Blending
Introduction


In this tutorial we examine a technique called blending, it allows us to blend (combine) pixels that we are currently rasterizing with, with pixels that have been previously rasterized.  
Basically we are blending primitives over previously drawn primitives. This technique allows a variety of effects to be produced, in particular transparency.
Definition: The quality of being see-through is to be transparent. The more transparent a graphic then the more of the background shows through. The more transparent a piece of paper, then the more the writing on the back or following pages shows through.
Code

BlendCubeRotate.zip
Accomplishing blending
To accomplish blending the pixels in the foreground and background need to be computed in such a way that the pixels in the background show through the pixels in the foreground.
The concept of combining pixel values that are being computed with the destination pixels (those that have been previously drawn) is blending.
Direct3D provides a number of options that specify how the colours are combined, not just limiting us to choosing glass like transparency.
It is important to note that the triangles currently being rasterised are blended with pixels that were previously written to the backbuffer. 
This provides us with some rules:

Draw objects that do not use blending first then sort the objects that do not use blending by their distance from the camera, this is most efficiently done if the objects are in view space so that you can simply sort by the Z-component. 
Finally draw the objects that blending in back-to-front order.
Enabling Blending
To enable blending, which is disabled by default, we set the Render State to D3DRS_ALPHABLENDENABLE. 
d3dDevice->SetRenderState(D3DRS_ALPHABLENDENABLE, TRUE);
Note
Rendering is not a cheap operation and should only be enabled for the geometry that needs it. After that geometry is rendered switch blending off. It is also good to try and batch blending operations to save switching it on and off multiple times a frame.
Blend Factors
It is possible to set different factors of source and destination blend factors to create many different effects. The best way to learn these is to experiment with the different combinations.
You set the source blend factor with the D3DRS_SRCBLEND render state and you set the destination blend factor with the D3DRS_DESTBLEND render state.
d3dDevice->SetRenderState(D3DRS_SRCBLEND, Source);
d3dDevice->SetRenderState(D3DRS_DESTBLEND, Destination);
Source and Destination can be one of the factors listed here:
D3DBLEND_ZERO

Blend factor is (0, 0, 0, 0). 

D3DBLEND_ONE

Blend factor is (1, 1, 1, 1). 

D3DBLEND_SRCCOLOR

Blend factor is (Rs,Gs,Bs,As). 

D3DBLEND_INVSRCCOLOR

Blend factor is (1 - Rs, 1 - Gs, 1 - Bs, 1 - As). 

D3DBLEND_SRCALPHA

Blend factor is (As, As, As, As). 

D3DBLEND_INVSRCALPHA

Blend factor is ( 1 - As, 1 - As, 1 - As, 1 - As). 

D3DBLEND_DESTALPHA

Blend factor is (Ad, Ad, Ad, Ad). 

D3DBLEND_INVDESTALPHA

Blend factor is (1 - Ad, 1 - Ad, 1 - Ad, 1 - Ad). 

D3DBLEND_DESTCOLOR

Blend factor is (Rd, Gd, Bd, Ad). 

D3DBLEND_INVDESTCOLOR
Blend factor is (1 - Rd, 1 - Gd, 1 - Bd, 1 - Ad). 

D3DBLEND_SRCALPHASAT
Blend factor is (f, f, f, 1); f = min(A, 1 - Ad). 

D3DBLEND_BOTHSRCALPHA

Obsolete. For Microsoft DirectX 6.0 and later, you can achieve the same effect by setting the source and destination blend factors to D3DBLEND_SRCALPHA and D3DBLEND_INVSRCALPHA in separate calls. 

D3DBLEND_BOTHINVSRCALPHA

Source blend factor is (1 - As, 1 - As, 1 - As, 1 - As), and destination blend factor is (As, As, As, As); the destination blend selection is overridden. This blend mode is supported only for the D3DRS_SRCBLEND render state. 

D3DBLEND_BLENDFACTORConstant color blending factor used by the frame-buffer blender. This blend mode is supported only if D3DPBLEND_BLENDFACTOR is on.

D3DBLEND_INVBLENDFACTOR
Inverted constant colour-blending factor used by the frame-buffer blender. This blend mode is supported only if the D3DPBLEND_BLENDFACTOR bit is set in the SrcBlendCaps or DestBlendCaps members of D3DCAPS9.

See: http://msdn.microsoft.com/archive/default.asp?url=/archive/en-us/directx9_c/directx/graphics/reference/d3d/enums/d3dblend.asp
Applications written in C++ use the D3DRS_ALPHABLENDABLE render state to enable alpha transparency blending. The Microsoft Direct3D application programming interface (API) allows many types of alpha blending. However, it is important to note the user's 3-D hardware might not support all the blending states allowed by Direct3D.

The type of alpha blending that is done depends on the D3DRS_SRCBLEND and D3DRS_DESTBLEND render states. Source and destination blend states are used in pairs. The following code example demonstrates how the source blend state is set to D3DBLEND_SRCCOLOR and the destination blend state is set to D3DBLEND_INVSRCCOLOR.

// This code example assumes that d3dDevice is a

// valid pointer to an IDirect3DDevice9 interface.

// Set the source blend state.

d3dDevice->SetRenderState(D3DRS_SRCBLEND, D3DBLEND_SRCCOLOR);

// Set the destination blend state.
d3dDevice->SetRenderState(D3DRS_DESTBLEND, D3DBLEND_INVSRCCOLOR);

Altering the source and destination blend states can give the appearance of emissive objects in a foggy or dusty atmosphere. For instance, if your application models flames, force fields, plasma beams, or similarly radiant objects in a foggy environment, set the source and destination blend states to D3DBLEND_ONE.

Another application of alpha blending is to control the lighting in a 3-D scene, also called light mapping. Setting the source blend state to D3DBLEND_ZERO and the destination blend state to D3DBLEND_SRCALPHA darkens a scene according to the source alpha information. The source primitive is used as a light map that scales the contents of the frame buffer to darken it when appropriate. This produces monochrome light mapping.

You can achieve color light mapping by setting the source alpha blending state to D3DBLEND_ZERO and the destination blend state to D3DBLEND_SRCCOLOR.

Transparency
We have only briefly looked at the alpha component of vertices and materials that is because its primary purpose is for blending. See the tutorial where we mention the levels of alpha transparency.
Alpha blending is used to display an image that has transparent or semi-transparent pixels. In addition to a red, green, and blue colour channel, each pixel in an alpha bitmap has a transparency component known as its alpha channel. The alpha channel typically contains as many bits as a colour channel. For example, an 8-bit alpha channel can represent 256 levels of transparency, from 0 (the entire pixel is transparent) to 255 (the entire pixel is opaque). The list below shows some special effects you can create using alpha blending.

Colour can be defined with or without alpha values. Colour without alpha is RGB, colour with alpha is RGBA. Vertex data, material data and texture data can be used to give object's transparency. The frame buffer can also be used to generate transparency effects.

Vertex Alpha

Alpha data can be supplied in the vertex data. To enable vertex alpha, set the D3DRENDERSTATE_DIFFUSEMATERIALSOURCE to D3DMCS_COLOR1 so that the Microsoft Direct3D runtime takes the diffuse value from the diffuse colour rather than the material.

Then, provide alpha values in the diffuse color. The AddAlphaToASphere function, adds alpha to the vertices of a sphere. Here's an example of how to provide the alpha information to the function.

This is what the function looks like.

AddAlphaToASphere simply modifies the color member of each vertex, which are of type D3DLVERTEX, to include the alpha information.

D3DLVERTEX looks like this.

Drawing the sphere, 

results in a transparent sphere using vertex alpha.

Material Alpha
Alpha can also be supplied in a material. To enable material alpha, set the D3DRENDERSTATE_DIFFUSEMATERIALSOURCE to D3DMCS_MATERIAL so that the Microsoft Direct3D runtime takes the diffuse value from the material color rather than the diffuse vertex element.

Initialize the material with an alpha value to generate transparency.

Then draw a transparent sphere using material alpha.
Texture Alpha
Alpha can also be provided with textures. First, the texture must be created. Then it must be set on a texture stage and the appropriate stage operation and operands selected. Then, the primitive can be drawn with transparency.

The body of these routines does the work. CreateEmptyTexture sets everything up by creating an empty texture.

It calls LoadGradient32 to load the alpha channel when it has performed a texture lookup. 

The alpha value is calculated based on the current pixel's relative x/y position within the texture size.

Next, assign the texture to a texture stage and set up the texture stage.

This results in a transparent, textured sphere.
Frame Buffer Alpha
Frame buffer alpha-blending is a bit different than vertex alpha, material alpha, and texture alpha. Vertex, material, and texture alpha set transparency values that are used only for the current primitive, and by themselves have no effect on other primitives. Frame buffer alpha-blending controls how the current primitive is combined with existing pixels in the frame buffer to yield a final pixel color.

When performing alpha blending, two colors are being combined: a source color and a destination color. The source color is from the transparent object, the destination color is the color already at the pixel location. The destination color is the result of rendering some other object that is behind the transparent object, that is, the object that will be visible through the transparent object. Alpha blending uses a formula to control the ratio between the source and destination objects.

ObjectColor is the contribution from the primitive being rendered at the current pixel location. PixelColor is the contribution from the frame buffer at the current pixel location.

The set of alpha blend factors that can be used are listed below.

Blend mode factor
Description


D3DBLEND_ZERO
(0, 0, 0, 0)


D3DBLEND_ONE
(1, 1, 1, 1)


D3DBLEND_SRCCOLOR
(Rs, Gs, Bs, As)


D3DBLEND_INVSRCCOLOR
(1-Rs, 1-Gs, 1-Bs, 1-As)


D3DBLEND_SRCALPHA
(As, As, As, As)


D3DBLEND_INVSRCALPHA
(1-As, 1-As, 1-As, 1-As)


D3DBLEND_DESTALPHA
(Ad, Ad, Ad, Ad)


D3DBLEND_INVDESTALPHA
(1-Ad, 1-Ad, 1-Ad, 1-Ad)


D3DBLEND_DESTCOLOR
(Rd, Gd, Bd, Ad)


D3DBLEND_INVDESTCOLOR
(1-Rd, 1-Gd, 1-Bd, 1-Ad)


D3DBLEND_SRCALPHASAT
(f, f, f, 1); f = min(As, 1-Ad)


D3DBLEND_BOTHSRCALPHA
Obsolete for Microsoft DirectX 6.0 and later. You can achieve the same effect by setting the source and destination blend factors to D3DBLEND_SRCALPHA and D3DBLEND_INVSRCALPHA in separate calls. 


D3DBLEND_BOTHINVSRCALPHA 
Obsolete for DirectX 6.0. You can achieve the same effect by setting the source and destination blend factors to D3DBLEND_INVSRCALPHA and D3DBLEND_SRCALPHA in separate calls.


D3DBLEND_BLENDFACTOR
Use color.r, color.g, color.b, and color.a obtained from the D3DRS_BLENDFACTOR setting.


D3DBLEND_INVBLENDFACTOR
Use 1-color.r, 1-color.g, 1-color.b, and 1-color.a obtained from the D3DRS_BLENDFACTOR setting.


Microsoft Direct3D uses the D3DRS_ALPHABLENDENABLE render state to enable alpha transparency blending. The type of alpha blending that is done depends on the D3DRS_SRCBLEND and D3DRS_DESTBLEND render states. Source and destination blend states are used in pairs. The following code fragment sets the source blend state to D3DBLEND_SRCCOLOR and the destination blend state to D3DBLEND_INVSRCCOLOR.

This code performs a linear blend between the source color (the color of the primitive being rendered at the current location) and the destination color (the color at the current location in the frame buffer). The resulting appearance is similar to tinted glass in that some of the color of the destination object seems to be transmitted through the source object; the rest of it appears to be absorbed.

Many of these blend factors require alpha values in the texture to operate correctly. Thus, when using vertex or material alpha, the application is restricted as to which modes will produce interesting results.
Render Target Alpha
The frame buffer blender can now blend alpha channels independent from color-channel blending on render targets. This control is enabled with a new render state, D3DRS_SEPARATEALPHABLENDENABLE.

When D3DRS_SEPARATEALPHABLENDENABLE is set to FALSE (which is the default condition), the render target blending factors and operations applied to alpha are the same as those defined for blending color channels. A driver needs to set the D3DPMISCCAPS_SEPARATEALPHABLEND cap to indicate that it can support render target alpha blending. Be sure to enable D3DRS_ALPHABLEND to tell the pipeline that alpha blending is needed.

To control the factors in the alpha channel of the render target blenders, two new render states are defined as follows:

Like the D3DRS_SRCBLEND and D3DRS_DESTBLEND, these can be set to one of the values in the D3DBLEND enumeration. The source and destination blend settings can be combined in several ways, depending on the settings in the SrcBlendCaps and DestBlendCaps members of D3DCAPS9. 

The alpha blending is done as follows:

Where:

alphain is the input alpha value.

srcBlendOp is one of the blend factors in D3DBLEND.

BlendOp is one of the blend factors in D3DBLEND.

alphart is the render target alpha value.

destBlendOp is one of the blend factors in D3DBLEND.

renderTargetAlpha is the final blended alpha value.
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