Time Scrubber

Auto Loop

Imaqgery
>olarystem 3L 01ar System view

Search Community

Observing Time
UL/ LLUYLS

Real Time

4 -

ElL

K A A E R (L)

Settings

Context Search Filter




AL K AA A HE LT (%)

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. }

| 5-4 Worldwide Telescope Rendering Engine PlantShader Mercury 001 /K2 HLSL fCH%

(3) HhzkAgs R

B SEAT IR A Worldwide Telescope Rendering Engine PlantShader Earth 001,
ad i e R IE G JE R RCR WA 5-5 fos

I TR A R AT LU B, T 4R AR IE R R e T BRI R . Hrp
Tk A T REARRD AT 5-5 B, IXBARRSAE A T S R EROR R RS, 1 R AR TR
P B WS, FEHEEE T WA B, AT SEBL T 6 ERASE A T A R S o X TF
HRE KRR

SRIGHAT IR 5] Worldwide Telescope Rendering Engine PlantShader Earth 002,
Sl T e BRI R G S AR ] 5-7 B

A e G T LUE B, T4 R IE RS Yt T HER I = 2 RO
Forby i tH I Th B ARAD an B 5-8 P, X BUARRBLE SRIOG 5 AN E B0 B 8 1 7532
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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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