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METHOD AND APPARATUS FOR STRETCH BLITIING USING A 3D 

PIPELINE 

FIELD OF TIIE INVENTION 

The invention relates to graphics display by electronic devices. More 

particularly, the invention relates to stretch blitting operations of graphics that 

are displayed by electronic devices. 

BACKGROUND 

Personal computers have been working their way into daily household 

use for over two decades. Games for education and entertainment, already have 

strong applications for the PC and are enhanced by the introduction of 3D 

graphics. Real-time photo-specific textured 3D graphics will provide accurate 

simulations of real world locations, viewable with full viewpoint freedom. 

The key to high quality real-time 3D graphics is to have a system 

architecture and memory access scheme that supports the rendering of cluttered 

scenes where there are several layers of objects driving up the number of pixel 

memory accesses. The associated processing loads must not reduce system 

update rate below what we consider real-time (30 Hz). Some proposed solutions 

off-load processing onto the application's shoulders and thus have trouble 

rendering simple scenes in real-time. Better accelerators will accelerate those 

hardware functions that are processor-intensive, leaving the processor free for 

high-level functions. Generally, custom acceleration hardware (ASIC - silicon) 

executes rendering functions much faster, leaving more time for the software 

application. This graphics 30 rendering engine, or 30 pipeline, uses a 

significant number of multiplication and addition circuits. 

Video conferencing and other video image manipulation is also coming to 

the desktop. One desirable feature to be used in a video teleconference is the 

ability to scale a video image to various sizes prior to transmission. Smaller 

images, while providing less detail, require less communication bandwidth and 

can be reproduced by a recipient computer more quickly. Generally, a camera 



.. ---·----------------------------------------------

W000/42571 PCT/US00/00784 

will generate a video image having a maximum size defined by the camera's 

image sensor. The image can then be scaled to a smaller or larger image by a 

scaling apparatus. 

Existing video cameras that employ digital filtering of source pixels to 

provide a scaled output are designed to produce each output pixel in a single 

cycle of the source pixel clock. In other words, each of the taps of a multi-tap 

filter must be applied in the same clock cycle. Consequently, a significant 

number of multiplication and addition circuits are required to process each 

separate filter tap in parallel. As the number of multiplication and addition 

circuits increases, filter propagation delay and power cons1lmption also increase. 

Further, _where the scaling apparatus is implemented in an integrated circuit 

(IC), the increased number of multiplication and addition circuits tran8lates to an 

increased die size of the implementing IC. The net result is a more expensive 

scaling engine. 

As computer systems include 3D rendering as well as video imaging 

systems, the hardware assist for speeding up calculations is becoming expenSive 

in terms of area as well as gates. Therefore, it would be advantageous if the 

number of gates for an imaging system including three-dimensional rendering 

and video scaling would be reduced. 

SUMMARY OF THE INVENTION 

A method and apparatus for image scaling is provided. A 3D pipeline 

comprises a command stream controller to enable a rectangle mode~ The 3D . 

pipeline including a windower to produce addresses for the rectangle defined by 

the vertices. A filter interpolates between neighboring points, based on relative 

location, to generate attributes ~or each pixel. A color calculator aligns 

... 
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output data and writes the output data to a destination surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way of 

limitation, in the figures of the accompanying drawings and in which like 

reference numerals refer to similar elements and in which: 

Figure 1 is a block diagram of a computer system in which the present 

invention may be implemented. 

Figure 2 is a block diagram of one embodiment a 3D pipeline for 

manipulating video images. 

Figure 3 is a flowchart of one embodiment of the process of video image 

stretching. 

Figure 4 illustrates a destination data for a sixteen-by-twelve rectangle. 

Figure SA illustrates the edge test performed by the windower for 30 

rendering and for stretch blitting. 

Figure 5B illustrates the edge test performed by the windower for 3D 

rendering and for stretch blitting. 

DETAILED DESCRIPTION 

A method and apparatus for stretch blitting of graphics with a texture 

mapping engine is described. In the following description, for purposes of 

explanation, numerous specific details are set forth in order to provide a 

thorough understanding of the invention. It will be apparent, however, to one 

skilled in the art that the invention can be practiced without these specific 

details. In other instances, structures and devices are shown in block diagram 

form in order to avoid obscuring the invention. 

Reference in the specification to uone embodiment" or "an embodiment" 

means that a particular feature, structure, or characteristic described in 

connection with the embodiment is included in at least one embodiment of the 

invention. The appearances of the phrase "in one embodiment" in various 
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places in the specification are not necessarily all referring to the same 

embodiment. 

In a computer system that includes both. three dimensional rendering and 

video, a system that reuses gates for the hardware assist for both 30 rendering 

and stretch blitting is implemented. The calculations used for stretch blitting 

and 30 rendering are similar. Therefore, a 30 pipeline used for rendering three 

dimensional images may be used, with modifications, to up-scale and down­

scale, filter, change the surface format, and change the color space for video . 

imaging. The image manipulator is implemented in the 30 pipeline using the 

texture mapping engine, as will be described below. This is advantageous 

because the number of gates used for the modification of the 30 pipeline to 

permit image n\anipulation, compared to separately implementing these · 

functions, is significantly reduced. 

Using a 30 pipeline to perform stretch blitting results in improved 

performance, and saving the gates that would be needed for an isolated stretch·, 

blit engine. The stretch blit engine is also improved by taking advantage of the 

functionalities of the 30 pipeline by having better scaling and filtering. 

Furthermore, the highly pipelined format of a 30 pipeline is used 

advantageously to increase performance of the stretch blitter. 

A number of changes from a standard 30 pipeline are implemented. The · 

setup engine and windower are modified to permit the 30 pipeline to handle 

rectangles in addition to triangles. Furthermore, the mapping address generator . 

is modified to permit addressing in 4:2:2 and 4:2:0 data. Additionally, the cache 

is modified to permit addressing of these types of data. All of these changes are 

discussed in more detail below. 

Figure 1 is a block diagram of a computer system in which the present 

invention may be implemented. The system may include one or more 

processors 110. The processors 110 may be coupled to a host bus 115. The host 

bus 115 may be coupled to a host bridge 120, to couple the graphics card or 

graphics subsystem 130 to the processors 110. A memory 125 may also be 
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coupled to the host bridge 120. The host bridge 120 may further be coupled to a 

system bus 150, such as a PO bus 150. The PO bus 150 may be coupled to a 

PO-to-ISA Bridge 160. Ports as well as an extension ISA bus may be coupled to 

the PCI-to-ISA bridge 160. 

The graphics accelerator 130 includes a 3D engine 140 for rendering three­

dimensional images. As will be described below, the 3D engine 140 may further 

be used for stretch blitting. Various input and output devices may be coupled to 

the graphics card 130, such as video input, a display, a television, etc. The 

graphics card 130 further may include local memory 147, for speeding up 

graphics operations. Furthermore, the central unit 140, 145 may include local 

cache memory, as will be described below. The graphics card 130 may be 

coupled to the host bridge 120 via a bus 135, or a similar connection means. 

Figure 2 is a block diagram of a 3D pipeline. The 3D engine 210 includes 

a texture pipeline 215. This 3D engine may be used for three-dimensional 

rendering, as is known in the art. The 3D pipeline may also be used for stretch 

blitting, as will be described below. In one embodiment, stretch blitting 

decoding is performed in response to a particular command referred to herein as · 

the GFXPRIMITIVE with the rectangle primitive type specified (hereinafter 

referred to as GFXrectangle command); however, other command names and 

formats can also be used. 

Command stream controller 220 is coupled to receive commands from an 

external source, for example, a processor or a buffer. Command stream 

controller 220 parses and decodes the commands to perform appropriate control 

functions. H the command received is not a GFXrectangle command, command 

stream controller 220 passes control signals and data to setup engine 225. 

Command stream controller 220 also controls memory management, state 

variable management, two-dimensional operations, etc. for non-GFXrectangle 

commands. 

In one embodiment, when command stream controller 220 receives a 

GFXrectangle command, the vertex information is sent to the setup engine 225. 
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In one embodiment, command stream controller 220 provides setup engine 225 

with the upper left, lower right, and lower left vertices of the rectangle. Vertices 

are used by the setup engine 225 to compute three terms of a plane equation: 

rate of change of attribute with respect to X, with respect to Y, and an initial 

point. 

·In addition, when texture mapping is being performed, setup engine 225 

determines a bounding box that contains a triangle defined by the vertices. · 

The setup engine 225 receives an upper left vertex, lower right vertex, and 

lower left vertex of the destination location from the command stream controller · 

220. The setup engine 225 also receives a second set of coordinates at.each 

vertex, defining the originating size. The setup engine 225 computes the ratio of 

the two sets of coordinates, to determine the factor of stretching, either· 

expansion or reduction in size. The destination coordinates are window relative, 

while the coordinates for the source are relative to the upper left comer of the· 

sourc~ image, i.e. the upper left coordinates are always 0,0. Note that the, setup 

engine equation is a subset of the calculations done for a triangle for 30 

rendering. Therefore, no additional hardware is needed. The setup engine 225. 

further generates an edge, defining the bounding box of the rectangle primitive. 

Setup engine 225 provides the bounding box information to windower 230~ 

The windower 230 produces addresses for the destination surface. The 

windower 230 generally produces these addresses by drawing lines through 

each pair of vertices. The area over the top line 510 is labeled negative, while·the 

area under the top line 510 is' valued positive. The area under the bottom line 

520 is labeled negative, while the area over the bottom line 520 is valued 

positive. The area on the inside of the edge line 530 is valued positive, while the 

area on the outside of the edge line 530 is labeled·negative. This is called the · 

edge test. The windower.230 calculates the addresses of all pixels that pass all 

three edge tests. This defines the triangle 540 that is being displayed. This is 

illustrated in Figures SA and SB. 
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For stretch blitting, another aspect of the windower 230 is used. The 

windower 230 can never display an area that is outside the bounding box 590 

that was passed to the ~dower 230 by the setup engine 225. Therefore, the 

edge test is forced to. be always positive, thereby defining the area as the full area 

of the boundary box 590. Windower 230 iterates the pixels within the bounding 

box to generate read and write addresses for data written by the GFXrectangle 

comm.and. In other words, the triangle edge equations are always passed, which 

allows windower 230 to process the entire rectangle rather than stopping at a 

triangle boundary. These read and write addresses are passed to the mapping 

address generator. 

The windower 230 generates pixel read and write addresses to access data 

to a cache memory, not shown in Figure 2. Windower 230 also provides 

destination terms for the alpha blending step to the color calculator 280. The 

windower 230 obtains the destination information from the frame buffer. 

The windower 230 takes advantage of the deep pipelining available in the 

3D pipeline. When the windower 230 receives the bounding box and vertices 

from the setup engine 225, the windower 230 starts generating addresses. The 

data for these addresses are fetched from memory. Memory has a relatively 

long latency. Therefore, as the windower 230 generates addresses, requests for 

the data are pipelined, and the control section of each request is placed in a 

FIFO. Thus, requests for data, for each address generated, is continuously sent 

to memory as the address is generated. Thus, the memory latency only affects 

the first pixel data requested. By pipelining, the effect of memory latency is 

eliminated for subsequent pixel data, and a pixel can be produced at every clock, 

sustaining throughput. Pipelining is expensive in terms of area, and reusing the 

pipelining already present for the 3D engine is advantageous. 

The mapping address generator 240 generates actual addresses to fetch 

specific pixels in the texture map. In one embodiment the mapping address 

generator 240 calculates the destination area according to the following 

equation: 
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( 
·) Cz,y ·x+C,x ·y+C0s. 

u x,y = +P0,, 
Cxrw ·x+Cy1w · y+C0;w 

This equation is known to those familiar· with 3D rendering. 

By using the values in the table below, complex texture mapping 

equations can be simplified for use for stretch blit calculations, thereby.allowing 

hardware to be used for both purposes. czsl and cos ·are delivered directly to 

mapping address generator 240 as plane coefficients. 

Variable Description Value 

Cz,y Rate of change of S (horizontal dimension in computed by setup engine 

source surface) with. respect to x 

Cos Offset toS computed by setup engine 

c yS 
Rate of.change of S with respect to y computed by setup engine 

CR Rate of change of~ with respect to x computed by setup engine 

Cos OffsettoT computed by setup engine 

cyT Rate of change of T with respect.toy computed by setup engine , 

CxiW Rate of change of l/W with respect to x settoO.O 

Cotw Offset to 1/W set to 1.0 

Cy1w Rate of change of l/W with respect to y settoO.O 

p °" Offsettou computed by setup engine, 

but normally 0.0 

p Ov Offset to v computed by setup engine, 

but normally 0.0 

This forces the denominator in the above equation to a one; This results 

in the simplified equation: 

u(x, y )= CzS · x+ C,x · y+ Cos 

which defines a simple plane Ax+By+C. The mapping address generator 

240 is further modified to accept non-normalized values for vertices. Video · 

addresses are generally not normalized, while 3D rendering coordinate sets are 
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generally normalized. By modifying the values that the mapping address 

generator 240 can operate on, the 3D pipeline is made useable for stretch blitting. 

Fetch unit 245 performs memory management and serialization. The 

fetch unit 245 services requests to source maps, which are stored in the cache 

260 or in memory. The fetch unit 245 converts the read addresses provided by 

mapping address generator 240 to cache addresses. The cache addresses 

generated by fetch unit 245 are sent to cache 260. If the data is not found in the 

cache 260, the fetch unit 245 requests the data from memory, and places it in the 

cache when the data arrives. 

The pixel data stored in the cache address is sent to filter 250. Mapping 

address generator 240 sends fractional pixel positioning data and cache 

addresses for neighboring pixels to filter 250. Filtering techniques are well 

known in the art and not discussed further herein. 

The interpolator 270 may be used for generating an interpolated alpha 

value for blending. Alpha blending allows the part of the image already in the 

frame buffer and the part of the source image to be seen. The term a defines the 

opacity of the source. For one embodiment, the alpha value is fixed for the 

stretch blitting, and the interpolator 270 is not used. If the alpha value is not 

fixed, the same equation as described above with respect to the mapping address 

generator 240 is used. For another embodiment, alpha values at all three 

vertices are specified, and the interpolator 270 generates a smooth blending 

between the alpha values at the vertices. The alpha values are passed to the 

color calculator 280. 

One embodiment of color space conversion and channel assignment 

formats are illustrated in the table below. 
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Source -+ Destination Operation SoUrce Surface Destination 

Surfaces Surface 

4:2:0 -+ 4:2:0 Motion Each channel of 4:2:0 

Compensation the 4:2:0 surface is 

& Arithmetic processed 

Stretch Blit separately, 

requiring 3 passes 

4:2:0 -+ 4:2:2 Arithmetic 4:2:2 Each channel of 

Stretch Blit the 4:2:0 surface is 

processed 

separately, 

requiring 3 passes. 

4:2:2 -+ 4:2:2 Arithmetic 4:2:2 4:2:2 

Stretch Blit 

4:2:2 -+ 4:2:0 Arithmetic 4:2:2 Each channel of 

Stretch Blit the 4:2:0 surface is 

processed 

·' .. separately, ·\\ 

requiring 3 passes. 

4:2:2 -+ 16 bpp RGB Arithmetic 4:2:2 with Color 16 bpp surface 

Stretch Blit Space conversion 

8 bpt Y-+ 16 bpp RGB 3D Rendering Luminance texture 16 bpp back buffer 

with texture map modulates 

compositing another map 

16 bpt Al-+ 16 bpp RGB 3D Rendering Alpha & Intensity 16 bpp back buffer 

with texture texture map blends 

compositing and/or modulates 

another map 

8 bpt Index RGB-+ 16 bpp 3D Rendering 8 bit index for 16 bpp back buffer 

RGB palettized texture 

maps 

16 bpt ROB -+ 16 bpp ROB 30 Rendering 16 bpt texture map 16 bpp back buffer 
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For another embodiment, other destination surfaces may be generated 

from the supported source surfaces and output modes. 

Channel operations unit 255 performs color channel assignment · 

operations (Y, U, and V channels). It also performs color space conversion from 

YUV to RGB. For another embodiment, the channel operations unit 255 may do· 

both channel assignment and color space conversion. For one embodiment, 

three passes are used for the YUV channel conversion. First, each pixel is up­

sampled to a 4:4:4 format, interpolating U and V values for intermediate pixels. 

Surface format conversion may then occur in three passes. In a first pass, the Y 

value is written, in a second pass the U value is written, and in a third pass the V 

value is written. This provides an inexpensive conversion from planar to packed 

formats, and does not require three address streamers. These conversions may 

be used for video conferencing and other applications. 

For one embodiment, channel assignment from 4:2:0 to 4:2:2 is done in 

data alignment registers of the color calculator 280. 

For one embodiment, the color calculator 280 uses, among o~s, the 

• following blend equation: · 

color= a* source+ ( J -a)* dest 

The color calculator 280 receives three incoming values, the source color 

from the channel operations unit 255, the destination color from memory, 

fetched by windower 230, and the alpha value (which may be fixed) from the 

interpolator 270. The packing logic in the color calculator 280 aligns data and 

writes it to the destination surface. 

Figure 3 is a flowchart of the process of image stretching. At block 310, 

the rectangle primitive type is enabled. The rectangle primitive type permits the 

30 engine to recognize an object described by three points as a rectangle. The 

rectangle is an axis aligned rectangle described by three vertices in the correct 

winding order consistent with the culling order enabled. The vertices describe a 

right triangle where the base of the triangle is parallel to the x-axis and the 

vertical leg of the triangle is parallel to the y-axis. The fourth point is known 
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based on the three vertices. For one embodiment, if the rectangle primitive type 

is already enabled when the stretch blitting is started, this step may be omitted. 

At block 320, the rectangle command is sent to the 30 engine. The 

rectangle command indicates to the 3D engine that the following information 

will be stretch blitting, rather than three dimensional rendering information. 

At block 330, the proce8s tests whether the 3D pipeline is flushed. 

Because the 30 pipeline permits parallelism, for one embodhnent, it is flushed 

prior to the initialization of the video stretching. For one embodiment, this step 

and step 335 may be omitted. H the 30 pipeline is not flushed, the process 

continues to block 335, where the process waits until the 3D pipeline is flushed. 

The process then continues to block 340. · H the 3D pipeline is already flushed, 

the process continues directly to block 340. 

At block-340, rectangle data is sent to the setup engine 225 in the 30 

pipeline 210. The rectangle data defines the rectangles of data that are operated 

on. 

At block 345, the XY coordinates are computed in the windower. The XY 

• coordinates define the image destination surface. 

At block 350, the UV coordinates are computed in the mapping address 

generator (MAG). The U and V coordinates define an image source surface. 

At block 360, the pixel data is fetched and cached. For one embodiment, 

this occurs after the pixel addresses are generated~ For one embodiment, the 

pixel data is cached in 4X4 blocks of data. 

At block 370, the pixel values are interpolated. This generates the 

attributes for each of the pixels in the destination surface. 

At block 380, channel assignment and color space conversion steps are 

performed. For one embodiment these steps are only performed when 

requested. For another embodiment, these steps are always performed. 

At block 390, the color calculator alpha blends the data, aligns the data 

and writes it to the destination surface. This produces the destination image. At . 
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the end of this process each of the pixels in the destination image are known, 

and the destination image is displayed. 

In the foregoing specification, the invention has been described with 

reference to specific exemplary embodiments thereof. It will, however, be 

evident that various modifications and changes may be made thereto without 

departing from the broader spirit and scope of the invention as set forth in the 

appended claims. The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. An 30 pipeline used for three dimensional tendering and stretch 

blitting, the 30 pipeline for stretch blitting comprising: 

command stream controller to enable a rectangle mode; 

windower to produce addresses for the rectangle defined by vertices; 

a filter to and interpolate between neighboring points, based on relative · 

location, for each pixel to generate attributes for each pixel; 

a color calculator to align output data and write the output data to a 

destination surface. 

2. The 30 pipeline of claim 1, further comprising: 

a setup engine to compute a rate of change of attribute with respect to X 

and Y and initial point resulting in a ratio of coordinates c;>f source and 

destination address and generating a bounding box defining the rectangle 

passed to the windower. ..:. 

3. The 30 pipeline of claim 1, further comprising: 

a mapping address generator to generate actual addresses to fetch specific . 

pixels in a pixel map.· 

4. The 30 pipeline of claim-3, wherein the mapping address 

generator utilizing non-normalized values for vertices. 

5. The 30 pipeline of claim 1, further comprising: 

a fetching unit to provide memory management, and cache handling. 

6. The 30 pipeline of claim 1, further comprising: 
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space. 

a channel operations unit to perform a channel conversion within a YUV 

7. The 30 pipeline ·of claim 6, wherein the conversion is from a 4:2:2 

to a 4:2:0 YUV space. 

8. The 30 pipeline of claim 1, wherein the color calculator is further 

to perform a color space conversion. 

9. The 30 pipeline of claim 8, wherein the color space conversion is 

from YUV to RGB. 

10 The 3D pipeline of claim 1, further comprising: 

an interpolator to generate alpha values for alpha blending. 

11. The 30 pipeline of claim 10, wherein the color calculator is further 

for alpha blending of the output data using the alpha values provided by 

the interpolator. 

12. The 30 pipeline of claim 1, wherein the windower produces 

addresses for a destination surface. 

13. The 3D pipeline of claim 12, wherein the destination surface is 

produced by force passing an edge test for the entire bounding 

box. 

14. The 30 pipeline of claim 1, wherein the windower using a deep 

pipelining to generate addresses continuously, and sending the addresses 

continuously to a memory as generated, thereby reducing an effect of 

memory latency; 
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and 

15. A method in a three dimensional (3D) pipeline comprising: 

receiving a signal; 

receiving two or more coordinate points defining an area; 

determining if the area is a triangle or a rectangle based on the signal; and 

generating a 3D image based on data for the area if the area is a triangle; 

executing a stretch-blitting operation on the data for the area if the area is 

a rectangle. 

16. The method of claim 15, further comprising: 

setting a state for the 3D pipeline based on the signal, the state indicating 

whether the coordinate points define a video image or a three-dimensional 

image for rendering. 

17. The method of claim 15, further comprising: 

flushing the 3D pipeline prior to processing the data if the area is a 

rectangle. 

18. The method of claim 15, wherein said signal is a rectangle 

command. 

19. The method of claim 15, wherein the plurality of coordinate points 

. comprise three points defining an upper left vertex, a fower right vertex, and a 

lower left vertex of a right triangle, the rectangle defined by determining the 

upper right vertex. 

20. A method of stretch blitting digital video data in a three-

dimensional (3D) pipeline, the method comprising: 

receiving a rectangle command; 
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receiving an upper left, lower right, and lower left vertex defining a right 

triangle; 

and 

identifying a bounding box defining a rectangle; 

computing an image destination surface; 

computing an image source surface; 

fetching and caching pixel values; 

interpolating the pixel values to generate pixels in the destination surface; 

displaying the destination surface. 

-17-

1 llllHl f lflll Ill~ ftltl If f If · 
* t L M S * 


