Ogre

system shader system Rendering system

DirectX  OpenGL
Pipeline Abstraction

configuration  Pipeline
Scene Manager
Render Target

Render System UML
Render System

Rendering System

http://antsam.blogone.net
AntsamCGD@hotmail.com

geometry system material

API API
API
API Pipeline  Pipeline
Pipeline Design Render System Target

Render System
UML

UML Part one

Yiewport

&sCamera® mCamera

FenderQueuelistener

@RenderTarget* mTarget
%ﬂoat mRelLeft, mRelTop, mRelidth, mRelHeight

virtual void render@ueueStarted)
virtual vaid renderfiueueEndedd)

@im mAactleft, mActTop, mActitidth, mActHeight
Spint mZorder
EsColourvalue mBackCalour

Sshool mClearEveryFrame

RenderTarget

&shool mUpdated
+]
+1T

Eshoal mShowOverlays
Rendersystern

&puchar mPriarity
}_Qim rriidth

8yint mHeight
Esint mColourDepth
y@bool misDepthBuffered

&sRenderTargetlistenerlist mLister..

&pstd - set=FrameListener*= mFramelisteners

+.n %RenderTargetIxﬂap mRenderTargets

——— %RenderTargetPriorinap mPrioritisedRenderTargets
%RenderTarget* maActiveRenderTarget
%Texturehﬂanager* mTexuredanager

Epviewport® mActiveriewport

+
-

e

*7

"

FrameListener
(from hessage Systemn)

Firtual bool frameStarted()

Birtual hool frameEnded)

Render System UML Part one
View Port Camera Render System
Root Render System
View Port  Camera Render Target



Render System
Render Target Root

Good "~
Scene Manager
Render System including view port camera target
Root(engine or Resource Manager)

mesh entity
Scene Manager
Render System
Render Target UML
RenderTarget
Rendeftindow l%RenderTargetListenerListmListeners
I &suchar mPriority
_%::: ﬂﬂﬁ - |Sintmwidin ..
&yint mHeight e
Eshonl risFullScreen Nkl .
&Ehool misDepthBufferad

RenderTexture
EsTewture * mTexture

Birt,
Bvirt,

RenderTargetlistener

Brvirtual void preRenderTargetlUpdated
Svirtual void postRenderTargetlpdate()
Birtual void previewportlpdate
Wvirtual void postiewportlpdate)

T
i

Render System UML  Parttwo

Render Target AN listener

® Camera



Camera
class OgreExport Camera : public MovableObject
{
protected:
/// Camera orientation, quaternion style
Quaternion mOrientation;

/// Camera position - default (0,0,0)
Vector3 mPosition;

/// Stored versions of parent orientation / position
mutable Quaternion mLastParentOrientation;
mutable Vector3 mLastParentPosition;

/// Derived positions of parent orientation / position
mutable Quaternion mDerivedOrientation;
mutable Vector3 mDerivedPosition;

/// Camera y-direction field-of-view (default 45)
Real mFOVy;

/// Far clip distance - default 10000
Real mFarDist;

/// Near clip distance - default 100
Real mNearDist;

/// x/y viewport ratio - default 1.3333
Real mAspect;

/// Whether to yaw around a fixed axis.
bool mYawFixed;

/// Fixed axis to yaw around

Vector3 mYawFixedAxis;

/// The 6 main clipping planes
mutable Plane mFrustumPlanes[6];

/// Orthographic or perspective?
ProjectionType mProjType;

/// Rendering type
SceneDetailLevel mSceneDetail;

Camera Camera control
Frustum Cull

Camera Control



A A Frustum Cull Object

® View Port

class _OgreExport Viewport
{
public:
protected:
Camera* mCamera;
RenderTarget* mTarget;
// Relative dimensions, irrespective of target dimensions (0..1)
float mRelLeft, mRelTop, mRelWidth, mRelHeight;
// Actual dimensions, based on target dimensions
int mActLeft, mActTop, mActWidth, mActHeight;
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® Render Target
Render Target Render Target

class _OgreExport RenderTarget
{
public:
protected:
int mWidth;
int mHeight;
int mColourDepth;
bool mlsDepthBuffered;

// Stats

StatFlags mStatFlags;
Timer* mTimer ;

float mLastFPS;

float mAvgFPS;

float mBestFPS;

float mWorstFPS;

float mBestFrameTime ;
float mWorstFrameTime ;
unsigned int mTris;
String mDebugText;



bool mActive;

typedef std::map<int, Viewport*, std::less<int> > ViewportList;
/// List of viewports, map on Z-order

ViewportList mViewportList;

typedef std::vector<RenderTargetListener*>
RenderTargetListenerList;

RenderTargetListenerList mListeners;

Render Target Fps frame per
second Listener Render Window  Render Texture
class _OgreExport RenderTexture : public RenderTarget
{
protected:

/// The texture that gets accesses by the rest of the API.
Texture * mTexture;

class _OgreExport RenderWindow : public RenderTarget

{
protected:
bool mlsFullScreen;
int mLeft;
int mTop;
target target
target Texture m_Texture

Render Target
class D3D9RenderWindow : public RenderWindow

{
protected:
HWND mExternalHandle; // External Win32 window handle
HWND mHWnd ; // Win32 Window handle
HWND mParentHWnd; // Parent Win32 window handle
bool mActive; // Is active i.e. visible
bool mReady; // Is ready i.e. available for update

bool mClosed;

static LRESULT CALLBACK WndProc(
HWND hWnd,
UINT uMsg,
WPARAM wParam,
LPARAM IParam );



// DirectX-specific
Y e et att

// Pointer to D3DDriver encapsulating Direct3D driver
D3D9Driver* mpD3DDriver;

// Pointer to the 3D device specific for this window
LPDIRECT3DDEVICE9  mpD3DDevice;
D3DPRESENT_PARAMETERS md3dpp;

LPDIRECT3DSURFACE9 mpRenderSurface;
LPDIRECT3DSURFACE9 mpRenderzBuffer;

nA Win32
Object Window

® Render System
Render System

class _OgreExport RenderSystem

{

protected:
/** The render targets. */
RenderTargetMap mRenderTargets;
/** The render targets, ordered by priority. */
RenderTargetPriorityMap mPrioritisedRenderTargets;
/** The Active render target. */
RenderTarget * mActiveRenderTarget;

// Texture manager

// A concrete class of this will be created and

// made available under the TextureManager singleton,
// managed by the RenderSystem

TextureManager* mTextureManager;

/// Used to store the capabilities of the graphics card
RenderSystemCapabi lities* mCapabilities;

// Active viewport (dest for future rendering operations)
Viewport* mActiveViewport;

CullingMode mCullingMode;

bool mVSync;



// Store record of texture unit settings for efficient alterations
Material ::TextureLayer mTextureUnits[OGRE_MAX TEXTURE_LAYERS];

size_t mFaceCount;
size_t mVertexCount;

Pipeline

1. _set

Render System Target

Texture ViewPort
Matrix stack OpenGL  DirectX Matrix
Render System
Pipeline configuration Render System

-~ ¢ setAlphaBejectSettings[CompareFunction func, unsii
- § _setAnisotropy(int maxAnisotropy]
- _setCullingMode[CullingMode mode]

% _setDepthBias[ushort bias]

- @ _setDepthBufferCheckEnabled[bool enabled = true]
- § _setDepthBufferFunction[CompareFunction func = CM
- & _setDepthBufferParams[bool depthTest = true, bool d

% _setDepthBufferriteEnabled[bool enabled = true]

- & setFog[FogMode mode = FOG_NOME, Colour¥alue c
- § setProjectionMatrix[const Matrix4 &m)
- @ _setRasterisationMode[SceneDetailLevel level]

& _setSceneBlending[SceneBlendFactor sourceFactor,

- @ _setSurfaceParams[const ColourValue &ambient, con
- § _setTexture[int unit, bool enabled, const String &texn:
- @ _setTextureAddressingMode[int unit, Material::Textur

& _setTextureBlendMode[int unit, const LayerBlendMor

- @ _setTextureCoordCalculation[int unit, enum TexCoord
- § _setTextureCoordSetfint unit, int index]
- g setTextureLayerAnisotropy[int unit, int maxAnisotrof

& _sefTextureLayerFiltering[int unit, const TextureFilter

- @ _setTextureMatrix[int unit, const Matrix4 &xform]
- § _sefTextureUnitSettings[int texUnit, Material::Texture
- § _setViewMatrix[const Matrix4 £m]

§ _setViewport[Viewport *vp]

- setWorldMatrices[const Matrix4 *m, unsigned short
- § _setWorldMatrix[const Matrixd &m]

set

_setTexture Texture DirectX

Engine
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DirectX API

AN Matrix Texture Depth Buffer

2. Set Get

- & getCapabilities(]

- & getConfigOptions[]

% getErrorDescription[long errorNumber]

- § getName|)

& getRenderTarget[const String &name)

- fp getWaitForVerticalBlank()

- g initialise[bool autoCreateWindow]

- @ reinitialise[)

- & removeFramelListener[FrameListener *oldListener]

- & RenderSystem)

% "HenderSystem()

- § setAmbientLight[float r, float g, float b)

% setConfigOption[const String &name, const String &value)
- & setLightingEnabled[bool enabled]

- @ setNormaliseNormals[bool normalise]

- @ setShadingType[ShadeOptions s0]

- ¢ setStencilBufferDepthFailOperation[enum StencilOperation op
- ¢ setStencilBufferFailOperation[enum StencilOperation op]
B sctStencilBufferFunction(CompareFunction func)

- setStencilBufferMask[ulong mask]

- ¢ setStencilBufferParams[CompareFunction func = CMPF_ALYWA
- & setStencilBufferPassOperation[enum StencilOperation op)
& setStencilBufferReferenceYalue[ulong ref¥alue]

- ¢ setStencilCheckEnabled[bool enabled)

- § setTextureFiltering[TextureFilterOptions fo)

- setVertexBufferBinding[VertexBufferBinding *binding]

% setVertexDeclaration[VertexDeclaration *decl)

- ¢ setWaitForVerticalBlank{bool enabled)

e ~hotdacenil
Stencil Buffer Light
Vertex Buffer Buffer
Render System API
DirectX API D3D9RenderSystem

class D3D9RenderSystem : public RenderSystem
{

private:
DirectX

/// Direct3D



LPDIRECT3D9 mpD3D;
/// Direct3D rendering device
LPDIRECT3DDEVICE9  mpD3DDevice;

Win32
/// external window handle ;)
HWND mExternalHandle;
/// instance
HINSTANCE mhinstance;

DirectX
/// List of D3D drivers installed (video cards)
D3D9DriverList* mDriverList;
/// Currently active driver
D3D9Driver* mActiveD3DDriver;
/// Device caps.
D3DCAPS9 mCaps;

// Array of up to 8 lights, indexed as per API
// Note that a null value indeicates a free slot
Light* mLights[MAX_LIGHTS];

D3D9DriverList* getDirect3DDrivers(void);
void refreshD3DSettings(void);

inline bool compareDecls( D3DVERTEXELEMENT9* pDecll,
D3DVERTEXELEMENT9* pDecl2, int size );

DirectX
OpenGL
Matrix
// Matrix conversion
D3DXMATRIX makeD3DXMatrix( const Matrix4& mat );
Matrix4 convertD3DXMatrix( const D3DXMATRIX& mat );

void initlnputDevices(void);
void processlnputDevices(void);

void setD3D9Light( int index, Light* light );

DirectX
Private

// state management methods, very primitive 11!



HRESULT __ SetRenderState(D3DRENDERSTATETYPE state, DWORD value);
HRESULT __ SetSamplerState(DWORD sampler,
D3DSAMPLERSTATETYPE type, DWORD value);
HRESULT _ SetTextureStageState(DWORD stage,
D3DTEXTURESTAGESTATETYPE type, DWORD value);

D3D9HardwareBufferManager* mHardwareBufferManager;

size_t mLastVertexSourceCount;

Render System N A Render System
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Buffer
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VertexElement

%unsigned shot mSource

&psize_t mOfzet
@Vene}{ElementT\;pe mType
%VenexElementSemantic msemantic
Esunsigned short mindex

HardwareBuffermManager
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%VenexElufferElindingList m¥erexBufferBindings
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@Winualvuid destroyAllBinding =) | VerexDeclaration
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Vertex Buffer Binding

[** Records the state of all the vertex buffer bindings required to provide a vertex declaration
with the input data it needs for the vertex elements.

@remarks
Why do we have this binding list rather than just have VertexElement referring to the
vertex buffers direct? Well, in the underlying APIs, binding the vertex buffers to an



index (or 'stream’) is the way that vertex data is linked, so this structure better
reflects the realities of that. In addition, by separating the vertex declaration from
the list of vertex buffer bindings, it becomes possible to reuse bindings between declarations
and vice versa, giving opportunities to reduce the state changes required to perform
rendering.

@par
Like the other classes in this functional area, these binding maps should be created and

destroyed using the HardwareBufferManager.
class _OgreExport VertexBufferBinding

{
public:

/Il Defines the vertex buffer bindings used as source for vertex declarations

typedef std::map<unsigned short, HardwareVertexBufferSharedPtr>

VertexBufferBindingMap;

protected:

VertexBufferBindingMap mBindingMap;

unsigned short mHighIndex;

Buffer API Texture API
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