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(57) ABSTRACT 

An animation system provides synchronization services to 
synchronize actions of tWo more interactive user interface 
characters that are displayed simultaneously. The animation 
services alloW applications to make animation requests to 
control the actions of characters on the display. These 
actions include playing one of the CharaCter’s animation 
sequences and generating speech output With lip-synched 
animation of the CharaCter’s mouth. Accessible via script 
commands or an Application Programming Interface, the 
synchronization services alloW an application to control 
interaction betWeen tWo or more characters on the display. 
Applications Can synchronize actions by invoking straight 
forWard commands such as Wait, Interrupt, or Stop. In 
response to these commands, the animation server synchro 
nizes scheduled actions by halting playback of a character 
until a speci?ed action of another character completes or 
halting a speci?ed action of one character after scheduled 
actions for another character are completed. 

ANIMATION 
ANIMATION 
SCRIPT 1 

SCRIPT 2 

SCRIPTING ENGINE 

,soa 

AGENT 510 / 512 
CONTROL 

APP. 1 APP. 2 

A A A 

500 
V V V / 

ANIMATION SERVER f 540 

REQUEST 
MANAGER 

THREAD THREAD THREAD 
CHARACTER 1 CHARACTER 2 CHARACTER 3 

QUEUE1 QUEUE2 QUEUE3 

J ‘ J ‘ ‘ 
530 \ 520 532 \ 522 534 J \ 524 





Patent Application Publication Jan. 24, 2002 Sheet 2 0f 9 US 2002/0008703 A1 

FIG. 2 

FIG. 3 
102 104 106 

CLIENT 1 CLIENT 2 CLIENT 3 
M i A 

i ‘I V 

ANIMATION SERVER 

10o 
LOAOER sEQuENcER REGIONIZER J 

K K K 
108 110 112 

A 

v r122 
REGION WINDOW CONTROLLER 

120 
J 

OPERATING SYSTEM 



Patent Application Publication Jan. 24, 2002 Sheet 3 0f 9 US 2002/0008703 A1 

FIG. 4 

II 

OPEN ANIMATION FILE 1150 

II 

READ ANIMATION _/152 
HEADER BLOCK 

I 

248 INTIALIZE CURRENT 1190 
FRAMEN MBER 

TIMER ?~ U 
UP I 

GET IMAGE DATA 1192 

II 
coNsTRucT FRAME 1194 

II 

COMPUTE BOUNDING _/210 
REGION 

II 

SET POSITION OF _/240 
REGION WINDOW 

II 

SET REGION TO 242 
BOUNDING REGION OF -/ 
THE CURRENT FRAME 

II 

DRAW FRAME TO _/244 
REGION WINDOW 

II 

GET IMAGE DATA 

II 

RETURN 



Patent Application Publication Jan. 24, 2002 Sheet 4 0f 9 US 2002/0008703 A1 

FIG. 5 NUMBER OF FRAMEs r160 
FRAME DATA 1 r162 
FRAME DATA 2 1-164 

FRAME DATA N r166 

POSITION (X,Y) r174 
DuRATloN r176 
ID r178 

OFFSET 1-180 
V 

coMPREssED 182 
BITMAPS / 

LOOK IN DATA /200 FIG. 6 
CACHE FDR FRAME 

7 

' LOAD 204 
YES B|TMAP(S) / 

V 

DECOMPRESS f206 
V 

COMPOSITE 

V 

RETURN 
FRAME 

/208 



Patent Application Publication 

COMPUTE 
REGION 

Jan. 24, 2002 Sheet 5 0f 9 

v 

SEARCH CACHE 
FOR REGION DATA 

/22O 
FIG. 7 

l 
i 

v 

RETURN 

US 2002/0008703 A1 

II 

DETERMINE 
COLOR KEY 

v 

PIXELS 

SCAN IMAGE FOR 
CONTIGUOUS LINE OF 
NON-TRANSPARENT 

/22s 

V K230 
COMBINE BOUNDING RECT. 

OF RUN WITH RECT. 
OF PREVIOUS RUNS 

YES 
ANOTHER 

RUN 
? 
NO 

232 



Patent Application Publication Jan. 24, 2002 Sheet 6 0f 9 US 2002/0008703 A1 

FIG, 8 SERVER APPLICATION PROGRAM 
INSTANCE V|RTUAL 

DATA FUNCTION 
STRUCTURE TABLE METHOD 0 

308\ ‘ 

F 310-’ f' 
302 314/ \ 

METHOD 1 

/ 
304 

320 
METHOD 2 ‘ 

r. 
300 (T 

320 

r. 
102 CLASS FACTORY 

9 (-342 
OBJECT 340 

USER 346 f- OBJECT 
r_344 348 q (-350 

IMPLEMENTATION OBJECT'S 
OF INTERFACE INTERNAL 
MEMBERS DATA 

("k 



Patent Application Publication Jan. 24, 2002 Sheet 7 0f 9 US 2002/0008703 A1 

FIG. ‘IO 
f- 360 

AGENT 

362 
COMMANDS 

' /374 
COMMAND ---------- __ 

CHARACTER f364 

USER 

INPUT /368 

OUTPUT /370 

BALLOON /372 



Patent Application Publication Jan. 24, 2002 Sheet 8 0f 9 US 2002/0008703 A1 

HTML 

D°8BUiéE¥T < 

FIG. 11 TAG> WEB 
<SCRIPTING CONTENT 

450 PROG RAM> 

UUUUU 
/ \CL—L. 

454 WWW SITE 
452 

60 

O 

_ IIIIIIIIIII _ 



Patent Application Publication Jan. 24, 2002 Sheet 9 0f 9 US 2002/0008703 A1 

502 

ANIMATION 504 
ANIMATION SCRIPT 2 / 
SCRIPT 1 

SCRIPTING ENGINE 

/-508 
/ 510 512 

AGENT / / 
CONTROL 

APP. 1 APP. 2 

I A I 500 
I / 

ANIMATION SERVER 540 

REQUEST 
MANAGER 

THREAD THREAD THREAD 
CHARACTER 1 CHARACTER 2 CHARACTER 3 

QUEUE1 QUEUE 2 QUEUE3 

J k J ‘ J \ 
530 \\ 520 532 \ 522 534 \ 524 

FIG. 12 



US 2002/0008703 A1 

METHOD AND SYSTEM FOR SYNCHRONIZING 
SCRIPTED ANIMATIONS 

RELATED APPLICATION DATA 

[0001] This application is a continuation in part of US. 
application Ser. No. 08/858,648 ?led With the US. Patent 
and Trademark Of?ce on May 19, 1997. 

FIELD OF THE INVENTION 

[0002] The invention relates to computer generated ani 
mation, and more speci?cally to synchronization of inter 
active animations (animations that are responsive to user 
input). 

BACKGROUND OF THE INVENTION 

[0003] Computer animation is more compelling When it 
includes realistic interaction among the components in a 
graphics scene. This is especially true When the animated 
characters in a graphics scene are supposed to simulate 
life-like interaction. Consider the folloWing scenario: during 
a short segment of an animated display, tWo characters are 
on-screen doing a vaudeville routine. They dance together 
for a While, then one of them stops, puts doWn his cane, and 
turns to the other, Who is still dancing. He says, “Hey, 
Merlin! Did you hear the one about the cat Who ate the 
paper?” Merlin responds, “No, I haven’t heard that one.” 

[0004] Scenarios like this are at the heart of animation, yet 
it is difficult for application programs to synchroniZe the 
actions of characters so that they appear more life-like. Most 
current applications use a time-based scripting system, in 
Which the precise times at Which individual actions and 
gestures evolve in lock step With a clock. This method is 
very ?exible and quite poWerful. Unfortunately, it requires a 
great deal of attention to each frame, it is very time 
consuming, and the resulting script is hard to read. These 
limitations affect the use and availability of animation to 
designers in the mass market. Since it is particularly dif?cult 
to express such scripts in string format, they are particularly 
unsuitable to the World Wide Web (the Web), over Which 
most control information is transmitted as text. 

[0005] So-called rapid prototyping languages (including 
the Microsoft Visual Basic (VB) and Borland Delphi pro 
totyping languages) use a much more accessible form of 
scripting. These languages use textual command scripts to 
run procedures based on underlying controls. VB, in par 
ticular, represents its scripts as simple text ?les, Which can 
be edited With the most basic of tools and are easy to read 
and Write. Moreover, VBScript, a someWhat restricted form 
of VB, is already Widely available as a scripting tool over the 
Web, and is naturally expressed in text. 

[0006] While these rapid prototyping languages facilitate 
development of softWare applications and are Well suited for 
Web site development, they do not provide the precise 
control over timing that multimedia scripts provide. Unfor 
tunately, multimedia scripts are more dif?cult to use, par 
ticularly because they require complex time-based program 
ming to synchroniZe animations. 

SUMMARY OF THE INVENTION 

[0007] The invention provides a method for synchroniZing 
animations that addresses these and other draWbacks. The 
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invention may be implemented in an animation server that 
provides synchroniZation services to client programs. The 
synchroniZation services are particularly Well suited for 
scripted animations, i.e., animations that are controlled via a 
script. HoWever, these synchroniZation services are also 
accessible to other types of application programs Written in 
programming languages such as C, C++, and Java via an 
Application Programming Interface. The invention provides 
synchroniZation methods used to synchroniZe the playback 
and speech of tWo or more interactive animations that share 
the display. These animations are interactive in the sense that 
they respond to user input such as clicks of a mouse button 
or speech input via a speech recognition engine. 

[0008] In one implementation of the invention, an anima 
tion system enables applications to request animation ser 
vices and input/output services for interactive animations 
such as user interface characters. One speci?c form of this 
type of character is a non-rectangular animation that is 
superimposed over the WindoWs of concurrently executing 
programs. Through the animation system’s input services, 
applications can specify the input commands that a character 
Will be responsive to, including mouse input or speech via 
a speech recognition engine 

[0009] Applications animate the characters by invoking 
commands to request actions such as playing an animation 
sequence or generating speech output from text. In response 
to these commands, the system schedules the actions for 
playback. In one implementation, the system maintains a 
queue for each character and schedules the actions in ?rst-in, 
?rst-out order. 

[0010] To synchroniZe actions of tWo or more characters, 
an application invokes a synchroniZation command of the 
animation system and speci?es an action of a character that 
it Wants to synchroniZe With another character. The Way in 
Which the system synchroniZes the actions of the characters 
depends on the synchroniZation command. One type of 
command, called a Wait command, synchroniZes actions of 
different characters by halting a character until the speci?ed 
action of another character has completed. Another type of 
command, called an interrupt, causes an interrupt to be 
scheduled for a character. When this interrupt is processed, 
the animation server halts (e.g., deletes from a queue) a 
speci?ed action of another character. Using the events 
supported in the animation system, an application can pro 
gram the system to notify it about the progress of an 
animation or about input from the user. This feature enables 
applications to synchroniZe actions of characters in response 
to events. 

[0011] Applications can be Written in the form of text 
based scripts. These scripts control animations by making 
animation requests via textual script commands. Scripts can 
animate more than one character and synchroniZe the char 
acter’s actions via the synchroniZation commands summa 
riZed above. The script commands operate on character 
actions, rather than on a time-based scheme. This enables 
programmers to quickly Write animation scripts involving 
interaction betWeen tWo or more animations Without requir 
ing precise frame by frame control of the animations. 

[0012] Further features and advantages of the invention 
Will become apparent With reference to the folloWing 
detailed description and accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a general block diagram of a computer 
that serves as an operating environment for the invention. 

[0014] FIG. 2 is a screen shot illustrating an example of 
animated character located on top of the user interface in a 
WindoWing environment. 

[0015] FIG. 3 is a diagram illustrating the architecture of 
an animation system in one implementation of the invention. 

[0016] FIG. 4 is How diagram illustrating hoW the ani 
mation server in FIG. 3 plays an animation. 

[0017] FIG. 5 illustrates an eXample of the animation ?le 
structure. 

[0018] FIG. 6 is a How diagram illustrating a method used 
to retrieve image data to construct a current frame of 
animation. 

[0019] FIG. 7 is a How diagram illustrating the process for 
obtaining the bounding region of an arbitrary shaped ani 
mation. 

[0020] FIG. 8 is a diagram illustrating an eXample of a 
COM server and its relationship With an instance of object 
data. 

[0021] FIG. 9 is a conceptual diagram illustrating the 
relationship betWeen a COM object and a user of the object 
(such as a client program). 

[0022] FIG. 10 illustrates the relationship among the 
different types of objects supported in the animation server. 

[0023] FIG. 11 is a diagram of a Web broWsing environ 
ment illustrating hoW interactive, animated user interface 
characters can be activated from Web pages. 

[0024] FIG. 12 is a block diagram illustrating the How of 
information from scripts and other types of applications to 
the animation server and the character threads that it spaWns. 

DETAILED DESCRIPTION 

[0025] Computer OvervieW 

[0026] FIG. 1 is a general block diagram of a computer 
system that serves as an operating environment for the 
invention. The computer system 20 includes as its basic 
elements a computer 22, one or more input devices 28, 
including a cursor control device, and one or more output 
devices 30, including a display monitor. The computer 22 
has at least one high speed processing unit (CPU) 24 and a 
memory system 26. The input and output device, memory 
system and CPU are interconnected and communicate 
through at least one bus structure 32. 

[0027] The CPU 24 has a conventional design and 
includes an ALU 34 for performing computations, a collec 
tion of registers 36 for temporary storage of data and 
instructions, and a control unit 38 for controlling operation 
of the system 20. The CPU 24 may be a processor having 
any of a variety of architectures including Alpha from 
Digital, MIPS from MIPS Technology, NEC, IDT, Siemens, 
and others, X86 from Intel and others, including CyriX, 
AMD, and NeXgen, and the PoWerPC from IBM and 
Motorola. 
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[0028] The memory system 26 generally includes high 
speed main memory 40 in the form of a medium such as 
random access memory (RAM) and read only memory 
(ROM) semiconductor devices, and secondary storage 42 in 
the form of long term storage mediums such as ?oppy disks, 
hard disks, tape, CD-ROM, ?ash memory, etc. and other 
devices that store data using electrical, magnetic, optical or 
other recording media. The main memory 40 also can 
include video display memory for displaying images 
through a display device. The memory 26 can comprise a 
variety of alternative components having a variety of storage 
capacities. 
[0029] The input and output devices 28, 30 are conven 
tional peripheral devices coupled to or installed Within the 
computer. The input device 28 can comprise a keyboard, a 
cursor control device such as a mouse or trackball, a 

physical transducer (e.g., a microphone), etc. The output 
device 30 shoWn in FIG. 1 generally represents a variety of 
conventional output devices typically provided With a com 
puter system such as a display monitor, a printer, a trans 
ducer (e.g., a speaker), etc. Since the invention relates to 
computer generated animation and speech input and output 
services, the computer must have some form of display 
monitor for displaying this animation, a microphone and 
analog to digital converter circuitry for converting sound to 
digitiZed audio, and speakers and digital to audio converter 
circuitry for converting digitiZed audio output to analog 
sound Waves. 

[0030] For some devices, the input and output devices 
actually reside Within a single peripheral. Examples of these 
devices include a netWork adapter card and a modem, Which 
operate as input and output devices. 

[0031] It should be understood that FIG. 1 is a block 
diagram illustrating the basic elements of a computer sys 
tem; the ?gure is not intended to illustrate a speci?c archi 
tecture for a computer system 20. For eXample, no particular 
bus structure is shoWn because various bus structures knoWn 
in the ?eld of computer design may be used to interconnect 
the elements of the computer system in a number of Ways, 
as desired. CPU 28 may be comprised of a discrete ALU 34, 
registers 36 and control unit 38 or may be a single device in 
Which one or more of these parts of the CPU are integrated 
together, such as in a microprocessor. Moreover, the number 
and arrangement of the elements of the computer system 
may be varied from What is shoWn and described in Ways 
knoWn in the computer industry. 
[0032] Animation System OvervieW 
[0033] FIG. 2 is a screen shot illustrating an eXample of 
animated character located on top of the user interface in a 
WindoWing environment. This screen shot illustrates one 
eXample of hoW an implementation of the invention creates 
arbitrary shaped animation that is not con?ned to the Win 
doW of a hosting application. The animated character 60 can 
move anyWhere in the user interface. In this WindoWing 
environment, the user interface, referred to as the “desktop” 
includes the shell 62 of the operating system as Well as a 
couple of WindoWs 64, 66 associated With currently running 
application programs. Speci?cally, this eXample includes an 
Internet broWser application running in one WindoW 64 and 
a Word processor application 66 running in a second WindoW 
on the desktop of the WindoWs 95 Operating System. 

[0034] The animated character moves on top of the desk 
top and each of the WindoWs of the eXecuting applications. 
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As the character moves about the screen, the animation 
system computes the bounding region of the non-transparent 
portion of the animation and generates a neW WindoW With 
a shape to match this bounding region. This gives the 
appearance that the character is independent from the user 
interface and each of the other WindoWs. 

[0035] To generate an animation like this, the animation 
system performs the following steps: 

[0036] 1) loads the bitmap(s) for the current frame of 
animation; 

[0037] 2) constructs a frame of animation from these 
bitmaps (optional depending on Whether the frame is 
already constructed at authoring time). 

[0038] 3) computes the bounding region of the con 
structed frame in real time; 

[0039] 4) sets a WindoW region to the bounding 
region of the frame; and 

[0040] 5) draWs the frame into the region WindoW. 

[0041] The bounding region de?nes the non-transparent 
portions of a frame of animation. Aframe in an animation is 
represented as a rectangular area that encloses an arbitrary 
shaped animation. The pixels located Within this rectangular 
area but do not form part of the arbitrary-shaped animation 
are transparent in the sense that they Will not occlude or alter 
the color of the corresponding pixels in the background 
bitmap (such as the desktop in the WindoWs Operating 
System) When combined With it. The pixels located in the 
arbitrary animation are non-transparent and are draWn to the 
display screen so that the animation is visible in the fore 
ground. 
[0042] The bounding region de?nes the area occupied by 
non-transparent pixels Within the frame, Whether they are a 
contiguous group of pixels or disjoint groups of contiguous 
pixels. For example, if the animation Were in the shape of a 
red doughnut With a transparent center, the bounding region 
Would de?ne the red pixels of the doughnut as groups of 
contiguous pixels that comprise the doughnut, excluding the 
transparent center. If the animation comprised a football and 
goalposts, the bounding region Would de?ne the football as 
one or more groups of contiguous pixels and the goalposts 
as one or more groups of contiguous pixels. The bounding 
region is capable of de?ning non-rectangular shaped anima 
tion including one or more transparent holes and including 
more than one disjoint group of pixels. 

[0043] Once computed, the bounding region can be used 
to set a region WindoW, a non-rectangular WindoW capable 
of clipping input and output to the non-transparent pixels 
de?ned by the bounding region. Region WindoWs can be 
implemented as a module of the operating system or as a 
module outside of the operating system. Preferably, the 
softWare module implementing region WindoWs should have 
access to input events from the keyboard and cursor posi 
tioning device and to the other programs using the display 
screen so that it can clip input and output to the bounding 
region for each frame. The WindoWs Operating System 
supports the clipping of input and output to region WindoWs 
as explained further beloW. 

[0044] The method outlined above for draWing non-rect 
angular animation can be implemented in a variety of 
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different types of computer systems. BeloW We describe an 
implementation of the invention in a client-server animation 
system. HoWever the basic principles of the invention can be 
applied to different softWare architectures as Well. 

[0045] FIG. 3 is a general block diagram illustrating the 
architecture of a client server animation system. The ani 
mation system includes an animation server 100, Which 
controls the playback of animation, and one or more clients 
102-106, Which request animation services from the server. 
During playback of the animation, the server relies on 
graphic support softWare in the underlying operating system 
120 to create WindoWs, post messages for WindoWs, and 
paint WindoWs. 

[0046] In this speci?c implementation, the operating sys 
tem creates and clips input to non-rectangular WindoWs 
(“region WindoWs”). To shoW this in FIG. 3, part of the 
operating system is labeled, “region WindoW controller” (see 
item 122). This is the part of the operating system that 
manages region WindoWs. The region WindoW controller 
122 creates a region WindoW having a boundary matching 
the boundary of the current frame of animation. When the 
system Wants to update the shape of a region WindoW, the 
regioniZer speci?es the bounding region of the current frame 
to the operating system. The operating system monitors 
input and noti?es the server of input events relating to the 
animation. 

[0047] The services related to the playback of animation 
are implemented in four modules 1) the sequencer 108; 2) 
the loader 110 3) the regioniZer 112; and 4) the mouth 
animation module 114. The sequencer module 108 is respon 
sible for determining Which bitmap to display at any given 
time along With its position relative to some ?xed point on 
the display. 

[0048] The loader module 110 is responsible for reading 
the frame’s bitmap from some input source (either a com 
puter disk ?le or a computer netWork via a modem or 
netWork adapter) into memory. In cases Where the bitmap is 
compressed, the loader module is also responsible for 
decompressing the bitmap into its native format. There are 
variety of knoWn still image compression formats, and the 
decompression method, therefore, depends on the format of 
the compressed bitmap. 
[0049] The regioniZer module 112 is responsible for gen 
erating the bounding region of the frame, setting it as the 
clipping region of the frame’s hosting region WindoW and 
then draWing the frame into the region. In sloWer computers, 
it is not feasible to generate the bounding region as frames 
are constructed and played back. Therefore, in this imple 
mentation the regioniZer also supports the loading of bound 
ing region information in cases Where it is precomputed and 
stored along With the frame data in the animation ?le. 

[0050] The mouth animation module 114 is responsible 
for coordinating speech output With the animation repre 
senting a user interface character’s mouth. The mouth ani 
mation module receives a message from a speech synthesis 
engine 116 Whenever a speci?c phoneme is about to be 
spoken. When the mouth animation module receives this 
message, it performs a mapping of the speci?ed phoneme to 
image data stored in a animation mouth data ?le that 
corresponds to the phoneme. It is responsible for loading, 
decompressing, and controlling the playback of the anima 
tion representing the character’s mouth. 
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[0051] The speech synthesis engine 116 is responsible for 
generating speech output from teXt. In this implementation, 
the speech synthesis engine 116 is a SAPI compliant teXt to 
speech generator from Centigram Communications Corp., 
San Jose, Calif. Other SAPI compliant teXt to speech gen 
erators can be used as Well. For example, Lernout and 

Hauspie of Belgium also makes a SAPI compliant teXt to 
speech generator. 
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an array of rectangles. These rectangles describe the rect 
angular regions of piXels in the host WindoW that the WindoW 
region covers. 

[0059] The WindoW region determines the area Within the 
host WindoW Where the operating system permits draWing. 
The operating system does not display any portion of a 
WindoW that lies outside of the WindoW region. Adescription 
of an implementation of SetWindoWRgn folloWs beloW: 

int SetWindoWRgn( 
HWND hWnd,// handle to Window Whose Window region is to be set 
HRGN hRgn, // handle to region 
BOOL bRedraW 

); 
Parameters 
hWnd 

// Window redraW ?ag 

Handle to the Window Whose Window region is to be set. 

Handle to a region. The function sets the Window region of the Window to 
this region. If hRgn is NULL, the function sets the Window region to NULL. 
bRedraW 
Boolean value that speci?es Whether the operating system redraWs the 
Window after setting the Window region. If bRedraW is TRUE, the 
operating system does so; otherwise, it does not. 
Typically, the program using region Windows Will set bRedraW to TRUE if the Window is visible. 
Return Values 
If the function succeeds, the return value is nonzero. 
If the function fails, the return value is Zero. 
Remarks 
If the bRedraW parameter is TRUE, the system sends the 
WMiWINDOWPOSCHANGING and WMiWINDOWPOSCHANGED messages to the Window. 

[0052] The speech recognition engine 118 is responsible 
for analyZing digitiZed audio input to identify signi?cant 
Words or phrases selected by the animation server. The 
animation server de?nes these Words or phrases by de?ning 
a grammar of acceptable phrases. The client speci?es this 
grammar by specifying sequences of Words that it Wants the 
system to detect in a teXt string format. The server also 
supports a command language that includes boolean opera 
tors and alloWs alternative Words. This command language 
enables the client to specify a Word or phrase along With a 
number of possible alternative or option Words to look for in 
the speech input. The syntax of the command language is 
described in more detail beloW. 

[0053] The speech recognition used in this implementa 
tion is a SAPI compliant speech recognition engine made by 
Microsoft Corporation. A suitable alternative speech recog 
nition engine is available from Lernout and Hauspie of 
Belgium. 
[0054] The operating system in this implementation is the 
WindoWs 95 operating system from Microsoft Corporation. 
The application programming interface for the operating 
system includes tWo functions used to create and control 
region WindoWs. These functions are: 

[0055] 1) SetWindoWRgn; and 

[0056] 2) GetWindoWRgn 

[0057] SetWindoWRgn 
[0058] The SetWindoWRgn function sets the WindoW 
region of a rectangular host WindoW. The WindoW region is 
an arbitrary shaped region on the display screen de?ned by 

[0060] The coordinates of a WindoW’s WindoW region are 
relative to the upper-left corner of the WindoW, not the client 
area of the WindoW. After a successful call to SetWindoW 
Rgn, the operating system oWns the region speci?ed by the 
region handle hRgn. The operating system does not make a 
copy of the region. Thus, the program using region WindoWs 
should not make any further function calls With this region 
handle. In particular, it should not close this region handle. 
A description of an implementation of SetWindoWRgn fol 
loWs beloW: 

[0061] GetWindoWRgn 
[0062] The GetWindoWRgn function obtains a copy of the 
WindoW region of a WindoW. The WindoW region of a 
WindoW is set by calling the SetWindoWRgn function. 

int GetWindoWRgn( 
HWND hWnd,// handle to Window Whose Window region is to be 
obtained 
HRGN hRgn // handle to region that receives a copy of the Window 

region 
); 
Parameters 
hWnd 
Handle to the Window Whose Window region is to be obtained. 
hrgn 
Handle to a region. This region receives a copy of the Window region. 
Return Values 
The return value speci?es the type of the region that the function 
obtains. It can be one of the following values: 
Value Meaning 
NULLREGION The region is empty. 
SIMPLEREGION The region is a single rectangle. 
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-continued 

COMPLEXREGION The region is more than one rectangle. 
ERROR An error occurred; the region is unaffected. 
Comments 
The coordinates of a WindoW’s WindoW region are relative to the 
upper-left corner of the WindoW, not the client area of the WindoW. 

[0063] The region WindoW controller shoWn in FIG. 3 
corresponds to the software in the operating system that 
supports the creation of region Windows and the handling of 
messages that correspond to region Windows. 

[0064] In this implementation, the speech recognition 
engine and the speech synthesis engine communicate With 
an audio input and output device such as a sound card 
according to the SAPI speci?cation from Microsoft. In 
compliance With SAPI, these engines interact With an audio 
device through software representations of the audio device 
referred to as multimedia audio objects, audio sources 
(Which provide input to the speech recognition engine) and 
audio destinations (Which mediate output from the speech 
synthesis engine). The structure and operation of this soft 
Ware representation are described in detail in the SAPI 
speci?cation available from Microsoft. 

[0065] In the next tWo sections, We describe tWo alterna 
tive implementations of the animation system shoWn in 
FIG. 3. Both implementations generate arbitrary shaped 
animation and can compute the arbitrary shaped region 
occupied by non-transparent pixels of a frame in real time. 
HoWever, the manner in Which each system computes and 
stores this region data varies. Speci?cally, since it is not 
computationally ef?cient to re-compute the region data for 
every frame, these systems use varying methods for caching 
region data. The advantages of each approach are summa 
rized folloWing the description of the second implementa 
tion. 

[0066] First Implementation of the Animation System 

[0067] FIG. 4 is How diagram illustrating hoW the ani 
mation server plays an animation. First, the animation data 
?le is opened via the computer’s operating system as shoWn 
in step 150. The animation data ?le includes an animation 
header block and a series of bitmaps that make up each of 
the frames in the animation. Once the operating system has 
opened the ?le, the loader module 108 reads the animation 
header block to get all of data needed to play an animation 
and passes it to the sequencer as shoWn in step 152. 

[0068] FIG. 5 illustrates an example of the animation ?le 
structure. The animation header lists the number of frames 
(160) and includes a block of data for each frame (see items 
162-166 in FIG. 5 for example). The frame data 170 consists 
of a frame type (image, branch or sound) 172, frame position 
(x, y coordinates) 174, duration (in 60ths or a second) 176, 
a unique ID 178, and an offset 180 into the animation data 
?le Where the compressed bitmaps 182 for the frame reside. 
Animation branch frames alloW developers to specify alter 
nate pathWays through the animation sequence other than 
the default sequential ?oW. Sound frames alloW developers 
to specify digitized sound data to be played at a speci?c time 
in the animation sequence. 

[0069] Back at FIG. 4, the process for playing animation 
continues at step 190, Where the sequencer initializes the 
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current frame number. Once the loader has successfully 
loaded the animation header block, the sequencer can start 
playing the animation. It initializes the current frame num 
ber to zero and looks at the type ?eld of the current block of 
frame data to determine the type for the current frame. 

[0070] The next step 192 is to get the frame data for the 
current frame as shoWn in step 192. When necessary, the 
loader loads the data for the current frame from the anima 
tion ?le as speci?ed in the frame data block. The sequencer 
then constructs the frame from the data retrieved for the 
current frame as shoWn in step 194. 

[0071] FIG. 6 is a How diagram illustrating the method 
used to retrieve image data for the current frame. If the frame 
type is an image, the sequencer ?rst looks in a data cache of 
frame bitmaps for an entry equal to the next frame’s ID as 
shoWn in steps 200 and 202. The image data cache is a 
section of the computer’s main memory Where a ?xed 
number of decompressed frame bitmaps reside in a most 
recently-used queue (MRU). Data caching uncompressed 
frame bitmaps signi?cantly improves overall performance 
of the animation system. 

[0072] If the sequencer ?nds the frame ID in the data 
cache, it returns With the constructed frame that is already in 
the cache as shoWn in the How diagram. If there is no entry 
in the data cache for the current frame, the sequencer passes 
a request on to the loader to load the required bitmaps for the 
speci?ed frame. Each animation frame can be made up of 
multiple layered bitmaps. The loader uses the data offset for 
the frame from the animation header block to read all of the 
compressed bitmaps that make up the frame from the 
animation data ?le into the computer’s memory (see step 
204, FIG. 6). 
[0073] Once in memory, the loader decompresses the 
individual bitmaps and combines them into a single decom 
pressed bitmap as shoWn in steps 206 and 208. The loader 
constructs a composite bitmap by performing bit block 
transfers from the decompressed bitmaps to an off-screen 
buffer, Which holds a composite bitmap. This composite 
bitmap is ?rst saved in the data cache and then passed back 
to the sequencer Where it can be used in generating the 
current frame. If the sequencer had initially found an entry 
in the data cache for the speci?ed frame ID, it could have 
retrieved the composited, decompressed bitmap for the 
frame from the data cache. This step eliminates the need to 
decompress and composite the animation frame When it has 
already been done recently. 
[0074] Once the sequencer has generated the appropriate 
decompressed bitmap for the current frame, it can pass 
control to the regionizer, Which computes a bounding region 
for the frame if the bounding region is not already available. 
The bounding region de?nes the non-transparent portion of 
the constructed frame. For a solid object like the genie in 
FIG. 2, the bounding region is the boundary of the genie. 
Some objects can have transparent regions inside of them, in 
Which case the bounding region de?nes the non-transparent 
portion and also describes any transparent portion Within an 
object as Well. A constructed frame of animation can have a 
number of disparate pieces Which are not necessarily con 
tiguous. The step of computing the bounding region (210, in 
FIG. 4) can be computed in real time, Which means that the 
bounding region does not need to be pre-computed. Instead, 
the regionizer can compute the bounding region as it con 
structs and displays each frame. 
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[0075] In this implementation, the regioniZer takes one of 
three actions: 1) looks in a region data cache to see if the 
region data is already present; 2) on faster computers, 
generates the bounding region in real time; and 3) on sloWer 
computers, loads and uses a pre-computed bounding region. 
FIG. 7 is a How diagram illustrating the process for obtain 
ing the bounding region. 

[0076] The ?rst choice for the regioniZer is to attempt to 
retrieve the necessary region data from a region data cache 
in main memory of the computer as shoWn in step 220 of 
FIG. 7. This cache Works similarly to the image cache in that 
it is a most recently used queue (in other Words, it is a 
last-used-?rst-out queue). If the necessary data is found in 
the data cache it is retrieved (see steps 222, 224). 

[0077] If it is not in the queue, tWo alternate pathWays are 
possible. FIG. 7 illustrates the steps performed on a fast 
computer Where the regioniZer computes the bounding 
region in real time. The animation server is able to determine 
Whether to compute the bounding region in real time by 
checking the computer’s registry 

[0078] If the computer executing the animation server is 
deemed fast enough, the regioniZer Will compute the bound 
ing region of the decompressed bitmap frame in real-time. In 
this implementation, the regioniZer computes the bounding 
region as shoWn in FIG. 7 and described beloW. First in step 
labeled 226, the regioniZer determines Which color (the color 
key) the bitmap is using to identify its transparent portions. 
The ?rst pixel in the frame’s bitmap (i.e. the pixel at location 
(0, 0) in rectangular coordinate space of the bitmap Where (0, 
0 is the upper left hand corner) is deemed special in that it 
de?nes the transparent color of the frame. The pixel value of 
this transparent color is sometimes referred to as the color 
key. Using this color key, the regioniZer scans the bitmap 
one line at a time looking for contiguous runs of non 
transparent color as shoWn in step 228. When it ?nds a run 
of non-transparent pixels, it combines the bounding rect 
angle of the run With rectangles from previous runs 230. 
These rectangles alWays have a height of one, ie they are 
a single scan line of the bitmap, and have a Width less than 
or equal to the total Width of the bitmap. The operating 
system is responsible for combining the rectangles into 
non-rectangular regions in an optimiZed Way. This process 
continues for every line in the bitmap until the entire bitmap 
has been completely scanned (as re?ected generally by the 
loop back to step 228 from decision block 232). Upon 
completion, a single region is available that describes the 
bounding region of the animation frame. 

[0079] On computer systems that are too sloW to perform 
this type of processing in the time required by the animation 
server, the region data can be pre-processed during the 
animation development. The same process described above 
is used to generate the region data for each bitmap frame in 
the animation. The region data is then compressed and 
stored to a separate data ?le along With the animation data 
?le. On sloW systems, instead of generating the region data 
When it is needed, the data is simply read from a data ?le and 
decompressed. This method is far less CPU intensive than 
generating the region data in real-time Which is important in 
loW end PC systems. The disadvantage of this technique is 
that the region data for an animation can be quite large When 
stored to a data ?le, cannot be scaled (Which is discussed 
further beloW), and is far less ?exible in that it must be 
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computed at the same time the animation is built. When the 
system is enhanced to support real-time rendered anima 
tions, this technique does not Work because the bounding 
region needs to be generated in real time after the image has 
been modi?ed, i.e. scaled, rotated, translated etc. 

[0080] After the regioniZer has retrieved the bounding 
region, either by generating it in real-time or by loading and 
decompressing it from a data ?le, it saves it in the region 
data cache for future use. 

[0081] We noW return again to the diagram in FIG. 4. At 
this point, the animation server has all of the components in 
memory that are necessary to display the next frame of the 
animation. The ?rst step is to position the region WindoW at 
the appropriate location as speci?ed by the frame’s X, y 
coordinate in the frame data block (see step 240 in FIG. 4). 
Calls to the operating system, such as SetWindoWPos in the 
WindoWs Operating System, make this step possible. 

[0082] The next step 242 is to set the animation frame 
WindoW’s region to the region generated by the regioniZer. 
The operating system is responsible for sending the appro 
priate paint messages to any WindoW that intersects With the 
previous region of the animation frame WindoW so that this 
area can be redraWn. In response to receiving these mes 
sages, the application oWning the WindoW is responsible for 
repainting itself in the portion of its WindoW altered by the 
animation. 

[0083] One Way to re-draW the portion of the desktop that 
is modi?ed by the animation as it moves from frame to 
frame is to compute a bounding rectangle that encloses the 
animation in tWo consecutive frames and to re-compute the 
portion of the user interface that falls Within this bounding 
rectangle. This bounding rectangle captures the animation in 
its current and previous frame. In other Words, it includes the 
screen area once occupied by the animation in the previous 
frame as Well as the screen area occupied by the animation 
in the current frame. The operating system instructs appli 
cations Within this rectangle to redraW themselves. The 
portion of the desktop user interface Within this rectangle is 
copied to an off-screen buffer. The animation server then 
instructs the operating system to draW the current frame of 
animation, clipped by its bounding region, to this off-screen 
buffer. Finally, the operating system performs a bit block 
transfer of this portion to the frame buffer to display the 
current frame of animation along With the re-draWn portion 
of the WindoWs desktop user interface, Which is the back 
ground of the animation. 

[0084] As shoWn in step 244 of FIG. 4, the animation 
server draWs the decompressed, composited bitmap gener 
ated by the sequencer to the animation frame’s region 
WindoW. The operating system clips this bitmap to the 
bounding region of the WindoW (Which exactly matches the 
non-transparent pixels of the composited bitmap). The 
sequencer then sets an operating system timer to go off after 
an amount of time equal to the duration speci?ed in the 
frame data (see step 246). 

[0085] When the timer goes off, the entire process is 
repeated for the next frame in the animation. This is illus 
trated in FIG. 4 by the timer-up message 248. 

[0086] The animation server employs a similar technique 
to animate a portion of an animated character representing 
the character’s mouth. The animation server loads, decom 
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presses, and caches bitmaps representing the character’s 
mouth. To create the illusion of speech, the animation server 
draWs a bitmap representing the mouth on top of the 
constructed frame representing the character at the (X, y) 
coordinates Where the character’s mouth is located. 

[0087] In this implementation, the servers maintains bit 
maps representing the character’s mouth in a variety of 
different positions in a mouth animation ?le. There are a 
number of different bitmaps, each representing the position 
of the mouth for a corresponding phoneme. To enhance 
realism, the server can maintain different sets of mouth data 
?les and select the appropriate one based on the position of 
the character. Each set of mouth data ?les can map a set of 
phonemes to bitmaps representing the mouth position for a 
phoneme. 

[0088] To lip-synch the mouth animation With the speech 
output, the server instructs the speech synthesis engine to 
notify it before it generates speech output for a phoneme. 
Just before the speech synthesis engine is about to output a 
phoneme, it passes a message to the mouth animation 
module identifying the phoneme. The mouth animation 
module loads the animation and draWs at the (X,y) location 
on top of the current frame of animation. 

[0089] If the region data is being generated in real-time, 
animations can be scaled and played back at a siZe different 
from the siZe that the animation Was originally developed at. 
The entire process as described above is essentially the 
same. The main difference is that the sequencer can scale the 
composited, decompressed bitmap returned by the loader 
using the speci?ed scaling factor. The regioniZer Works on 
decompressed bitmaps stored in memory and needs no 
knoWledge of the siZe of the original source of the bitmap or 
any scaling factor. The operating system can be used to 
perform scaling of bitmaps in an ef?cient manner. Once the 
bitmap is scaled it can be passed to the regioniZer and the 
system Works as described above. AlloWing scaling of 
animations in real-time is important because it alloWs end 
users to have greater control over the look and feel of the 
system. 

[0090] Another signi?cant feature of this implementation 
is the Way in Which the animation’s moving, non-rectangular 
WindoW receives cursor device input from the user. Since the 
animation server repetitively updates the bounding region of 
the animation for each frame, the active area of the anima 
tion alWays corresponds to the non-transparent portion of the 
current frame. Thus, the operating system only noti?es the 
server of cursor input (e. g. right and left mouse clicks) When 
the cursor is positioned Within the non-transparent portion of 
the current frame. This form of interactive behavior 
enhances the effect of the animation operating outside the 
focus of any rectangular WindoWs currently displayed on the 
WindoWs desktop user interface. 

[0091] Second Implementation of the Animation System 

[0092] The second implementation of the animation sys 
tem is similar to the ?rst animation system in that it 
generates arbitrary shaped animation and can also generate 
a bounding region for a frame of animation in real time. 
From the stand-point of the user, this implementation gen 
erates arbitrary-shaped animation With similar behavior as 
the ?rst implementation. Namely, it produces arbitrary 
shaped animation and plays a sequence of animation in the 
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foreground of the user interface such that the animation is 
not limited to a WindoW of a host application or to a WindoW 
of an application that requests playback of the animation. 
HoWever, it has some differences: 1) the system does not 
load individual bitmaps and then construct each frame from 
separate bitmaps, but instead, loads constructed frames; 2) it 
does not cache region data in a MRU cache in main memory 
as above, but instead, caches all regions in secondary storage 
(e.g., on a computer’s hard disk) as they are generated; and 
3) it has the additional capability to pre-compute region data 
on a loW priority thread. 

[0093] BeloW We describe these and other implementation 
details. We describe this system using the eXample of an 
animated “character,” an animation that has life-like ges 
tures. One eXample of this type of character is the genie 
shoWn in FIG. 2. Although it is described using the speci?c 
eXample of an animated character, this animation system can 
be applied to other forms of arbitrary shaped animation as 
Well. 

[0094] The system ?rst gets a request to open a character 
?le. The ?le contains character, animation and audio data 
and is a structured storage ?le (see “Inside OLE” by Kraig 
Brockschmidt for a description) Which contains all of the 
data necessary to play region WindoW animations. At this 
time, the calling module can register itself to receive event 
noti?cations that describe the current state of the animation 
system at various times. Once the ?le is successfully opened, 
the character data stream is read into memory and the 
character is initialiZed. The data included in the character 
data stream includes the character’s color table, an indeX 
into the color table that de?nes the transparent color (or 
color key), siZe information (i.e. Width and height of the 
character frame), audio de?nition data, animation version 
information and any other data necessary for initialiZation of 
the character. A WindoW is then created of the appropriate 
siZe but is not made visible until explicitly done so by the 
calling module (such as a client program to the animation 
server). A logical palette is created from color table infor 
mation retrieved from the character data stream. The char 
acter is noW initialiZed and is ready for animation requests. 

[0095] Each animation is stored in a separate data stream 
in the structured storage ?le. When an animation is 
requested to be played, the system ?nds the appropriate data 
stream and begins loading it into memory. Animation data 
consists of a sequence of animation frame data. Frame data 
consists of all of the data necessary to render an animation 
frame to the display device. This consists of the actual image 
bits for the frame, as Well as a duration, coordinate offsets, 
frame branching logic, and lip-synched mouth image data 
(described further beloW). If the image bits are in a com 
pressed format they are decompressed. Note that in this 
implementation, the frame is already constructed in the 
sense that it does not have to be assembled by combining 
more than one bitmap. As demonstrated in the ?rst imple 
mentation, it is possible to construct frames in real time as 
opposed to using pre-constructed frames. 

[0096] After the animation data has been successfully 
loaded and decompressed, the animation can be played. The 
animation is played by ?rst rendering the uncompressed 
frame image data for the neXt frame to an offscreen video 
memory buffer. The animation system then creates a WindoW 
region from the buffer that de?nes all areas of the image that 
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are non-transparent. The algorithm for creating the region is 
as follows: 

ImageRegion = empty 
for each scan line in the image 

for each run of non-transparent pixels in the scan line 
create a rectangular region of height one 
combine the region with ImageRegion 

end loop 

[0097] It is important to note that the above method also 
works for images that contain either “holes” or more than 
one disjoint region. A “hole” is a transparent region com 
pletely surrounded by a non-transparent region. A disjoint 
region is any non-transparent region completely surrounded 
by either transparent pixels or the boundaries of the image. 
“Holes” can contain any number of disjoint regions within 
themselves. The image region is de?ned to be the list of 
non-transparent regions. The image region is analogous to 
the “bounding region” described in the ?rst implementation 
and the terms can be used interchangeably. In both cases, the 
region de?nes the location of non-rectangular, non-transpar 
ent image portions whether or not they comprise a contigu 
ous group of pixels or disjoint groups of contiguous pixels. 

[0098] Once the image region is generated, the operating 
system is called to assign the region to the window. The 
operating system is responsible for clipping all input and 
output to the region associated with a window. After the 
region has been set, the image data can be copied from the 
offscreen memory buffer to the display device, using the 
operating system’s bit block transfer, where it will be 
clipped to the bounding region assigned to the window. The 
Windows Operating System, for example, has an application 
programming interfaces (APIs) that support bit block trans 
fers to offscreen buffers. Input and output are clipped to the 
list of (possibly) disjoint regions that make up the image 
region. 

[0099] After the frame image is rendered to the display 
device, an operating system timer is set to go off in the 
amount of time speci?ed by the frame’s duration. When the 
timer goes off, the animation system must determine the next 
frame to render. If the frame contains no branching logic, the 
system determines if it is the last frame in the animation and 
noti?es the calling module of the completion (if the module 
registered itself to receive event noti?cations). If it is not the 
last frame, the next frame is either the next frame in 
sequential order, or the frame speci?ed in the branching 
logic for the current frame. 

[0100] Branching logic is de?ned by specifying a frame 
number to branch to and a percentage of time that the branch 
should be taken. Multiple branches can be de?ned as long as 
the total percentage does not exceed 100%. The ?rst branch 
is given a branch probability between 1 and it’s percentage. 
Subsequent branches are given a probability between the 
maximum probability of the previous branch plus one to that 
value plus their percentage. To determine which branch to 
take, the animation system generates a random number 
between 1 and 100 and starts searching sequentially through 
the frame branches until it ?nds a branch whose maximum 
probability is less than or equal to the random number. If no 
branch can be found, the next sequential frame is selected. 
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[0101] Once the next frame number is known, the system 
can repeat the process of rendering, region generation, and 
displaying of the frame image data. The repetition of this 
process is an animation. 

[0102] The generation of the region data for an animation 
frame in real-time is “expensive” in terms of CPU cycles. 
Thus a system of region caching has been implemented. It 
would be bene?cial if the region data could be processed at 
character development time and saved along with the char 
acter animation data. This is possible but has serious limi 
tations. If the region data is pre-processed, the character can 
not be scaled at run-time. The character data ?le also has to 
store all of the region data for every frame in every anima 
tion. The data can be quite large. This is not a problem when 
the entire character data ?le resides on the local machine 
running the animation system. However, the animation 
supports incremental downloading of animation data over 
low bandwidth communication lines such as the Internet. 
Downloading the region data for a character would be 
extremely slow. Thus a hybrid approach to region generation 
is used in this alternative implementation. The approach 
minimiZes the download time associated with a character 
data ?le and minimiZes the CPU cycles needed to generate 
regions in real-time. 

[0103] When a region for an animation frame needs to be 
rendered, the system will ?rst look in a local storage cache 
of regions for a match. In contrast to the ?xed siZed MRU 
cache in the ?rst implementation, this cache is located in 
secondary storage, i.e. the hard disk. If the region is found 
it can be loaded from disk very fast and assigned to window 
as described above. If the region is not found, it is generated 
in real-time and used as described above. However, after the 
region is used it is saved to the region cache on disk. The 
next time the region is required it can simply be read from 
the cache instead of being generated in real-time. Thus, the 
system gets the bene?t of the pre-computed region without 
it having to have been downloaded over a possibly low 
bandwidth communications link. This gives the system the 
appearance of improved performance over time, i.e. the 
more frames that are displayed (which results in region 
generation and thus caching), the better the performance. 

[0104] The system can also pre-generate regions on a low 
priority background thread when the animation system is 
idle. When the character is loaded, the region generation 
thread is started in a suspended mode. Whenever the system 
is idle, it resumes the thread (in low priority) which starts 
generating regions for any animation frame that does not 
already have an entry in the cache. The thread runs at a very 
low priority so that it does not unnecessarily steal CPU 
cycles from other applications currently running. The thread 
is suspended when the animation system becomes active. 
Over time, every animation frame in the character data ?le 
will have a pre-computed region in the cache. Once this is 
accomplished the region generation thread can be termi 
nated. 

[0105] On low-end systems that are simply not capable of 
ever generating regions in real-time, the computation of 
regions must be done before the system can be used. This 
can be done at character installation time when the user 
commonly expects a delay. 

[0106] Regions are directly linked to frame images at a 
given scale. The default scale of an animation frame is 
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100%, i.e. the frame should be displayed at its actual size. 
The animation system supports scaling of animations. This 
has the advantage that animations can be played at a siZe that 
is relative to the resolution of the display being used. This is 
necessary to overcome the problem that an animation cre 
ated at a certain siZe looks bigger or smaller depending on 
both the resolution and physical siZe of the display device. 

[0107] Caching region does improve performance by 
reducing the need to re-compute region data. HoWever, if the 
user or a client application Wishes to scale an animation 
(enlarge or reduce its screen siZe), cached region data cannot 
be used because it is the Wrong siZe. Therefore, When the 
scale of an animation changes, all pre-computed regions are 
deemed unusable and must be recomputed. Thus, the entire 
region cache must be ?ushed and regenerated. The region 
generation thread must be restarted or reset (if it is still 
running). This process is quite expensive but is acceptable 
because scaling is something that users Will typically do 
infrequently. 
[0108] The animation system supports the incremental 
doWnloading of animations from a remote site. This is 
extremely bene?cial for running the system over loW band 
Width communication links. When a character is loaded 
from a remote site, only the character data stream is initially 
doWnloaded. The character data stream contains all of the 
data necessary to initialiZe the character. If a character data 
stream already exists on the local machine, the doWnloaded 
data is compared to the local data to determine if any 
animations currently stored locally have been superseded by 
a neWer version on the remote site. If so, those animations 
are marked so that if a request for the animation is made the 
system knoWs that it must retrieve the neWer version from 
the remote site. No animation data is doWnloaded. The 
character data stream is typically very small so the system 
can be initialiZed quite quickly. When a request for an 
animation is made, the system looks in the character data ?le 
on the local storage device. If the animation is found, it is 
loaded and played as described above. If the animation is not 
found it is doWnloaded from the remote site. Once the 
doWnload is complete, the animation can be played as 
described above. 

[0109] It is desirable for calling modules (e.g., clients) to 
have control over When animations get doWnloaded. For 
instance, the calling module may Want to doWnload several 
animations that are played in sequence. If none of the 
animations reside locally, the system Would doWnload the 
?rst animation, play the animation, doWnload the next 
animation, play it, etc. This is obviously not the desired 
effect. Thus, the animation system alloWs callers to doWn 
load sets of animation. When a calling module requests an 
animation to be doWnloaded, the system ?rst checks to see 
Whether or not the animations reside locally. If it does, the 
system simply returns. If it does not the system begins the 
process of doWnloading the animations from the remote site. 
It can do this in a asynchronous fashion. The system also 
supports a noti?cation API so that calling modules can 
doWnload animations asynchronously and then be noti?ed 
When they have been doWnloaded. Thus in the example 
above the calling module could do the folloWing: 

[0110] Request=Get “Animation 1”, Get “Animation 
2”, Get “Animation 3” 

[0111] On Request Complete 
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[0112] Play “Animation 1” 

[0113] Play “Animation 2” 

[0114] Play “Animation 3” 

[0115] This results in a request for the three animations to 
be doWnloaded at the same time. The “Request Complete” 
event indicates that all of the animations reside locally can 
be played one after another Without any delays. Animations 
do not have to be explicitly doWnloaded. If an animation is 
requested that is not stored locally, the system adds an 
implicit doWnload call. The above scheme also Works for 
audio data ?les that may be associated With an animation. 

[0116] Asynchronous doWnload calls are alWays tempo 
rarily interrupted by synchronous calls. Thus, if the calling 
module asynchronously doWnloads an animation and a 
synchronous animation request is generated as a result of 
end user interaction, the synchronous requests gets priority. 
This folloWs the notion that the end user really is in control 
of setting the priority for animation doWnloads. 

[0117] As demonstrated by the alternative implementa 
tions described here, there are a number of different Ways to 
implement the animation system, and therefore, it is not 
limited to these speci?c implementations. The cache for 
region data in the ?rst implementation is a better design in 
cases Where the same animations are used repeatedly in a 
short period of time because the MRU cache is more fully 
utiliZed, and it is quicker to read region data from main 
memory rather than retrieve it from secondary storage. 
HoWever, it is often more likely that clients Will make 
requests for different animations, rather than make repeated 
requests to play a small number of animations over and over. 
In these cases, the second implementation has better perfor 
mance because all region data is cached in secondary storage 
as it is computed, rather than being limited to a ?xed siZe 
MRU cache. Since region data is computed in real time 
along With an animation request and is also pre-computed 
before a request using a background thread, the second 
implementation Will approach a cache hit rate of 100% over 
time. Depending on the desired performance and the nature 
of the animation requests, an animation system can be 
implemented using different combinations of the features 
described above to optimiZe performance. 

[0118] It is important to point out that there are other 
possible implementations of an animation system. For 
example, one can abstract the general method described in 
the previous sections With a client/server architecture. In this 
abstract form, the processes used to draW animations on the 
screen are divided into tWo separate classes of operation. 
The ?le I/ O, the cache, and all other data used for generating 
the character animations are accessed through an OLE COM 
server called an “animation data provider.” The regioniZer 
and the sequencer reside in a client. (This client can, in turn, 
provide services to other programs on the computer.) This 
abstract representation alloWs the animation system to use 
bitmaps that are represented in arbitrary formats on second 
ary storage. It also alloWs the animation system to provide 
smooth transitions from one posture to another for arbitrary 
animated characters. This frees the system from any ?xed 
character ?le format, as Well as reducing the dependence of 
the animation system on the WindoWs operating system. 

[0119] In one implementation of this client/server archi 
tecture, the animation system calls into the animation data 
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provider through certain COM interfaces. Signi?cantly, this 
implementation of the client/server architecture does not 
depend on any particular ?le format. It only depends upon 
the animation data provider’s ability to construct bitmap 
representations of the current frame of the animation of the 
character, and to pass those on to the server at a relatively 
high speed. These COM interfaces alloW the animation 
system to obtain information about the character in general, 
as Well as information about the speci?c poses of the 
character. Thus, they provide access to all of the character’s 
properties, including its name, its siZe, the number of bit 
planes in each animation bitmap, as Well as to the animation 
bitmaps themselves. In addition, these COM interfaces 
alloW the animation system to pass provider-de?ned state 
information to different animation data providers. This state 
information can be encoded in a form that only those data 
providers understand, providing a degree of protection for 
the content of the character. Finally, these COM interfaces 
are optimiZed to reduce the costs of accessing this data. This 
optimiZation is necessary in order to handle the case of an 
application client With a dedicated animation data provider. 
It has tWo parts. First, animation data providers can support 
standard OLE COM interfaces through Which their persis 
tent state can be captured so that each instance of an 
animation data provider can be reconstituted inside the 
server process. In addition, the COM interfaces used spe 
ci?cally to provide animation data are optimiZed to store and 
pass that data in a format particularly Well-suited to transfer 
across process boundaries. 

[0120] Animation Server COM Object Implementation 

[0121] The animation services described above are imple 
mented as a Component Object Model (COM) based OLE 
Automation Servers. For a detailed discussion of OLE see 

Inside OLE, Second Edition by Kraig Brockschmidt, 
Microsoft Press, Redmond, Washington 1995. The COM 
server implements a set of animation services that can be 
used by an unlimited number of clients, Which are typically 
application programs. These clients can connect to the server 
using either a C/C++ COM Application Programming Inter 
face (API) or via a Microsoft ActiveX Control interface. The 
ActiveX control alloWs access to all of the functionality of 
the COM server While providing an interface that is easy to 
use and abstracts the COM server’s interface to a higher 
level. 

[0122] COM Object OvervieW 

[0123] In object oriented programming terminology, an 
“object” is an instance of a programmer-de?ned type 
referred to as a class, Which exhibits the characteristics of 
data encapsulation, polymorphism and inheritance. Aclass is 
the de?nition of a data structure and the functions that 
manipulate that structure (member functions). 

[0124] Data encapsulation refers to the combining of data 
(also referred to as properties of an object) With methods that 
operate on the data (also referred to as member functions of 
an object) into a unitary softWare component (i.e., the 
object), such that the object hides its internal composition, 
structure and operation and exposes its functionality to client 
programs that utiliZe the object only through one or more 
interfaces. Programs that Wish to use an object do not access 
the object’s data directly, but must instead call functions on 
the object’s interfaces to operate on the data. An interface is 
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explained further beloW, but in general, is a group of related 
functions that a program can invoke to access an object’s 
data. 

[0125] Polymorphism refers to the ability to vieW (i.e., 
interact With) tWo similar objects through a common inter 
face, thereby eliminating the need to differentiate betWeen 
tWo objects. Inheritance refers to the derivation of different 
classes of objects from a base class, Where the derived 
classes inherit the properties and characteristics of the base 
class (Which for purposes of OLE are the interfaces of the 
base class). 
[0126] OLE’s COM speci?cation de?nes binary standards 
for objects and their interfaces Which facilitate the integra 
tion of softWare components. FIG. 8 is a diagram illustrating 
an example of a COM server 300 and its relationship With 
an instance of object data 302. According to the COM 
speci?cation, an instance of an object is represented in the 
computer system 20 (FIG. 1) by an instance data structure 
304 and a virtual function table 306. The instance data 
structure 304 contains a pointer 308 to the virtual function 
table 306 and data 302 (also referred to as data members, or 
properties of the object). Apointer is a data value that holds 
the address of an item in memory. The virtual function table 
306 contains entries 310-314 for member functions 316-320 
implemented in the server. Each of the entries 310-314 
contains a reference to the code 316-320 that implements the 
corresponding member function. 

[0127] An interface to an object is a group of semantically 
related functions that are publicly accessible to softWare that 
Wishes to use the object (e.g., a client program). The 
interface is implemented in the computer memory as a block 
of the memory containing an array of function pointers, 
illustrated as the function table 306 in FIG. 8. The inter 
face’s de?nition are the names for each function in the 
virtual function table. An object may support more than one 
interface. If an object has more than one interface, the object 
has a function table and corresponding set of related func 
tions for each interface. 

[0128] Client programs interact With the object by obtain 
ing a pointer (referred to as an interface pointer) 322 to the 
pointer 308 of the virtual function table 306. OLE includes 
a type de?nition of an interface pointer Which alloWs client 
programs to call member functions on the interface by name 
through the interface pointer and provides type checking on 
the function’s arguments, as expressed in the folloWing code 
(in the C++ programming language): 

[0129] pInterface->MemberFunction( . . . ) 

[0130] By convention, the interfaces of an object are 
illustrated graphically as a plug-in jack. Also, Interfaces 
conventionally are given names beginning With a capital “I.” 
Objects can include multiple interfaces Which are imple 
mented With one or more virtual function tables. The mem 
ber function of an interface is denoted as “IinterfaceName 
zzFunctionName.” 

[0131] FIG. 9 is a conceptual diagram illustrating the 
relationship betWeen a COM object 340 and a user 342 of 
the object (such as a client program). The user of the object 
has a pointer 344 to the one of the object’s interfaces, Which 
is represented by a plug-in jack 346. The object includes 
code 348 implementing the member functions in the obj ect’s 
interface, and it also includes the encapsulated data 350, 




































