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(57) Abstract

Linked lists of spryte control blocks are prepared in
memory (108) and transversed by a spryte rendering engine.
Each spryte control block (106) controls the rendering of a re-
spective spryte into the display buffer, and contains such infor-
mation as a pointer to source data for the corresponding spryte,
positional an incrementing specifications for a destination qua-
drilateral, a control word for manipulations to be performed on
the spryte image source data, and an indication of which of
several available formats the spryte image source data is packed
in. Once the linked list is prepared, the spryte rendering engine
(106) can be called by writing certain values into specific memo-
ry-mapped hardware registers, and then writing dummy data to
an address recognized by the hardware as a command to in-
itiate the spryte rendering operation (106).
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METHOD FOR NTROLLING A SPRYTE RENDERING PROCE R

10 A portion of the disclosure of this patent document
contains material which is subject to copyright
protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document
or the patent disclosure as it appears in the U.S.

15 Patent and Trademark Office patent file or records, but
otherwise reserves all copyright rights whatsoever.

CROSS-REFERENCE TQO RELATED APPLICATIONS

This application is related to:

20 PCT Patent Application Serial No. PCT/US92/09349,
entitled AUDIO/VIDEO COMPUTER ARCHITECTURE, by inventors
Mical et al., filed concurrently herewith, . Attorney
Docket No. MDIO4222, and also to U.S. Patent Application
Serial No. 07/970,308, bearing the same title, same

25 inventors and also filed concurrently herewith;

PCT Patent Application Serial No. PCT/US92/09342,
entitled RESOLUTION ENHANCEMENT FOR VIDEO DISPLAY USING
MULTI-LINE INTERPOLATION, by inventors Mical et al.,
filed concurrently herewith, Attorney Docket No.

30 MDIO3050, and also to U.S. Patent Application Serial No.
07/970,287, bearing the same title, same inventors and
also filed concurrently herewith;

PCT Patent Application Serial No. PCT/US92/09348,
entitled METHOD FOR GENERATING THREE DIMENSIONAL SOUND,

35 by inventor David C. Platt, filed concurrently herewith,
Attorney Docket No. MDIO4220, and also to U.S. Patent
Application Seriai No. 07/970,274, bearing the same
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title, same inventor and also filed concurrently
herewith;

PCT Patent Application Serial No. PCT/US92/09350,

entitled METHOD FOR CONTROLLING A SPRYTE RENDERING

5 PROCESSOR, by inventors Mical et al., filed concurrently

herewith, Attorney Docket No. MDIO3040, and also to U.S.

Patent Application Serial No. 07/970,278, bearing the

same title, same inventors and also filed concurrently
herewith;

10 PCT Patent Application Serial No. PCT/US92/09462,
entitled SPRYTE RENDERING SYSTEM WITH IMPROVED CORNER
CALCULATING ENGINE AND IMPROVED POLYGON-PAINT ENGINE, by
inventors Needle et al., filed concurrently herewith,
Attorney Docket No. MDIO4232, and also to U.S. Patent

15 Application Serial No. 07/970,289, bearing the same
title, same inventors and also filed concurrently
herewith;

PCT Patent Application Serial No. PCT/US92/09460,
entitled METHOD AND APPARATUS FOR UPDATING A CLUT DURING

20 HORIZONTAL BLANKING, by inventors Mical et al., filed
concurrently herewith, Attorney Docket No. MDIO4250, and
also to U.S. Patent Application Serial No. 07/969,994,
bearing the same title, same inventors and also filed
concurrently herewith;

25 PCT Patent Application Serial No. PCT/US92/09461,
entitled IMPROVED METHOD AND APPARATUS FOR PROCESSING
IMAGE DATA, by inventors Mical et al., filed
concurrently herewith, Attorney Docket No. MDIO4230, and
also to U.S. Patent Application Serial No. 07/970,083,

30 bearing the same title, same inventors and also filed
concurrently herewith; and

PCT Patent Application Serial No. PCT/US92/09384,
entitled PLAYER BUS APPARATUS AND METHOD, by inventors
Needle et al., filed concurrently herewith, Attorney

35 Docket No. MDIO4270, and also to U.S. Patent Application
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Serial No. 07/970,151, bearing the same title, same
inventors and also filed concurrently herewith.

The related patent applications are all commonly
assigned with the present application and are all

5 incorporated herein by reference in their entirety.

DESCRIPTION OF RELATED ART
1. Eield of the Invention
The invention relates generally to image data
10 processing, and more particularly, to techniques for
controlling a spryte engine to perform functions related
to shadowing, highlighting and other functions, on a
source image which is to be mapped and rendered onto a

destination grid.

15 2. ripti f Rel r

In recent years, the presentation and pre-
presentation processing of visual imagery has shifted
from what was primarily an analog format to an
essentially digital format. Unique problems come to

20 play in the digital processing of image data. The
problems include providing adequate storage capacity for
digital image data and maintaining acceptable data
throughput rates. In addition, there is the problem of
creating a sense of realism in digitally generated

25 imagery, particularly in animated imagery.

The visual realism of imagery generated by digital
video game systems, simulators and the like can be
enhanced by providing special effects such as shadowing,
highlighting and so forth. For example, when the image

30 of an airplane is to be displayed flying over a flat
terrain on a sunny day, the realism of the cverall scene
is enhanced by generating a shadow image of the airplane
within the image of the terrain. The effect appears

more realistic when the terrain region onto which the

SUBSTITUTE SHEET
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shadow is projected becomes dimmed rather than

completely blackened. The observer continues to see

part of the texture of the terrain even though it is

covered by the airplane’s shadow. The effect 1is
5 referred to as "shadowing."

Highlighting is another example of realism-
imparting effects. Suppose an explosive device is
displayed detonating near the airplane. Visual realism
is enhanced by momentarily increasing the brightness

10 (highlighting) of the airplane’s image to create the
impression that light from the explosion is reflecting
off the airplane’s fuselage. The effect appears more
realistic when certain brightness and/or colorization
relationships between different parts of the airplane

15 (e.g., cockpit, fuselage, wings) are maintained.

Home game systems, such as the Sega "Genesis" have
a two-source image merging system for creating shadowing
and highlighting effects on-the-fly (in real time).
When the shadow effect is desired, a first source "tile"

20 or ‘"“sprite" (rectangular block of bit-mapped data
representing the airplane shadow region) is overlaiad
with a second source tile representing the underlying
terrain. For every pixel position where the first
(shadow) sprite intensity is non-zero, a digital signal

25 representing the corresponding terrain intensity in the
second tile is c¢cut in half to thereby produce a
"dimming" effect. The dimmed version of the terrain
tile is then output as part of the video image. {The
dimmed image data is not stored in memory however.)

30 To produce the highlighting effect, the Sega
"Genesis" system divides the shading value of all pixels
within the airplane’s sprite by two and then adds half
the maximum shading value to each such pixel. This
preserves the relative shading relation between parts of

35 the airplane while making each brighter. The augmented
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version of the airplane tile is then output as part of
the video signal, but not saved. It is not possible to
both shade and highlight a tile at the same time in the
Sega "Genesis™" system.

5 The above-described shadowing and highlighting
techniques are of limited |use. Optically-complex
animated scenes require much more. Consider for example
a scene in a Knights of the Realm kind of game. The
hero enters the arch chamber of a church. Stained glass

10 windows of different elevations, colorations,
transparencies, shapes and angles surround the chamber.
A villain is to be seen through the stained glass
windows, approaching from the outside of the chamber at
an angle relative to the stained glass windows. The

15 scene is to be projected through, or displayed on, a
two-dimensional window (hereafter, the observation
plane). For added realism, the position of the
observation plane (the window through which the game
rlayer views the scene) is to rotate slowly about the

20 hero, thus giving a three-dimensional quality to the
displayed two-dimensional scene.

Realistic rendering of such a scene has to take
into consideration the transformation of outside light
as the 1light passes at various angles through the

25 stained glass windows to the observation plane. It also
has to take into account the reflection of internal
lighting off the stained glass windows toward the
observer’s plane. Moreover, if the wvillain throws a
rock through one of the stained glass windows, the

30 visual effects of the hole have to replace those of the
removed window material. If the villain flings mud onto
a window, the transparency and coloration of the
affected window regions have to change accordingly.

Previously available home-game systems (e.g.

35 Nintendo Entertainment System, Sega Genesis) were not
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capable of handling such optically-complex animated
scenes in real time. Some commercial imaging systems

™y

such as the Silicon Graphics "Iris system do provide

mechanisms for handling optical complexities in real

5 time, but this is made possible only through the use of

high speed computers, large memories and special custom

circuitry. These commercial systems are therefore
available only at very high cost.

Heretofore, a 1low cost system for providing

10 realistic renditions of complex animated scenes has not
been available.

Digital graphic processing also relies on the
physical transformation of digital signals representing
image data from one organizational format to another.

15 Part or all of the transformed image data is then
displayed on an appropriate display means (e.g., a
cathode ray tube or a liquid crystal display).

In many instances, it is desirable to transform
digital image data from one format to another at

20 relatively high speed. This is done to create a sense
of animation in displayed images and to create a sense
of real-time responsiveness to user inputs in the case
of interactive systems. Such high-speed transformation
is referred to as real-time digital graphic processing.

25 Real-time digital graphic processing is particularly
useful in flight or other simulation systems,
interactive game systems and the like.

One function that is often called for in real-time
digital graphic processing is the mapping of a source

30 image onto a destination surface. Typically, the source
image comprises one or more pixels each of which is
filled with a particular color or shade. The mapping
function can be a one-to-one copying of pixels from a
source area to a destination area. Or alternatively,

3¢S the mapping function can include a transformation of
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size, and/or a change of shape (e.g., skew) and/or a
rotation of some angle plus a change of colors or image
brightness.

By way of example, consider a simulated scene in a

5 real-time military game. An airplane is to be pictured
on a display panel such that it appears to be flying
towards or away from a viewer. The viewer controls at
least part of the action on the display by way of real-
time controls (e.g., a joystick). If the airplane is

10 to be seen flying towards the viewer, its image becomes
larger as its apparent distance from the viewer
decreases. Conversely, if the airplane is to be seen
flying away from the viewer, its image becomes smaller
as its distance from the viewer increases. Moreover, if

15 the airplane performs a roll during its flight, its
image has to rotate.

If an explosive device ignites near the airplane as
the airplane flies by, the displayed brightness of the
aircraft body should increase momentarily to simulate

20 reflection of light from the explosion off the fuselage
of the airplane.

The airplane may have transparent components, such
as a large bubble-shaped cockpit window; or a hole on
part of its body, the hole being one that is suddenly

25 created by a striking projectile. In such cases, it is
desirable to show background scenery passing
transparently through the cockpit window and/or body
hole as the airplane flies in front of a background
scene.

30 An animated real-time scene of this type can be
produced on a display means in a number of ways.

A brute force approach would separately generate
each frame of the animated scene data in its entirety,
store the generated frame data in high speed memory

35 (e.g., video RAM) and transfer each complete frame



WO 94/10642 _ PCT/US92/09350

-8-

(background plus airplane) to the display means at an

appropriate frame rate. This brute-force approach

wastes memory space and demands high-speed performance

from the processing circuitry that generates the
5 sequential frames of image data.

A better approach relies on the concept of sprite
painting. One area of memory stores nonchanging,
background image data and a second area of memory stores
the image data of the airplane and other moving bodies.

10 With each displayed frame, the image of the airplane is
mapped from the second memory area onto the background
image of the first memory area. The mapping function
changes with time to provide size enlargement or
reduction and rotation over time. The mapping function

15 also provides changes of color and/or brightness to
simulate various illuminations such as that from a
nearby explosion.

Ideally, it should be possible to take any source
image and produce a mapping of it which includes

20 arbitrary amounts of enlargement or reduction‘in size.
It should be possible to project the mapped copy onto a
destination grid with or without rotation and/or shape
distortion (skew). It should also be possible to
project the mapped copy onto a destination grid with or

25 without changes of color.

High-performance electronic computer systems are
available for transforming image data in such a manner,
such as the Silicon Graphics Iris™ system mentioned
above. Such systems rely on complex software-controlled

30 data transformations and bulk transfers of image data
from one memory region to another. A general purpose
computing unit is burdened with the task of supporting
all calculations. Unfortunately, these computer systems

suffer from drawbacks such as excessive cost, large
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circuit size, complexity and/or slow image rendition
speed.
A need exists within the industry for a compact
image-rendering system that can be implemented at low
5 cost on one or a few integrated circuit (IC) chips and
can nonetheless perform high-speed complex image
transformations.
A need also exists to control such an image-
rendering system with a plurality of software routines
10 or primitives which can be called by higher 1level
routines in a logical, basically self-evident manner, so
that the detailed complexities of the image-rendering
system can be hidden. Such routines should also provide
protection from unintentional misuse of the image-

15 rendering system.

SUMMARY OF THE INVENTION

According to the invention, roughly described,

linked lists of spryte control blocks are prepared in

20 memory and traversed by a spryte rendering engine. Each
spryte control block controls the rendering of a
respective spryte into the display buffer, and contains

such information as a pointer to source data for the
corresponding spryte, positional and perspective

25 specifications for a destination quadrilateral, a
control word for manipulations to be performed on the
spryte image source data, and an indication of which of
several available formats the spryte image source data

is packed in. A spryte control block can also control

30 the spryte rendering engine to modify a portion of
existing display data, using either new spryte image
source data or constant data. Once the linked list is
prepared, the spryte rendering engine can be called by
writing certain wvalues into specific memory-mapped

35 hardware registers, and then writing dummy data to an
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address recognized by the hardware as a command to
initiate the spryte rendering operation.

BRIEF DESCRIPTION OF THE DRAWINGS

5 The invention will be described with respect to
particular embodiments thereof, and reference will be
made to the drawings, in which:

Fig. 1 is a block diagram of major components of a
hardware system in which the invention may be used;
10 Fig. 2 is a symbolic block diagram of the address
manipulator of Fig. 1;
Fig. 3 is a block diagram of part of the address
generator of Fig. 2;
Fig. 4 is a block diagram of the stack address
15 logic of Fig. 3; and .
Fig. 5 is a block diagram of left address pad logic

of Fig. 3.
DETATILED DESCRIPTION
20 The embodiments described herein are intended to

operate on hardware systems such as that described in
the related AUDIO/VIDEO COMPUTER ARCHITECTURE
application the related IMPROVED METHOD AND APPARATUS
FOR PROCESSING IMAGE DATA application and the related
25 SPRYTE RENDERING SYSTEM WITH IMPROVED CORNER CALCULATING
ENGINE AND IMPROVED POLYGON-PAINT ENGINE application.
These applications are incorporated herein by reference,
and the description of the hardware described in such
applications need not be repeated here. Certain
30 information set forth below, however, will be useful to

an understanding of the present invention.

I. Overall Hardware Architecture
Fig. 1 is a block diagram showing major components
35 of the hardware system. It comprises a CPU 102, which
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may be an ARM 60 RISC processor manufactured by Advanced
RISC Machines, Ltd., Swaffham Bulbeck, Cambridge, U.K.
The ARM 60 is described in Advanced RISC Machines, "ARM
60 Datasheet" (1992), incorporated herein by reference.
5 The address bus 104, which is provided as an input to an
address manipulator chip 106. The address manipulator
chip 106 contains, among other +things, an address
generator for providing DMA-generated addresses to
system memory, as well as addresses from other sources;
10 a D-bus arbiter; two spryte engines; and interfaces to
a player bus, a slow bus and a set of external
processors. The address manipulator chip 106 generates
addresses for system memory 108, which includes a left
memory bank 108A and a right memory bank 108B. System
15 memory is 32-bits wide, the high-order 16 bits of each
32-bit word being in left memory 1082 and the low-order
16 bits blkeing in right memory 108B. The CPU 102
addresses system memory only in words, but the address
manipulator chip 106 can address each half of the memory
20 entirely independently. Address manipulator chip 106
provides addresses and control signals to left memory
1082 over an LA bus 110 and an LCTL bus 112,
respectively, and provides addresses and control signals
to right memory 108B over an RA bus 114 and RCTL bus

25 116, respectively.
System memory 108 can include one or two "sets" of
video RAM (VRAM) and zero, one or two sets of DRAM. A
set VRAM contains 512 k bytes of left memory and 512 k
bytes of right memory, for a total of one megabyte. A
30 set of DRAM is, depending on the system configuration,
one, four or 16 megabytes long. As with VRAM, half of
each set is located in the left bank of memory and the
other half is located in the right bank of memory.
However, unlike VRAM, DRAM is always accessed in full
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32-bit words. System memory 108 is considered
big-endian.
All of the left and right bank system memory sets
receive the respective left and right half addresses
5 generated by the address manipulator chip 106. All of
the left bank sets also include a data port which are
coupled bi-directionally with a 1left half data bus
D(31:16) 118. Similarly, the data ports of all of the
sets of right bank memory are coupled bi-directionally
10 with a right half data bus D(15:0) 120. The VRAM sets
also have a serial port S, which is coupled
bi-directionally with an S$(31:0) bus 122,
Address manipulator chip 106 also provides and
receives control signals to and from the CPU 102 over
15 lines 128, and is also coupled bi-directionally with the
left and right data buses 118 and 120. Address
manipulator chip 106 also interfaces to a slow bus 130,
which is an 8-bit bus for accessing such devices as a
_ CPU ROM 132, a battery-backed SRAM, and/or various front
20 panel devices 134. It may also support additional CPU-
accessible RAM, and may also support an FM sound
generator device. The slow bus 130 includes 14 bits of
the address bus 104 A(16:2), an 8-bit data bus PD(7:0),
a PDRDB read strobe, a PDWRB write strobe, and various
25 control lines. PDRDB and PDWRB are used to carry the
two low-order address lines for accessing the 8-bit wide
CPU ROM 132.
Address manipulator chip 106 also interfaces to a
player bus 136, which is used to connect the system to
30 various user input/output devices such as joysticks, 3-
D glasses, hand controllers and steering wheels, and and
game saver cartridges. Address manipulator chip 106 is
also coupled to a control bus 138, which is used to send
and receive control signals to and from other processors
35 in the system of Fig. 1..
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The system of Fig. 1 further includes an
audio/video processor chip 140 which is coupled bi-
directionally to both halves 118 and 120 of the D-bus,
and coupled to receive data from the 32-bit wide S bus

5 122. Audio/video processor chip 140 is also coupled to
the control bus 138, and is coupled to receive address
bits A(15:2) from the system address bus 104. The
audio/video processor chip 140 generally includes
display path circuitry, an audio subsystem, timers, an

10 interrupt controller, an expansion bus interface and a
watchdog timer. The expansion bus interface couples to
an expansion bus 142 which includes control lines 144
and an 8-bit bus 146 carrying multiplexed address and
data information. The expansion bus 142 supports such

15 devices as CD/CD-ROM player 148 and optional expansion
bus RAM 150. The CD/CD-ROM player 148 is built into the
housing of the system of Fig. 1 and provides the primary
mechanism by which software (including the routines
described herein) is loaded into the system for

20 execution on the CPU 102.

The audio/video processor 140 communicates with
audio/video output circuitry 152 via audio lines 157,
control 1lines 156, and a 12-bit AD bus 158. The
audio/video output circuitry 152 generally generates the

25 video timing and output video waveforms. It provides a
composite video output, an RF output for connection to
a standard television, an SVHS output, and separate left
and right audio signal outputs.

The system of Fig. 1 also includes a decompression

30 co-processor 166 which is coupled to the control bus
138, to bits A(15:2) of the system address bus 104, and
to both halves 118 and 120 of the D bus. Decompression
co-processor 166 is used to decompress software which is
loaded into the system from the CD/CD-ROM player 148 or

35 from another source.
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A section of system memory starting at address zero
and extending to either 0, 8, 16 or 32 K bytes, may be
defined as SYSRAM. The size selection is made by the
software. The address manipulator chip 106 contains

5 protections which prevent user software from writing to
or reading from SYSRAM. Only software running in the
supervisor mode of the CPU 102 may write to SYSRAM.

All of the system address and timing signals are
generated by the address manipulator chip 106. Any

10 requests for access to system memory from either the CPU
102 or the audio/video processor 140 pass through the
address manipulator chip 106.
Except for the allocation of SYSRAM, and except for
a 1 megabyte limitation on data structures which are
15 expected to be shifted out the S-port of a video RAM,
present only because of physical VRAM boundaries, the
restrictions on where various portions of a software
application may be located in system memory are minimal.
In a minimum system, with only one megabyte of system
20 memory (VRAM), the low 64k 32-bit words might contain
CPU instructions and data. The next 300k bytes might
contain uncompressed 8-bit image source data, and the
next 172k bytes might contain audio and other data. The
next 150k bytes might be allocated for one frame buffer
25 (320 by 240 pixels by two bytes per pixel), and the last
150k bytes might be allocated for a second frame buffer.

Frame buffers are arranged so that even number data
lines reside in the left memory bank and odd number data
lines reside in the right memory bank. Pixels are

30 represented as 16-bit values divided as follows: five
bits to represent a red pen number, five bits to
represent a green pen number, four bits to represent a
blue pen number, and two subposition bits H and V. 1In
an alternative data format, one of the H or V bits is

3% replaced by a fifth blue pen number bit. When a pixel
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value is transmitted down the display path, a colorx

look-up table translates each 4- or 5-bit pen number to

an 8-bit value for the corresponding color DAC. The

color look-up table can be updated prior to each scan

5 line. Pixels are stored at a low resolution of 320 by

240 pixels per frame, and the H and V subposition bits

indicate which quadrant of the low-resolution pixel area

the designated color is actually considered to be
located in.

10 Fig. 2 is a symbolic block diagram showing major

functional units of the address manipulator chip 106 of

Fig. 1. It comprises an internal 32-bit MDT data bus

202, an internal 32-bit MADR address bus 204. The MDT

data bus 202 is coupled to the left and right half

15 system D-bus 118, 120 via buffers 222. The chip 106

also includes a CPU interface unit 206 which is coupled

to receive CPU-generated addresses over the A-bus 104,

and also communicates with the CPU 102 over control

lines 128. Among the control 1lines 128 is an MCLK

20 signal provided by the CPU interface 106 to the MCLK

input of CPU 102, which is the memory clock input of CPU

102. Address manipulator 106 controls the waveform of

this clock signal to both stretch CPU cycles for slow

accesses and to put the CPU 102 to sleep for long

25 periods of time. The ARM 60 CPU is a static part which

does not need maintain any minimum clock input
frequency.

Addresses generated by the CPU 102 are passed by

the CPU interface 206 to an address generator 208 when

30 a D-bus arbiter 210 grants control of the D-bus and

address generator 208 to the CPU 102. The address

generator 208 drives the high-order address bits from

A(31:16) onto the MADR bus 204, where they are decoded

by an address decoder 212. Address decoder 212

35 determines from these bits whether the desired address
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represents a memory-mapped hardware register, in which
case it activates the appropriate select line to notify
the appropriate hardware component in the system of Fig.
1. That hardware component then performs the desired
5 function in response to bits A(15:2) of system address
bus 104. If address decoder 212 determines that the
desired address is part of system memory 108, then it so
notifies the address generator 208. Address generator
208 generates the appropriate addressing and control

10 signals on the LCTL and LA buses 112 and 110, and the
RCTL and RA buses 116 and 114.

Address generator 208 receives addresses from the
CPU via the CPU interface 206 and also from spryte
engine 214. Address generator 208 also maintains a

15 stack of DMA control information and can generate
addresses for DMA transfers. The D-bus arbiter 210
receives requests from the various devices for transfers
over the D-bus, arbitrates among them, and indicates to
address generator 208 which request to service. Even

20 though the two halves of system memory are addressed and
controlled separately, only one master may |Dbe
operatibnal at a time. If the winning requestor has
requested a DMA transfer, then the D-bus arbiter 210
supplies the address generator 208 with a DMA group

25 address indicating where in the DMA stack the desired
control information may be found for the requested
transfer. In effect, the DMA group address identifies
a particular DMA channel. The DMA interface is handled
entirely within the address manipulator chip 106.

30 The spryte engine 214 is coupled to the internal
MDT data bus 202, and the functions and operation of the
spryte engine 214 are described in more detail below.

Address manipulator chip 106 also includes a player
bus interface 216 and a slow bus interface 218, for

35 interfacing respectively to the player bus 136 and the
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slow bus 130. These need not be described here in
detail.

D-bus arbiter 210 receives requests from various
requestors for access to the D-bus and D-port of system
5 memory 108. When D-bus arbiter 210 grants the bus to a
particular requestor, it sends an acknowledge signal to
the requestor. The details of the D-bus arbiter need
not be described here, except to note that the CPU 102
is intentionally given the lowest priority in the
10 arbitration for access to the D-bus port of system
memory 108 because in the architecture of Fig. 1, the
CPU 102 is conceived to perform housekeeping functions
only. All the other functional units in the system are
more tightly coupled with the memory than the CPU is, so
15 they can perform their functions at high speed. In the
past, the requirement that the CPU perform many of the
detailed functions of an interactive multi-media system
either 1limited the performance and realism of the
system, or mandated the use of a powerful and expensive

20 CPU, or both.

II. r Manipulation m
The spryte engine 214 (Fig. 2) is described in
detail in the related SPRYTE RENDERING SYSTEM WITH
25 IMPROVED CORNER CALCULATING ENGINE AND IMPROVED POLYGON-
PAINT ENGINE and IMPROVED METHOD AND APPARATUS FOR
PROCESSING IMAGE DATA applications. Without repeating
those descriptions, it 4is wuseful to note here that
whereas conventional imaging systems are built around
30 the concept of a *"sprite", the embodiment described
herein refers instead to a "spryte". The difference in
spelling is intentional. A conventional sprite consists
of a rectangularly-shaped area of image data, with all
scan lines of a conventional sprite having the same
35 length. A ‘“spryte", on the other hand, is defined
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herein as a compilation of horizontal scan-lines
extending from, and to the right of, a vertical
(hypothetical) spryte edge line where each scan line
includes data representing a number of successive source
5 pixels. The 1length of each spryte scan-line is
independently controlled by an EOL (end-of-line)
terminating code or other appropriate means. The top
point on the spryte edge line is defined by a spryte
corner position. The total number of horizontal lines
10 which collectively define a spryte is given by a spryte
line count. A spryte can include scan-lines with no
pixels in them, and particular pixels within a spryte
can be designated as transparent. In effect, therefore,
a spryte can be thought of as having any shape that
15 might be desired.

ITIT. Address Generator 208
Fig. 3 is a block diagram of parts of address
generator 208 (Fig. 2). Fig. 4 is a block diagram of
20 stack address logic 336 (Fig. 3), and Fig. 5 is a block
diagram of the left and right address pad logic units
345, 353 (Fig. 3). These units are described in detail
in the above-mentioned AUDIO/VIDEQO COMPUTER ARCHITECTURE
application and need not be repeated here. It is
25 worthwhile noting, however, that CPU-originated
addresses and addresses originating from the spryte
engine are provided to the memory 108 via respective
input ports of a multiplexer 316. All other system
memory accesses are performed by DMA using the DMA stack
30 312.

The 128 22-bit registers in the DMA stack 312 are
organized in groups, each group storing the information
required to control a respective DMA "channel". Each
group is located at a respective fixed set of addresses

35 in the DMA stack 312, and each channel is predefined to
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control transfers from a particular source device to a
particular destination device. Table I sets forth
certain information about the channels used for the
spryte engine:

5 ABLE 1
Grouping No. Registers Looping  Interrupts  Transfers Channels Max DMA
Tvpe Groups Per Grp Available vailable  Controlled Available Burst [en
10 Spryte Engine 1 8 No No Spryte control
data 1 7 words
PIP data 1 4 words
Spryte source
data start
15 address 1 1 word
Spryte image data 2 4 word
Iv. r B k
20 Before describing how spryte source data 1is

provided to the spryte engine 214, it will be useful to
describe a data structure known as a spryte control
block (SCoB). 2 SCoB controls the hardware operations
to be performed on a particular spryte. Before invoking
25 the spryte engine 214, the CPU 102 prepares a linked
list of such SCoBs in system memory 108, and then loads
a memdry—mapped register in the address generator 208 to
indicate where to find the first SCoB.
The SCoB data structure contains the words set
30 forth in Table II below.
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TABLE I
SCoB Data Structure
Number
5  of Bits Name Description
32 FLAGS Assorted flags. This is the first word read by the spryte-rendering
hardware. (The flag bits are detailed in below TABLE IIL.)

10 24 NEXTPTR Address of next SCoB to process. (Format is absolute or relative.)
Spryte rendition takes place by stepping through a linked list having
one or more SCoB’s. After a first source spryte is mapped to, and
painted onto a destination grid area defined by its SCoB, the spryte-
rendering engine processes the next SCoB, if any, and renders its

15 source spryte onto its designated destination surface. The linked
list can be circular if desired so that the process is repeated
iteratively.

24 SOURCEPTR Address in system memory 108 of image data that is to be rendered

20 as a spryte.

24  PIPPTR Address in system memory 108 of Pen Index Palette (PIP) that is

to be loaded into the IPS unit in spryte engine 214.

25 32 XPOS Horizontal position (in 640-max pixels format) in the destination
grid of the upper left corner of the to-be rendered spryte, including
16 bits which represent a fraction (noninteger) position-defining
portion.

30 32  YPOS Vertical position (in 480-max pixels format) in the destination grid
of the upper left corner of the to-be rendered spryte, including 16-
bit fraction part.

32 DX Horizontal position increment from mapped first corner of a source
35 pixel to mapped second corner of a source pixel when scanning and
re-mapping the first spryte row onto the destination grid (format
is two 16-bit half-words which are expressed in integer.fraction form
as: 12.20).

40 32 DY Vertical position increment from mapped first corner of a source
pixel to mapped third corner of a source pixel when scanning and
re-mapping the first spryte row (12.20).

- 32 LINEDX Horizontal position increment in destination grid from top left
45 corner of 1st mapped spryte row to top left corner of 2nd mapped
spryte row (16.16).
32 LINEDY - Vertical position increment from 1st line to 2nd (16.16).
50 32 DDX Increment to DX for each successive row after the 1st row of the
spryte being rendered (12.20).
32 DDY Increment to DY for each successive line processed (12.20) after
1st line.

55 32 PPMPC PPMP control word (two halfwords: 16, 16) (See Table IV).
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Possible 1st preamble word.

Possible 2nd preamble word.

The bits of the FLAGS word specified above are
defined as set forth in Table III. These flag bits
control specific fetching and rendering operations of

the spryte-rendering engine 214. The data specific

control bits are found in the preamble word of the

source data.

Bits Name
B31 =SKIP
B30 =LAST
B29 =NPABS
B28 =SPABS
B27 =PPABS
B26 =LDSIZE
B25 =LDPRS
B24 =LDPPMP
B23 =LDPIP
B22 =SCoBPRE
B21 =YOXY

B20:B19 = xx
B18 =ACW
B17 =ACCW
Bl16 =TWD

TABLE I
ELAGS Word

Descrioti
If set, skip this SCoB. .

If set, this is the last SCoB to process.

1=Absolute, 0=Relative address for NEXTPTR.

1=Absolute, 0=Relative for SOURCEPTR.

1=Absolute, 0=Relative for PIPPTR.

Load 4 words of size and slope data. (DX, DY, LINEDX, LINEDY).
Load 2 words of perspective (skew control) data. (DDX, DDY).
Load new PPMP control word (PPMPC) into PPMP control registers.
Load new PIP data into PIP.

Preamble location. 1=At end of SCoB, 0=At start of source data.

Translate the XY values to a system memory address value and write the
corresponding data to the hardware.

Reserved.
Allow rendering of a CW (clock-wise) oriented destination pixel.
Allow rendering of a CCW oriented destination pixel.

Terminate rendition of this Spryte if wrong direction is encountered (CW-

CCW).






