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DESCRI PTI ON ANI MATI ON CONTROL APPARATUS 5 The present invention
relates to the generation of ani mated sequences by ani mation suites
assenbling those images fromlibraries of prestored conponents. In
particul ar, t Bfo d tion relates to a method and apparatus pef pSfsuses NY
real -time interactrve control of sequences of ani mated graphical 1 nages in
an ani mted display, and to a nethod and appar at us for the control 10 and
nonitoring of generated sequences of body part notions. For the displayed
case, the animation may conprise a sinple two- dinmensional cartoon with a
largely static BgsEgiPFish ocver Which characters are noved, wth the
character appearance over successive franmes being called up 15 froma
library of stored character poses. Wiere the character executes a

repetitive action, for exa”plﬁNmW&ﬁ]ﬁﬁLt ARATES the suite may
or

store the successive poses require e wal' kKing actron as a sequence to
be | eoped, with associated updating of the character screen position. In a

nore conpl ex ani mati.gn, whether dj spl ayed just delLled in. .20 ternms of
rel ated coronent no gnt 1pyen 'QUHPQ s'Pﬁhﬁg&??ﬁ‘énﬁtaa"w?‘éégquemes
di mensi onal nodgy apimafich stitesTHssemblify! AGse0 imagasTiiond disaried06f Préstvrede!
t he basi c body goart shaé)es ang qova\ne_nt se ueralges ther&‘%f are prestored
mponents. In particular, the invention relates to a method and apparatus for
enabling real-time interactive control of sequences of animated graphical
images in an animated display, and to a method and apparatus for the control

10 and monitoring of generated sequences of body part motions.

For the displayed case, the animation may comprise a simple two-
dimensional cartoon with a largely static background over which characters are
moved, with the character appearance over successive frames being called up

16 from a library of stored character poses. Where the character executes a
repetitive action, for example walking across the screen, the suite may store
the successive poses required for the walking action as a sequence to be
looped, with associated updating of the character screen position.

In a more complex animation, whether displayed or just modelled in

20 terms of related component movements, the subject (image) may be a three-
dimensional madel of, for example, a human or animal body. Again however,
the basic body part shapes and movement sequences thereof are prestored
and may be called up as required. An example of such an animation suite is
"Life Forms", a compositional tool for the creation of dance choreography,

25 developed by the Simon Fraser University, B.C. Canada and marketed in
various forms through Kinetic Effects Incorporated. Note that "Life Forms" is

’ a trade mark of Kinetic Effects Inc of Seattle, USA, and all uses of the term
herein acknowledge the fact. The development of "Life Forms" is described in
a paper entitied "The Evolution of an Interface for Choreographers" by T.W.

30 Calvert and others from SFU, presented at InterChi ‘93, 24-29 April 1993.

In order to improve the realism of animatioris and simulations, it has
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typically support befavi.our Ian ch behaV| urs are either sinple
o);;gr ati o%s Eglrof or medRHig-ased pre 8 )(#ggg\@yplcally support behavioLr languages in

which behaviours are elther simple operations performed on a value, or rules,

where a rule defines logical and temporal relations between events (behaviour

state changes). Accordingly, events associated with the condition portion of

a rule (also known as the left hand side behaviours of a rule) cause subsequent

10 events associated with the response portion (right hand side behaviour) of the

rule. An example of such a rule-based real time language is Real Time ABLE

(RTA), described in Proceedings of the European Simulation Multiconference

1991 at pages 226-231. ABLE stands for Agent Behaviour LanguagE and is

a highly concurrent production rule language for simulating agents and multiple

15 agent systems. ABLE provides for fighter integration of time with the

production rule system. The language may conveniently be compiled into a

representation of a virtual asynchronous logic circuit which comprises a number

of interconnected elements such as AND elements, OR elements, delay

- elements and so on. RTA uses a propagation techniqué as opposed to a

20 search strategy to obtain a fast production rule system. A further example of

a rule-based language is given in "The Behaviour Language; User’s Guide" by

R A Brooks, Al Memo 1227, Massachusetts Institute of Technology Artificial
Intelligence Laboratory, April 1990.

A problem which arises with the use of propagating rule-based systems

25 is that of coordinating the event driven switching of rules and constraints with

the more synchronous nature of the selection/rendering/display sequence of the

animation generation.

It is therefore an object of the present invention to enable control of an
30 animation or simulation suite by a rule-based processor system, whilst
minimising discontinuities due to the differing timing systems.
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10 sequence of image component movements; and a propagating rule-based
processor connected to the interface means and containing a set of rules each
defining a response to a given condition with the processor generating a

. response when the associated condition is satisfied; wherein the processor is
coupled to receive 'da_ta relating to one or more features of a generated image

15 frame, said data satisfying the condition portion of at least one rule, and
wherein the calling of each of the interface function specifications is the
response portion of a respective rule.

In order to avoid synchronisation problems, timing management means
are preferably provided to initiate generation of each successive image frame

20 by the animation suite following initiation and completion of a predetermined
period of rule firing propagation in the rule-based processor. For real time.
operation of the animation suite, the timing management means may suitably
be arranged to initiate generation of successive image frames at a substantially
constant frequency such as 30 frames per second.

25 In accordance with a second aspect of the present invention there is
provided apparatus for controlling a computer-generated simulation suite, the
suite comprising stored libraries of body components and component relative
motion parameters and means for generating motion sequences for one or
more of the body components in which the components are moved in

30 accordance with one or more of the motion parameters, the apparatus
comprising: interface means connectable to the sequence generating means
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processor generating a response when the associated condition is satisfied;
wherein the processor is coupled to receive data relating to one or more
features of a body component during a motion sequence, which data satisfies
the condition portion of at least one rule, and wherein the calling of each of the
10 interface function specifications is the response portion of a respective rule.

Suitably, the data to the processor is received via the interface means
and specifies one or more predetermined conjunctions of image or body
component features, and the propagating rule-based processor is suitably of
a type comprising means for modelling an asynchronous logic circuit as a

15 plurality of circuit elements the functions of which are governed by the set of
rules (for example a processor supporting an RTA rule-set).

The apparatus according to either aspect of the invention preferably
includes user interface means, connected to the rule-based processor, by use
of which a user may selectively modify the set of rules, or may selectively calil

20 one or more of the interface function specifications, the processor holding a
subset of the rules each having a respective one of the interface function
specifications as their respective response portion and each having a different
predetermined user input as their respective condition portion.

Also in accordance with the first and second aspects of the present

25 invention there are provided methods for controlling an animation suite and a
simulation suite respectively, as defined in the attached claims to which
reference should now be made.

Further features and advantages of the present invention will become v
20 apparent from reading of the following description of preferred embodiments of
the present invention, given by way of example only, and with reference to the
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processor generating a response when the associated condition is satisfied,
the processor being further coupled to receive data relating to one or nore
features of a 1 5 generated image frame, with said data satisfying the
condition portion of at |east one rule, and the calling of each of the

interface f“nﬁUﬁ}ﬂ apeci fications conprising the response pq{élingﬂmgéma
respective rule; \AZ1erei n the apparatus further conprises user Interface

means, connected to the rul e-based processor, by use of which a user may
selectively call one or nore of the 20 interface function specifications,
t he processor holding a subset of the rules each having a respective one of

the interface fé&ﬁ%‘??ﬁ%'rﬁgﬁié%ipgs% MRends their respective response portion

and each having a etermned user input as their respective
condi.tion portion. [Figuedeis a blackaschematic idiagramaofi @ nulprbsised meocassor and
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or. For real tine ration of the animation suite, the
timing man geﬁﬁﬁ%éﬂ?pﬂﬁﬁa?%?‘f%ﬁﬁ%gikpéf%id to initiate generation of
successive inmage fr Fpredisd W&hﬂmilhéﬂréﬁhglﬁﬁihgmna‘qe&wmmmﬁbﬁarﬁﬁs 30
frames per 30 %:econd In accordance with a second aspect of the present

i nvention the_ré"fi ég‘ﬂPof\}i ded apparatus for controlling a conputer-generated
sinul ation suite, tFguidi4lieaseRrhafic Rpresentation of the components of a simulation

suite arrangement according to an alternative embodiment of the invention; and
10 Figure 5 is a table listing commands of a function set heid by the
interface unit of Figure 1.

Figure 1 shows apparatus embodying the present invention providing an

interfacing link between a rule-based processor containing a population of RTA

15 rules and an animation suite modeliing a human form and its movements.

Through the interfacing link, the processor is enabled to control a basic set of
features associated with a single or multi-character animation.

The rule-based processor 10 has associated with it a random access

memory (RAM) 12 which provides a number of discrete storage areas, a first

20 of which 14 holds a table containing details of the various elements of the

asynchronous logic circuit representation of the compiled population of RTA

rules. Each of the behaviours (register elements), time annotations (delay

elements) logic function elements and rules has a row in the table. Each row

in the table identifies the element number, a state flag of the device, a queued

25 status flag of the device, the intemal status, and a propagate function start

address. When the state of the element to which the row of the table relates

g changes (referred to herein as an event), a propagate function is executed to

effect any appropriate changes to all of the elements which may be affected by

such a change. These propagate functions are conveniently arranged at

30 certain memory locations or start addresses. Changing the state of elements

by propagation in such a manner rather than by searching for all of the



stored libraries of body conponents and conponent rel ative notion

-paraneters and neans for generating notion sequences for one or nore of the
body conponents in whi ch the conmponents are noved in accordance with one
or nore of the notion paraneters, the apparatus conprising: interface neans

-connectabl e t guence generating nmeans and including s mﬁmwns
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and applied to the image generating neans,_.initiates one or a predeterm ned

sequence. of body conmponent novenents; and g propagating rul e-based
processor connected to the interface neans and containing a set of rules
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behaviour defining the associated response. The program store 22 and the

propagate functions 16 could, if desired, be stored in another memory device,

for example a read only memory.

10 The RAM 12 is connected to the processor 10 by a data bus 24 and an
address bus 26 in known manner. Also in known manner, a clock (CLK) 28 is
connected to the processor. The processor 10 operates on the agent rules
from program store 22 responding to the satisfaction of condition behaviours
by generating one or more further behaviours defining the associated response.

15 A user interface device (UID) 30 enables input of control data and commands
as will be described.

The storage area 18 for future agent element state changes is arranged
as a two row table containing a plurality of time slots and element numbers.
Any number of elements numbers can be stored to correspond to a particular

20 time slot and the states of these elements will ali be changed during that time
slot. The table may be arranged for a consecutive sequence of time slots, but
it is preferred to use a stack containing only those time siots for which element
numbers are stored, with the facility to insert element numbers and time slots
as required due to operation of the program.

25 Generally, all of an agent's element state changes except those
corresponding to delay elements will be executed in the current time slot
although other element state changes can be also delayed if desired. Those
element state changes which are to occur without a time delay may be placed
in the event stack 20 for execution in the near future - i.e. later in the current

30 time slot, but before moving to the next time slot for which an event is
specified.
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52 which may be, for example, a CD-ROM store. In an alternative embodiment
(to be described), the animation suite may also have a user interface and clock
source: in the embodiment shown, however, these functions are handled via an
interface unit 42 linking the suite to the rule-based processor.
10 In operation, the animation suite generates images by initially selecting
a skeleton (wire frame model) from a library of skeletons held in component
store 36 and determining its initial position and orientation within the virtual
world. Where the skeleton is of an articulated nature, for example when
modelling the human body, the determination may be a staged process starting
15 with the angles of the various joints to produce .an initial pose and then
positioning and orienting the posed skeleton within the virtual world. The final
stage is to "flesh out" the skeleton which may be done by conventional
rendering techniques or by fitting of surfaces from the component store 36.
In order to provide for control of the suite by the rule-based processor
20 10, the interface unit 42 maintains a function set in a memory 44 accessed by
a local processor 46, which processor is connected via respective data buses
48,50 to the rule-based processor 10 and the graphics engine 34. The
interface unit processor 46 links each of the functions to the control set of the
graphics engine 34, such that each specifies a particular operation or sequence
26 of operations to be performed by the suite when called. Where a sequence is
specified, it may apply to a whole "body" or to components thereof; in the
’ human body example, this would allow one sequence to specify a walking
motion for the legs with another specifying a swinging movement of the arms,
which sequences may be run independently of each other.
30 The control set functions also provide 'handles’ for the rule-based
processor, enabling the implementation of a function to be specified as the



5 acconpanying drawings in which: Figure 1 is a block schematic di agram of
.a rul e-based processor and aninmation suite |linked by an interface unit
enbodyi ng the present invention; Figure 2 is a schematic representation of
user interface options in 5 relation to apparatus such as that of Figure
1; Figure 3 iihfbﬁﬁ chart illustrating timng management igpria6edgggar at us
of Figure 1; Frgure IS a schematic representation of the conponents of a
simul ation suite arrangenent accordi ng toa?n alternative enbodi nent of the
i nvention; and 10 Figure 5 is a table listing commands of a function
set held by the interface unit of Figure 1. Figure 1 shows apparatus
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separately modelled characters.

The UID may take various forms depending on the form and level of
interaction required and, rather than reading directly into the rule-based
processor as shown in Figure 1, it may be connected to the graphics engine of

10 the animation suite or interfaced directly to the RTA program store. Figure 2
schematically represents the link between an RTA rule set 60, the virtual world
62 in which the animation is generated, and the hardware 64 handling the
generation of images. The user input may be to each one of the three stages
(indicated by UL1, U2, and UI.3) or combinations thereof depending on the
15 application.

input UL.1 to the RTA rule set would enable control of the animated
character in terms of how it reacts to constraints imposed by the virtual world.
input UL.2 fo the virtual world would enable control and alteration of the feature
with which the animated character interacts on the basis of the RTA rule set.

20 input UL3 to the hardwére would allow variation in the appearance of the
animated character by control of the operation of rendering the images.

The physical construction of the UID would also depend on the form of
interaction and control, and may range from a mouse or joystick, through
keypads or keyboards, to a sensor array allowing modelling of physical objects

25 in the virtual world.

The timing control of the RTA and animation program is as shown by the
flow chart of Figure 3. Initially, the RTA time slot is incrementsd (100) such
that rule firings due to condition changes since the last time slot (as well as
those queued for that particular time slot) can begin to propagate through the

30 rule set. Next, at 102, the image frame based on the called-up functions from
the previous propagation time slot is calculated, rendered, and displayed.
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rowin the table identifies the el ement nunber, a state flag of the device,

a queued 25 t flag of the device, the internal statu
i Ay T

propagate fun art address. Wien the state of the elene i ch
the row of the table rel ates changes (refg}red to herein as an event), a
propagate function is executed to effect y appropriate changes to all of
the el ements which nmay be affected by such a change. These propagate

LVaet S oo SRAPRERL olird 64 il BBl ) e e
manner rather temigretycommants oy data arel logged Her handimgodudngidie next RTA
DT 20,9008 SRR 5! 35k 6o wBIE( 10554 o PE0BRFARRLind o
addresses are shern ¢at 108)dt sehds adirame kitivance bign&Atd iy animmtiBANUites 0The
DO D S SR oS ot b5 o HEsS o T B . e
set of rul es fQrogdpatieAslot. €each in the form
For real-time running of an animation, the frame advance signal is
preferably of a substantially constant frequency (such as 30 frames/sec). By
controlling the frame advance in dependence on the RTA propagation,
10 however, slower frame updates may be accommodated where particularly
complex rule constraints or image details exist. Alternatively, for applications
where RTA propagation time plus generation and rendering time will always be
less than one frame period, the frame advance signal may be generated as a
periodic signal by a clock within the animation suite, with the steps of initiating
15 an RTA propagation slot and checking for user input being synchronised to this.
in an alternative embodiment, the system may be concerned specifically
with the inter-relationships between the moving body components and the full
rendition of the graphical images may not be required. In this case, the
generalised system arrangement may be as shown in Figure 4, with an RTA
20 rule popuiation 120, body component animation engine 130 and simulation
suite connected together, and with the simulation suite further being coupled
to a model! of the virtual world 150. As shown in dashed outline, a graphics
engine 160 might be provided to display the output from the simulation suite.
The contents of the function set will to some extent be dependent on the
25 form of animation. The table of Figure 5§ gives a non-exhaustive list of
preferred commands for a function set where the animation sulite is generating
’ a sequence of frames modslliing the movement of a three-dimensional body
within a three-dimensional virtual world. The implementation of these
commands is as follows:
30 - Create: This creates a new figure based on an identified one of a stored
library of skeletons {(wire frame models). The response to this command



of at |east one specific behaviour defining a condition and at |east one
further behaviour defining the associ ated response. The program store 22
and the propagate functions 16 could, if desired, be stored in another
menory device, for exanple a read only nmenory. 10 The RAM 12 is

connected to the cessor 10 by a data bus 24 and an addres iﬁ&
known nmanner. g‘@m known manner, a clock (CLK) 28 is conng“?ﬁ% oﬁhe
processor. The processor 10 operates on t fq agent rules from program store

22 responding to the satisfaction of conditM on behavi ours by generating one
or nore further behaviours defining the associ ated response. 15 A user
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operation of the program 25 CGeperally,” all of an agent's ‘el enent
stat e changes eRetweenithgfigure pose and position at the mterrupt and that at the start of the
new sequence. A time warp factor (see beiow) may also be specified.
- Set Loop Mode: This indicates whether a current sequence for & given figure
10 is to be looped {for example a walking action) or whether it is jﬁst to be played
through once.
- Set Warp Factor: This specifies an extended or reduced period over which
the current sequence is to be piayed out. If it has the capability, this may be
handled by the graphics engine interpolating intermediate frames based on
15 specified ones. Alternatively, the warp may be handled in RTA by either
changing the time annotations of individual rules or by speeding up the entire
rule population, that is to say by increasing the frequency at which the
successive RTA time periods are called.
- Advance Time: This advances the position of the current sequence by n
20 frames.
- Display: This calls the graphics engine to render a frame for the current .
figure position within the sequence. '
- Bounds: This calculates a boundary box in three-dimensions around the
figure in its position at the current frame of the sequence.
26 - Get Position: This calculates the current position of the figure within the
virtual world; this is particularly useful where the character has been following
a lengthy sequence.
- Get Orientation: This calculates the current orientation of the figure within the
virtual world (i.e. which way the figure is facing).
30 - Get Pose: This calculates the current pose of the figure, that is to say the
position and orientation of the various body components in relation to one



corresponding to delay elenments will be executed in the current tinme slot
al though ot her el enent state changes can be al so delayed if desired. Those
el enent state changes which are to occur without a tinme delay nay be placed
in the event stack 20 for execution in the near future i.e. later in the
current 30 tine slot, but before noving to the next time slot for which an
event is specV@%08748 W 97/ 07483 PCT/IB56/00508

PCT/ 1 B96/ 00808 7 The aninmation suite, indicated generally at 32, conprises
a graphics engine, a conponent store 36, did a di splay driver 36 which
outputs a signal for display on nonitor/CRT 40. The conponent store 36
provi des short term nmenory for current frame or sequence generation and

hol ds t he releﬁﬂﬁhqhnge 5 conponent and novenent paraneter information

Ical I ed :Jp from-rwslboﬁtic?hacrhiﬁilomi pdsgimmgb‘g,tgé figurewithih the girliiat Wold.st or e.
n an alternativg eghodi nent (to he describe the animation_suite nay
al so have a usérgﬁtnagﬁmagﬁn-arﬁ“%ﬁ S5RINg °% ﬂ‘etﬁﬂ"‘r@rﬂ;o% SRe RERHON
however, these s iHePRgual Wolthndl ed via an interface unit 42 linking the

suite to the rul e-based gr 0ocessor. .
3 As will be appreciated, many more functions may be specified depending

on the particular application. For example, functions would generally be
required for initialisation of the system and data {oading, and may also be
required for diagnostic functions.

From reading the present disclosure, other modifications and variations

10 will be apparent to persons skilled in the art. Such modifications and variations
may involve other features which are already known in the art and which may
be used instead of or in addition to features already described herein. For
example, whilst shown in Figure 1 as two separate devices, it will be
recognised that the rule-based processor 10 and interface processor 46 may

15 be a single device, although preferably with multi-tasking capability.
Additionally, although Figure 1 shows local mass storage 52 for image
component details and a local store 22 for the rule population, it will be
understood that either or both may be supplied from remote storage over, for
example, a data network with the animation suite and/or rule-based processor

20 being provided with a suitable interface to that network.

Although claims have been formulated in this application to particular
combinations of features, it should be undérstood that the scope of the
disclosure of the present application also includes any novel feature or
combination of features disclosed herein either explicitly or implicitly, whether

25 or not relating to the same invention as presently claimed in any claim and
whether or not it mitigates any or all of the same technical problems as does

. the presently claimed invention. The applicants hereby give notice that new
claims may be formulated to such features and/or combinations of such
features during prosecution of the present application or of any further

30 application derived therefrom.



In operation, the animation suite ge [ I ni §J selecting a
skeleton (wire frane nodel) froma | nmamamﬁumm“l]s heTHIS 8y

store 36 and determining its initial pbsi%idn and%ortentation wi A '
virtual world. Were the skeleton is of an articul ated nat+s I

when nodel lin human body, the determ nation may be a st SsS
starting 15 gﬂigﬁ"gﬁe angles of the various joints to produ ’Qﬁahﬁﬁ I al
pose and then positioning and orienting the posed skeleton within the
virtual world. The final stage is to "fles® out" the skel eton which may be
done by conventional rendering techniques or by fitting of surfaces from

t he conponent 6. In order to provide for control of the suite by the

rul e-based processor 20 10, the interface unit 42 maintains a function
set in a nmenory 44 accessed by a |local processor 46, which processor is

ond the gr aphi o ondne ApReRIE i banaiido B rmibdig AR ahE Sife, o
the functions tthetditecotrhpasing Stored libharies obimage comporeritd . aril 66mpbAénteach
specifies a particul ar rg‘ﬁeratlon or sequence 25 ﬁgf operatjons to be

e
performed By t HBOUQN Pargpeters andJpeang, dorcaenarating: 9“?'%9§p%fcim49§j,ffamesrray

apply to a wholgyrg "icﬁbnéarﬁmeﬂﬁauﬁag@eéﬁaénedtaaﬁénp%m&eﬂdﬁnce
exanple, this woul d all ow one sequence to specify a wal king notion for the

l egs wit h anot HWith epeer mora$f she moatign mgrametgrse e appantusAamprising: ch
sequences may be r UlinjeRdeg SHEERS | cbnRbetaBie Mt the image generating means and
including storage means holding a library of function specifications each of
10 which, when called and applied to the image generating means, initiates one

or a predetermined sequence of image component movements; and

a propagating rule-based processor connected to the interface means
and containing a set of rules each defining a response to a given condition with
the processor generating a response when the associated condition is satisfied;

[a)
T

15 wherein the processor is coupled to receive data relating to one or more
features of a generated image frame, said data satisfying the condition portion
of at least one rule, and wherein the calling of each of the interface function
specifications is the response portion of a respective rule.

20 2. Apparatus as claimed in Claim 1, wherein said data is received
via the interface means and specifies one or more predetermined conjunctions
of image frame features.

3. Apparatus for controlling a computer-generated simulation suite,

25 the suite comprising stored libraries of body components and component

relative motion parameters and means for generating motion sequences for one

or more of the body components in which the components are moved in

accordance with one or more of the motion parameters, the apparatus
comprising: '

30 interface means connectable to the sequence generating means and

including storage means holding a library of function specifications each of

This Sheet Has Been RTlaced




specified as the . WD 97/07483
PCT/ 1 B96/ 00808 8 response portion of a ruI e, such that the

rel ati onshi p g _F user input and real-tinme playback of a ol S
sequence. S’&\Q@ % constraint functions of the rul e-base syst em

rel atlonshl ps can al so be specified betvveegoact lrons of an ani mat ed
character and features of the virtual rid in which it is nodelled and
al so between the actions of two or nore separately nodell ed characters. The

UD my take v r : fonl I on
requi red and, W’{'ﬁﬁr ﬁ%aéngilre gagl na 'fjﬁ% gtt 'ﬁ%ﬁ?&rﬁa%'ﬂée}gtrﬂtﬁe }ef@ggg'elg h%?enosz:@s‘ésor as
shown i n Fi gur er & predetesminied sequepce ebbedy companeapmayements; madof 10 ¢ he
animation suite or in
schematically repr ege‘hﬁé;ﬁg'gl Pﬁ%ﬁ%&%%réﬁe&%?@ﬁ#@%@%g@ Wﬁ%ﬁ uaI
world 62 in vvhianu cohtairiing eeset ofrules exchalefining a respbndeetoﬁhagmbmcmdiﬁbmwl i ng
tSP ggggner ation the prlocegsor'ge;ereatllfltaearresp&\uste wr};ae% tRe assooc?a?ecd cgr?cﬁtlon is satlsf‘tegr ee
wherein the processor is coupled to receive data relating to one or mare
features of a body component during a motion sequence, which data satisfies

the condition portion of at least one rule, and wherein the calling of each of the

30 : The control set functions -a|gag ' les' for the
rul e-based processor, enabling the i ﬂmmﬂu E | ' fu b€
] S *
e@EPd-é\C

interface function specifications is the response portion of a respective rule.
10
4, Apparatus as claimed in Claim 3, wherein said data is received
via the interface means and specifies one or more predetermined conjunctions
of body component features.

15 5. Apparatus as claimed in Claim 1 or Claim 3, wherein said
propagating rule-based processor comprises means for modelling an
asynchronous logic circuit as a plurality of circuit elements the functions of
which are governed by said set of rules.

20 6. Apparatus as claimed in Claim 1 or Claim 3, further comprising
user interface means, connected to the rule-based processor, by use of which
a user may selectively modify the set of rules.

7. Apparatus as claimed in Claim 1 or Claim 3, further comprising

25 user interface means, connected to the rule-based processor, by use of which

a user may selectively call one or more of the interface function specifications,

. the processor holding a subsst of the rules each having a respective one of the
interface function specifications as their respective response portion and each

having a different predetermined user input as their respective condition

30 portion.
This Shel:et IIIiilﬂcleleInl]I{eﬂliced




(indicated by U.1, U .2, and U. ereof dependi ng on
the 15  application. Input u.1 to ﬂﬂ“ﬂﬂlﬂﬂﬂlﬂﬂlﬂtﬂlﬂo _d_en_a.b.Le_mn.t_LaJ-a
of the animated character in terms of hov it r&acts t bMHIS SHEETSHASBEEN
by the virtual world. Input U.2 to the virtual world vvo;ld erﬁgﬂLACE@ntrol
and alteratio O’[’f?ﬁ feature with which the ani mated ch TS
on the basis Arule set. 20 nput U .3 to the haric’iflare \/vo“l'qjl
allow variation in the appearance of the i mated character by control of
the operation of rendering the inages. The physical construction of the UD
woul d al so depend on the formof interaction and control, and may range
froma nouse or joygick fﬁwg sk glaRAGE iR bga t ray
al I owi ng nodel | i ng o%tf phy PQ obj se?tés 25 ] C‘éﬁ'ﬁe‘i’v:'fmeé &M@Pﬁﬁ%%mﬁpl m ng
control of the Iranagementneans amarpgedgtnammatg genemtionrofieach isuccessivedmage of

fi7ings due t o T b offer ihatBn, 3uith [qlouiel I ank{ Soriiehn oo hoce
queued for t hatprpdeterminedrpedriodeof suletfiringpropetion tiv the nie-based pivcesgdr. t he 30

rule set. Next, at 102, the inmage frane based on the called-up functions
fromthe privious propagation tine slot is calculated, rendered, and

di spl ayed. 9.  Apparatus as claimed in Claim 8, wherein the timing management

means is arranged to initiate generation of successive image frames at a
substantially constant frequency.

10 10. A method of controlling a computer-generated animation suite, the
suite comprising stored libraries of image components and component motion
parameters and means for generating sequences of image frames through
which one or more of the image components are moved in accordance with one
or more of the motion parameters, the méthod comprising:

15 providing a library of function specifications each of which, when called
and applied to the image generating means, initiates one or a predetermined
sequence of image component movements; and '

providing a propagating rule-based processor containing a set of rules
each defining a response to a given condition with the processor generating a
20 response when the associated condition is satisfied;
wherein data relating to .one or more predetermined image frame
features comprises the condition portion of at least one rule, and wherein the
calling of each of the library of function: specnfcatnons is the response portion
of a respective rule.

25

11. A method as claimed in Claim 10, wherein said data is received
from the animation suite and specifies one or more predetermined conjunctions
of image frame features.

30 12. . A method as claimed in Claim 11, wherein the or one of the
predetermined conjunctions specifies a proximity or range of proximity values
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WD 97/ 07483 Hﬂﬂﬂ
this has occurred, the user interface is checked (1045‘%%‘ )lmlf

entered conmmands or data are | ogged for handling during the mext'
propagati on sl ot. The timer then waits (at 106) until a predeterm ned tinme
and then (at sends a frame advance signal to the ani ' {te.
The 5 tim név@é%-[ 7 then | oops back to the first process g?*llmr?la’?‘l’%g%i ng
t he next RTA propagat|on slot For real-ti runni ng of an ani mation, the
frame advance signal is preferably of a substantially constant frequency
(such as 30 frames/sec). By controlling the frane advance in dependence on

the RTA propagapifiee "4%9 @wer franme updates may be acconmpdat ed
where particul a?%y cgﬂ ex rule (Pons raints or image details exist.

Al ternatively, for applications where RTA propagation tine plus generation
e anen el o) e A AN Dol R et B A
ani mation sui t esumi tomphising istoved (ibraries tof bbdyugomponem z-ﬁil/cmpmmgate'lativesl ot
and checki n ser bei ron| se to t I8 a;o}ernréatlve
embodi nent , t he g?e‘?ﬁrﬁ&?{% 8?’98¥ mc?aT“P stﬂ”?rf‘%s one or
i nter-rel ati onshigee thmdyhmmpoﬁem hndyhnchnmneahpomrﬂstm moved in
rendition of t hec&rgg h(':ecvﬁlth one or more ch the mo oen ;raae umerteerg the metnoé cgr%gﬁémé he
providing a library of function specifications each of which, when called
and applied to the sequence generating means, initiates one or a
10 predetermined sequence of body component movements; and
providing a propagating rule-based processor containing a set of rules
each defining a response to a given condition with the brocessor generating a
response when the associated condition is satisfied;
wherein data relating to one or more body component features during a
15 motion sequence satisfies the condition portion of at least one rule, and
wherein the calling of each of the library of function specifications is the
response portion of a respective rule.

14. A method as claimed in Claim 13, wherein said data is received
20 from the simulation suite and specifies one or more predetermined conjunctions
of body component features.

15. A method as claimed in Claim 13, wherein a further library of

function specifications is provided, each being the response portion of a

25 respective rule, and the calling of each causes the simulation suite to output
information relating to one or more body component features.

16. A method as claimed in Claim 15, wherein the simulation suite

models motion of one or more body components within a three-dimensional

30 virtual world and the information output in response to the calling of one of the
further library of function specifications specifies an instantaneous position of



general i sed system arrangement nmay be as shown in Fi mllu“mmﬂm“lTA 20
-rul e popul ation 120, body conponent ani mati on engi neﬁlﬂm

suite connected together, and with the sinulation guite tur't hér Bei fig
coupled to a nodel of the virtual world 150. As shown in dashed outline, a
"graphi cs engl‘»@ 1 ght be provided to display the output

si mul ation sul e contents of the function set will to sone extent be
dependent on the 25 formof aninmation. The table of Figure 5 gives a

non- exhaustive list of preferred commands Tor a function set where the
animation suite is generating a sequence of franmes nodelling the novenent

of a three-di of e dFAAY, Bidy" cBmPohdHtS it et lwotid t ual wor!l d. The

i npl ementation o these conman I'S”as - Create: This creates
a new figure based on an identified one of a stored library of skeletons

bCT! | 8961 00808, 10 shbul P SIS B e i, G BT whordlf i shidEion, sype
figure. - Del etmodelcinotion df lonei siermbrd body bompbnents within a three-dimensional
5 virtual world and the information output in response to the calling of one of the
further library of function specifications specifies an instantaneous orientation

of the, or one of the, body components within the virtual world.

18. A method as claimed in Claim 15, wherein the simulation suite

10 models motion of two or more body components within a three-dimensional -

virtual world and the information output in response to the calling of one of the

further library of function specifications specifies an instantaneous relative
orientation of said at least two body components.

18



- Set Sequence: This specifies a myvenent - 'sequence for a given figure, with
.the sequence to commence n franes;fromihe:gurrent frame. If no offset is 5
specified, any currently active $equence'i's replaced by the new sequence,

al though an "interrupt” period is preferably provided to enable .
“interpolation between the figure pose and position at the iginp nd
that at the I8P tne new sequence. Atinme warp factor (see ge ox? may
al so be specified. - Set Loop Mde: Tht 4ndi cates whether a current
sequence for a given figure 10 is to ooped (for exanple a wal ki ng
action) or whether it is just to be played through once. - Set Warp Factor:
This specifies an ext red { 0d over \pa-eh urrent
sequence is to be pl he capabi may be handl ed
by the graphics engi @t er pol atin F medi at e d on 15
specified ones. Altennative
changing the tine t &I on
enti«e rule populgfi .t i
the successive RTA tine|p

the position of the currjept sed

e

n éO - D éplay: This calls
the graphics engine to rlepder & or the curregp figure position
within the sequence. d1l '
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- Bounds: This cal cul ates a boundary box in three-dinensions around the
.figure in its position at the current frane of the sequence. 25 - Cet
Position: This cal cul ates the current position of the figure within the
virtual world; this is particularly useful where the .character has been
‘follow ng a hepeidugsseduence. - Get Orientation: This cal cupetmdsbizes
current orientation of the figure within the virtual world (i.e. which way
the figure is facing). 30 - Cet Pose; ajs cal cul ates the current pose of
the figure, that is to say the positio;bg d orientation of the various body
conponents in relation to one WO 97/ 07483
PCT/ | B96/ 00808 11 a . et Position: Thi
figure within the v rtual morln. - Set C}|ent=t|on
of the figure aﬁoa*apeckxéed p '

As will be appreciafe

the particul ar appl}cation.

uz.i

posi tioning of the
This aI orienting
d. 5

|ed dependi ng on
general ly be

Foj exanpl e, func pons mnul

L

NEXT RTA SLOT
| oo Iwace 102
JT READ U.LD

i

WAIT FOR NEXT +—106

SEND FRADV 108
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required for initialisation of the systemand data | oading, and nmay al so be
required for diagnostic functions. Fromreading the present disclosure,

ot her nodifications and variations 10 w | be apparent to persons skilled
in the art. Such nodifications and variations may involve other features
which are al nggdypgewn. in the art and which nmay be used i ngcagbsbsos’ | N
addition to features already described herein. For exanple, whilst shown in
Figure 1 as two separate devices, it wJdl,,be recogni sed that the rul e-based
processor 10 and interface processor 4 15 be a single device,

al t hough preferably with nulti-tasking capability. Additionally, although
Figure 1 shows | ocal nmass storage 52 for inage conponent details and a

| ocal store 22 for the rule population, it will be understood that either
or bgoth may be supplied fromrenote storage over, for exanple, a data
network with the aninmation suite and/or rul e-based processor 20 bei ng
provided with a suitable interface to that network. Al though clains have
beentforrmulated in this application to particular conbinati ons of features,
it should be understood that the scope of the disclosure of the present
application also includes any novel feature or conbination of features

di scl osed herein either explicitly or inplicitly, whether 25 or not
relating to the sane invention as presently clainmed in any clai mand

whet her or not it mtigates any BB technical problens as

does
lVL it |

[ MOVING
RTA C___DH SIMUAE [0 ANIWATE |
. | . | /orPay !
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the presently clainmed invention. The applicants hereby give notice that new
.clainms may be fornulated to such features and/or conbinations of such
features during prosecution of the present application or of any further 30
"application derived therefrom REPLACEMENT SHEET CLAI M5 1. Appar at us
‘for controlling a conmputer-generated ani mation suite, the sy I sin
stored |ibrar §WHF&?Eage cgnponents and conponent 5 nDtionégpgﬂgﬁérs agd
means for generating sequences of inage frames through which one or nore of
t he i mage conponents are noved in accomﬁ£4ce with one or nore of the notion
paraneters, the apparatus conprising: irterface means connectable to the
| mge generati \——:—fw*;'”—W;'“;**W—';*rﬁ“; =TT e TS oo rery=o f
function speci | Commamb _cach of IWariablesh, vhen calllFuhasiod appl i ed i the
ST T LT alcp one O o Pl edet e e seyuanee—oryi mage

I mage generati TTEars, acep O
conponent rmve§l<¢|ﬁﬂ ul e- based p

] Qpah SKERtOT ul oL nr&eeteso newhfigureeq t o
the interface | ar and cont ail ni Bicd set of rules BTl hnl ng_a regponse
to a¢given confiPEI%R with tgure eletes the given }

figure

Set Sequence Figure, Sequencs, Sets the sequence for ]
Offset (n), (Warp) a gin figure )

et Loop Mode Figure, Loop Specifies whether the }
; current sequence J

Advances the 1
position of the J

current sequence

Draws the figure for ‘
the current sequence
position

Calculates the
.bounding box for the

current sequence

|

Get Position Figure Calculates the current

position of the figure |

L B in world space l
Get Orientation Figure Calculates the current

; : orientation of the
figure in world space

|
!
|
| |
!,_,ﬁ,yﬁ - pose of the figure J

—
Get Pose Figure Calculates the current |
Set Position Figure, Position Sets the current

!
position of the figure \
in world space {

e

) Set Orientation Figure, Orientation Sets the current
i orientation of the

\ | e in world space
FIG.S




the processor generating a response whqREP

sati sfied, 15 the processor being furthgr DACEMSLIF g%UEMENeTaSHEQ

CUOUUPT™C

to one or nore features of a generated{i fageaf W fh{said data
o955 el By

satisfying t
each of the

portion of a respective rule; wherein §h& apparatus further corffiOB4tb4user

he condition portion of at lﬁ

interface function specifig¢a risipgfthe response

4103414 ~4

ET

apd the calling of

interface means, 20 connected to the _ or, by use of which
a user may sel ectinvagoprdanrce withea dirst raspectosf theepriesentrifvantion divare i provided

speci ficati Oﬁ'ﬁparéttﬁ fot’ %%ﬁ%gw{rg;uweg@néﬂé@%qiﬁgﬁcﬁmgui{el,J W f’ﬁ%f?o Dgh g a

respective one of the interface function Speci
response por stped ligraties atimage ¢omponrents éricecommponpniodetionr parareetersssmd megmistforas
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1, wherein s
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20

storage means holding a library of function specifications each of which, when called
and applied to the image generating means, initiates one or a predetermined sequence
of image component movements; and

a propagating rule-based processor connected to the interface means and
containing a set of rules each defining a response to a given condition with the
processor generating a response when the associated condition is satisfied, the
processor being further coupled to receive data relating to one or more features of a
generated image frame, with séid data satisfying the condition 'bortion of at least one
rule, and the calling of each of the interface function specifications comprising the
response portion of a respective rule;

- wherein the apparatus further comprises user interface means, connected to the

rule-based processor, by use of which a user may selectively call one or more of the
interface function specifications, the processor holding a subset of the rules each having

~ a respective one of the interface function specifications as their respective response

25

30

portion and each having a different predetermined user input as their respective
condition portion.

In order to avoid synchronisation problems, timing management means are
preferably provided tq initiate generation of each successive image frame by the
animation suite following initiation and completion of a predetermined period of rule firing
propagation in the rule-based processor. For real time operation of the animation suite,
the timing management means may suitably be arranged to initiate generation of
successive image frames at a substantially constant frequency such as 30 frames per
second. '

In accordance with a second aspect of the present invention there is provided
apparatus for controlling a computer-generated simulation suite, the suite. comprising
stored libraries of body cbmponents and component relative mbtion parameters and
means for generating motion sequences for one or more of the body components in

'P%rbsﬂ'@ct Ive



'13 or rore of the body coﬁponents SHERTneREPACEVENTRSHEET

‘actordance with one or nore of the dr 4, the apparat us

conprising: interface means connecf edqudnce generating neans
.and 5 inc¢luding storage nmeans hol i df {functi on specifications
each of which, when called and appji edtio-the—Fage |[generati ng_neans, :
initiates one or a predeterm ned s quené% of body cdnponent nn%@ﬁ%ﬁ?ﬁ; and
a propagating.rul e-based processor ~eommettEd 1O L ne i nterface neans and
cont ai ni ng her copaRents e Mevedninnaccardancs Wik ong, o rierecef then@ptionon

with 10 theaRInRESSRE apSarRtus EoMshisthgr €Sponse when the associ ated condition
is satisfied, the processor being further coupled to receive data relating
to one or nore fd4efacedneans copprplableifythaSrauense;gafemting Mesns fBe drGHding wi t h
sai d data sajdrade/ adind Hﬁldﬁe!&qlb'i'ér?%f Retclior? SpdificafionisCgith of Whidh ihen daflegM th
the calling of each of the interface function specifications conprising the
r esponsedporend @epligd ta thesimage ggaeratingmeanse initigkesranerprianeredetpamingd sequeneher

conprises u | c ected to the rul e-based processor, by
R ol hecRCf R A

use of which a S call one or nore of the interface
functi on specifi Gaprapagatinghrilegrased yocesbari dinmgeted to the interface means and

containing a set of rules each defining a response to a given condition with the
processor generating a response. when the associated condition is satisfied, the
10 processor being further coupled to receive data relating to one or more features of a .
body component during a motion sequence, with said data satisfying the condition
portion of at least one rule, and with the calling of eé_ch of the interface function ~
specifications comprising the response portion of a respective rule;
wherein the apparatus further comprises user inerface means, connected to the

15 rule-based processor, by use of which a user may selectively call one or more of the
interface function specifications, the processor holding a subset of the rules each having
a respective one of the interface function specifications as their respective response

portion and each having a different predetermined user input as their respective
condition portion.

20 Suitably, the data to the processor is received via the interface means and
specifies one or more predetermined conjunctions of image or body component
features, and the propagating rule-based processor is suitably of a type comprising
means for modelling an asynchronous logic circuit as a plurality of circuit elements the
functions of which are governed by the set of rules (for example a processor supporting

25 an RTA rule-set).

The apparatus according to either aspect of the invention preferably includes
user interface means, connected to the fule-based processor, by use of which a user
may selectively modify the set of rules. __

30 Further features and advantages of the present invention will become apparent
from reading of the following description of preferred embodiments of the present
invention, given by way of example only, and with reference to the
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"subset-~of the rules each having a respectji ve one of thRE{REA(&'éMENI@HIEET
‘20" specifications as their respective response portion and each having a
di fferent predeterm ned user input m : BﬁﬁEI e condition portion.
.4, Apparatus as clained in d ai m{3,—aR ta is received via the

interface means and specifies one dr rm&gg_pfedet-er I ped conj un AOI’IS of 25
body conponent features. 5.  ApparfatjusU%4FeB 8%%ed|i h C aL_m_’L_g_&éﬁmir_ f
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an asynchro%d‘d@ﬁ’f%gi c circuit as alplurality of crrclit e “ﬂIH Huu J”
functions of which 30 are governed-by-said set of rjles. QN N '

claimed in daiml or Aaim3, further conprising 14 user interface
means, connected t.o t Hppanatas fas edntooliing ss comphtergeaerzHtedidniration saite,may
sel ectively dif.y the set of lr:f-’gdni .. FT@ﬁgaratus as ct:Iai med in Clati m 1,
further comiPP<Syile EPMPAgng stofeeh JBiarie: ofriRgs § 3, FemRpgen
generati gn -Ghofdif havaRERTS | 3R niBiR fdragBndrating SseiflichBid O Midde® fiafidsOW NY
initiation and conpletion of a

through which one or more of the image components are moved in accordance

with one or more of the motion parameters, the apparatus comprising:

‘interface means connectable to the image generating means and
including storage means holding a library of function specifications each of
10  which, when called and applied to the image generating means, initiates one or
a predetermined sequence of image component movements; and
a propagating rule-Based processor connected to the interface means
and containing a set of rules each defining a response to a given condition with
the processor generating a response when the associated condition is satisfied,
15  the processor being further coupled to receive data relating to one or more
features of a genefated image frame, with said data satisfying the condition
portion of at least one rule, and the calling of each of the interface function
specifications comprising the response portion of a respective rule;
wherein the apparatus further corﬁprises ‘user interface means,

20 connected to the rule-based processor, by use of which a user may selectively
call one or more of the interface function specifications, the processor holding a
subset of the rules each having a respective: one of the interface function o
specifications as their respective response portion and each having a different
predetermined user inptjt as their respective condition portion.

25
2. Apparatus as claimed in Claim 1, wherein said data is received via
the interface means and specifies one or more predetermined conjunctions of
image frame features.
30 3. Apparattjs for controlling a computer-generated simulation suite,

- the suite comprising stored libraries of body components and component
relative motion parameters and means for generating motion sequences for one
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stored libraries of body conmponents anfl_conponen Wve 5 noti on

par anet ers &idmeeared ther bgdih @ompangntsoin whldeqbenwnpmmntsrweomavedemof t he
body conpon onent.s.are ed |n a 0 nce with one or
nore of the%ﬁd&rﬂ‘%gwgﬁeﬁggsgr {T;ﬁgrerrﬁ hEE &8 fﬁrﬁ ngPRA alusr ary
of function copgstsingat i ons each of which, when cal I ed and appl ied to the

sequence generating means, initiates one or a 10 predeterm ned sequence
af body corrponent'ntﬁffa%e'm@"s grungstabiedion thea spauRneFaoRRErating enbase @nd
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which, when called and applied to the image generating means, initiates one or
a predetermined sequence of body component movements; and
a propagating rule-based processor connected to the interface means
and containing a set of rules each defining a response to a given condition with
10 the processor generating a response when the associated condition is satisﬁed_,_
the processor being further coupled to receive data relating to one or more N
features of a body component during a motion sequence, with said data
satisfying the condition portion of at least one rule, and with the calling of each
of the interface function specifications comprising the response portion of a
15 respective rdle_;_ _
wherein the apparatus further comprises user interface means,
connected to the rule-based processor, by use of which a user may selectively
call one or more of the interface function specifications, the processor holding a
subset of the rules each having a respective one of the interface function
- 20 specifications as their respecﬁve response portion and each having a different
predetermined user input as their respective condition portion.

4. Apparatus as claimed in Claim 3, wherein said data is received via
the interface means and specifies one or more predetermined conjunctions of -
25 body component features.

5. Apparatus as claimed in Claim 1 or Claim 3, wherein said
propagating rule-based processor comprises means for modelling an

asynchronous logic circuit as a plurality of circuit elements the functions of which
30 are governed by said set of rules. '

6. Apparatus as claimed in Claim 1 or Claim 3, further comprising
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8. Apparatus as claimed in Claim 7, wherein the timing management
10 means is arranged to initiate generation of successive .image frames at a
substantially constant frequency. ~
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a (ST} Abstract

Amethndmdappnnmmdﬂcﬁbedforeomromngacompum-mwdanhnaﬂonmﬂmﬁ:).whueﬂwsultegenmmm
ofimageﬁm_mﬁmmuhmiuoﬁmagecompmmandeompmmoﬁmpmm. An interface (42) includes a store (44) of
function specifications each of which, when called and applied to the animation suite, initiates one or 8 predetermined sequence of image
component movements. A rule-based processor (10) comprises means for modelling an asynchronous logic circuit as a plurality of circuit
elements.ﬂ\ef\m_cmofwhichmgwunedbyamadsu(l&ﬁ)dmb;mhdeﬁnhgampomewagivconditionwimme
processor generating a response when the associated condition is satisfied. Predetermined conjunctions of image frame features are specified
as the condition portion of some of the rules, and the calling of each of the intesface function specifications is the response portion of a
respective rule. A method and apparatus for the control of a motion simulation suite are also described.




