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&KDSWHU��

7KH�$QLPDWLRQ�)UDPHZRUN

���� ,QWURGXFWLRQ

It was observed in Chapter 2 that recent developments in computer animation systems

have been towards motion autonomy.  The main attention has been focused on

mechanisms that enable the figures to realise motions with minimum assistance from the

human animator.  In extreme cases, some systems tend to simulate natural behaviour

rather than perform directed animation.  This is the case with Tu’s DUWLILFLDO� ILVKHV

[Tu94] in which the sensor inputs of the fishes trigger a repertoire of behaviour.

However, there are other systems in which the animated entities do not act solely on

their sensor inputs and are required to achieve some goals defined by an animator.  Goal

seeking has been advocated in earlier systems to perform high-level tasks [Badl85b,

Zelt85].

In our work the focus is on providing a mechanism whereby an animator can record

knowledge about skills and enable the figures to fetch this knowledge as conditions

require.  This is thus the application of a knowledge-based system for motion control.

The experiences reported by Ridsdale [Rids87] and Calvert [Calv91] have pointed out

that the application of typical expert system techniques is not suitable for multiple

moving figures.  Later, Calvert [Calv94] suggested the blackboard model as an

appropriate adequate AI tool and describes a blackboard system to control the behaviour

of multiple entities.

In the current work a blackboard approach to motion control is presented.  The motions

of the figures can be seen as processes that are created, suspended, interrupted, and
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completed asynchronously.  As the blackboard model deals with problems typical of an

environment with multiple processes, it was adopted as a problem-solving paradigm in

this framework.  The framework is thus intended to combine the requirements of an

entity to exercise intelligent behaviour such as reacting to events in an environment, to

interacting with other entities, and being able to control its own motion.

In the first part of this chapter we present an overview of the implemented system and

the details will be examined in the subsequent chapters.  In the second part of the chapter

we describe the entities handled by the animation system, namely, static and dynamic

figures.

���� 7KH�$QLPDWLRQ�6\VWHP

The animation system presented here satisfies two requirements.  Firstly, it is required to

endow the figures with basic motive skills, such as walking, as described in Chapter 4.

Secondly, it should implement mechanisms that permit the agents to exhibit autonomous

behaviour, that is, to provide a mechanism for automatic planning of their actions and

interaction with the environment.  A proposed system satisfying both requirements is

composed of two modules as shown in Figure 5-1.
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)LJXUH�������$QLPDWLRQ�IUDPHZRUN�FRPSRVHG�E\�WZR�LQWHUDFWLQJ�EORFNV�

The controller resides at the higher level and implements the blackboard model.  It

manages multiple process threads and reacts to changes in the environment.  The

underlying language is Prolog with Flex providing expert system facilities to represent

frames, rules, and explicit knowledge representation of the reasoning mechanisms
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[Vase92, Ring88].  This component of the animation system deals with symbolic

information controlling the agents’ behaviour.  It is called the DQLPDWLRQ�FRQWUROOHU, or

simply�FRQWUROOHU.

In the lower component there are the facilities of a typical animation system such as the

camera, objects and their motions, and also “sensing” functions such as WKH�DELOLW\�RI�DQ

DUP� WR� UHDFK� DQ� REMHFW.  This part is written in the C++ language and compiled into

Windows DLL.  The communication between this component and the higher component

is through messages.  There is a master/slave relationship, with the controller sending

messages to the lower component to create objects, to perform motions, to advance one

frame of the animation sequence, and to enquire about information of the animated

objects.  The lower component returns information to the controller about the state of

the objects and transmits signals indicating that motions have finished.

���� 7KH�$QLPDWLRQ�&RQWUROOHU

As outlined in the chapter 3, the blackboard model has three main components: the

blackboard data structure (or simply the blackboard), the knowledge sources and the

control.  The precise implementation of these components depends on the requirements

of the problem and how it is to be solved.  Some of the interesting features of motion

control in animation systems are:

• multiplicity of objects that may have similar, or different, behaviour;

• agents that perform actions in response to different sources of stimuli in the

environment;

• the execution of actions that cause changes in the environment which can be

perceived by the agents;

• the course of events in the animation that can be influenced by the animator, either

directly, by using scripted directions; or indirectly, by modifying the layout of the

environment, by re-positioning the static objects, or by modifying the initial attributes

or facts of the animated objects;

• the motion of human-like figures that should exhibit some degree of realism

characteristic of  human behaviour, with the possibility of including secondary

movements such as swinging the arms while walking;
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• the actions of an animated entity may be purposeful in nature, being goal-oriented and

planned according to the agent’s specific situation;

• when a figure has several potential actions to perform, a criteria scheme should allow

the choice of the most appropriate or an applicable one.

Given these features, the animation activities can be organised into four co-ordinated

types of control in the form of levels of abstraction:

• VFKHGXOLQJ.    Actions are scheduled or interrupted as the context requires.

• LQVWUXFWLRQ.    The organisation of actions as a control structure permits the planning

and execution of activities in the pursuit of goals.

• WDVN.    The execution of primitive motions which require the allocation of resources.

• PHVVDJH.    Animated figures can communicate by exchanging messages.

Each one of the activities above is handled by separate sets of knowledge called

NQRZOHGJH�VRXUFHV (KSs), namely, the Scheduling KS, the Instruction KS, the Task KS,

and Message KS.  This leads to an efficient overall control structure with a

representation of the knowledge which aids understanding.  Figure 5-2 describes the

general organisation of the FRQWUROOHU.  Arrows within the blackboard indicate the

transition of control from one problem solving stage to another.

       Instructions       InstructionsMessages

Objects and Facts
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Task KS

Message KS

%ODFNERDUG .QRZOHGJH�VRXUFHV
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)LJXUH�������2UJDQLVDWLRQ�RI�WKH�DQLPDWLRQ�FRQWUROOHU�

The several KSs will be discussed in more detail in the following chapters.  The

blackboard data structure reflects the operation of the KSs and, consequently, this will be

described along with the correspondent KSs.  In the following sections the blackboard
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control and blackboard data are presented with a brief overview of the KSs.

Furthermore, the controller handles the data representation of the animated objects

which will be described in this chapter.

������ 7KH�%ODFNERDUG�'DWD�6WUXFWXUH

The blackboard data structure is a workspace that holds a variety of data instances such

as the animated entities and the process control structures.  These data are stored and

manipulated by the knowledge sources in the pursuit of a solution.  A SURFHVV is created

to solve a motion control problem and its data structure is implicitly developed into a

hierarchy as shown in Figure 5-2 and Figure 5-3.  That is, the analysis of a solution

evolves dynamically from one level to another in the hierarchy.

As the animated environment contains a multiplicity of animated agents, there are at least

as many processes being pursued simultaneously in the blackboard data structure, each

of which being in a different state of analysis and having its solution tree spanning across

the blackboard levels.  Additionally, the animation entities have internal information, such

as posture and location, which are also taken into account in the solution.  The

representation of the animation entities will presented in this chapter.

Goal scheduling

Instruction
nodes

Task nodes

)LJXUH�������7KH�WKUHH�FRQWURO�VWDJHV�RI�SURFHVV�

������ 7KH�.QRZOHGJH�6RXUFHV

Because the problem solving is partitioned into solution spaces, each partition has a

corresponding KS that acts as a expert in operating on that specific type of data or

activity.  The four KSs are briefly described as follows.

The Scheduling KS undertakes the job of assigning agents with actions.  Some actions

are scripted by the animator and others result from the natural developments of an

animation.  The Scheduling KS has also the important role of keeping the agents busy
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when no relevant activity is being performed.  For example, it is better to have agents in

the background perform activities appropriate to their role rather than staying still.

The Instruction KS monitors the progress of the actions being carried out by the

animated agents.  As discussed previously, an action is an activity that can be of a

varying degree of complexity.  The control of this complexity is represented by the

concept of LQVWUXFWLRQ.  The term instruction is very convenient in the sense that it

encloses within a computational entity activities related to a verb of action���For example,

the activity of�SLFNLQJ�XS�RI�DQ�REMHFW is achieved by the action verb SLFN�XS.  As will be

discussed in more detail in the next chapter, an instruction is a verb of action that can be

represented by sequences of other instructions.  All the information related to an

instruction is contained in a frame data structure.  The Instruction KS will thus develop

the agents instructions and store results of its operation in the corresponding structure.

That is, it plans how the instructions will be carried out, decomposing the instructions

into less abstract instructions that accomplish the goal, recover from failures, etc.  An

instruction is developed as a tree where the terminal nodes, or WDVNV�QRGHV, control the

physical motion of the agent.

The WDVN nodes are handled by the Task KS.  The Task KS monitors a specialised skill

which is also defined by a frame data structure.  Each task acts as an interface between

the Controller and the basic animation system.  It allocates the necessary resources to

that particular task and sends simple motion commands to the animation system.  When

the motion is completed the task decides the next step of the motion.

The Message KS is a special type of KS that deals with the communication between

agents.  In fact it behaves as a bridge forming an intermediary between two processes in

a co-operative action.

������ &RQWURO

The role of the control component is to identify patterns of data that require the attention

of one of the existing KSs.  As the processes develop, items of data are added to the

blackboard for further development.  These items remain there as long as the processes

are active.  However, only one part of each process is considered at a time by the
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control, this part having the IRFXV�RI�DWWHQWLRQ.  The remaining parts are put into the “out

of focus” group.

The control component of the animation controller is basically a loop that continuously

checks for processes requiring the focus of attention.  The control does not need to be

complex because all the necessary processing is performed within the knowledge

sources.  A specific knowledge source is activated when at least one item of data of that

type of source is in focus and remains active until none of that type of data is requesting

attention.  That is, the data of a region of the blackboard are processed in their entirety in

one visit.  However, the action of a knowledge source on the processes causes

modification in the blackboard which may cause other types of data to request attention

from the knowledge sources.  When a region has been completely served, the control re-

examines the hierarchy from the top region (scheduling) down to the lowest region (the

task) to determine if any attention is required.  The strategy is thus to bring the operation

of all existing processes simultaneously to the task level.

When all the processes requiring attention have been served, that is, no more processes

on the blackboard are on focus, the controller sends a message to the animation system

to advance the animation frame by one step.  That means all the motions scheduled in the

animation system advance a little further.  When the requested motions have been

completed a signal is sent back to the corresponding task control node.  This task node is

thus “re-activated” or put “on focus” so that it can receive the attention of the Task KS

to proceed with further operations or to pass the control to the LQVWUXFWLRQ instances

which controls it.  To summarise, between one animation frame and the next, the control

evaluates the solution state of the current actions.

���� 7KH�([DPSOH�RI�$QLPDWLRQ�6FHQDULR��%DU

In order to explore the performance of the system, a relatively complex scenario of a bar

has been created with the following characters:  EDUPDQ, ZDLWHU, VXSSOLHU, and

FXVWRPHUV.  The scenario also includes some static objects such as FKDLU, JODVV, FRXQWHU,

VKHOI.  There are also two rooms or areas of action:  the EDU�DUHD and the UHVWDXUDQW�DUHD

(Figure 5-4).  In the EDU�DUHD there are several counters with different functions: the EDU

FRXQWHU is where the EDUPDQ waits upon FXVWRPHUV; the H[FKDQJH� FRXQWHU where the
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EDUPDQ puts used glasses for collection and also receives provision of new glasses; the

VXSSO\�FRXQWHU with a stock of new glasses; and a ZDVWH�FRXQWHU where used glasses are

placed.  In the UHVWDXUDQW�DUHD there are two tables with corresponding chairs.  The EDU

FRXQWHU is a special one where up to four potential places are available for FXVWRPHUV.

Obviously only one person at a time can occupy one of these places or one of the chairs.

There are also some special areas known as the�GRRU�DUHD�where the characters appear

and disappear in the scenario.

7KH�SHUVRQ is a generic character which provides the basis for any of the characters of

the scenario.  It is capable of walking, sitting, waving to somebody, picking up at most

two glasses at a time, looking around at somebody, etc.

7KH�EDUPDQ�has the role of serving customers at the EDU�FRXQWHU.  When he is not busy

he removes the used glasses, if any, from the EDU�FRXQWHU to the H[FKDQJH�FRXQWHU.  The

provision of a new set of full glasses is also made through the H[FKDQJH�FRXQWHU.  If the

EDUPDQ realises that a new provision of glasses is required, he makes a corresponding

request to the VXSSOLHU.  If a FXVWRPHU orders a drink, the EDUPDQ searches the EDU

FRXQWHU first and if none is found he seeks one from the H[FKDQJH�FRXQWHU as a second

alternative.  If both fail he makes a request to the VXSSOLHU.

7KH�VXSSOLHU�supplies the EDUPDQ with fresh glasses at the H[FKDQJH�FRXQWHU.  However,

if the VXSSOLHU is idle he might check whether new glasses should be supplied and also

removes any used ones.

7KH�ZDLWHU�serves FXVWRPHUV in the UHVWDXUDQW�DUHD.  If a FXVWRPHU calls a the ZDLWHU, the

ZDLWHU goes to the FXVWRPHU and receives an order to bring one or two glasses from the

H[FKDQJH�FRXQWHU.  The ZDLWHU searches for new glasses at the H[FKDQJH�FRXQWHU or, if

necessary, at the VXSSO\�FRXQWHU.  When the waiter is idle it collects glasses that are no

longer used and puts them on the EDU�FRXQWHU or on H[FKDQJH�FRXQWHU.

7KH�FXVWRPHUV are the main characters of the scenario.  They go to the bar to take a

drink or if there are no places at the counter they go to a free table.  Otherwise, they just

wander around.  At the table they order a drink from the ZDLWHU.  They enjoy drinking

and between sips they look at the people around them.
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���� 7KH�$QLPDWLRQ�(QWLWLHV

In Chapter 4 the animation entities were shown to be high-level computing objects

encompassing both the geometric model and motional skills.  Now, in the context of the

FRQWUROOHU� these same entities further incorporate symbolic information which represents

knowledge or concepts about them, typically used in the reasoning process.� �That is, in

our simulated world both types of object, dynamic and static, can have inherent

properties explicitly described and manipulated.  Such information is organised in a frame

structure and is taken into account when planning the actions of the entities.  For

example, an agent can sit on a chair if there is information in the frame for that chair

indicating that it is currently unoccupied, otherwise the frame could report the identity of

the current occupant.  In another example, an agent can pick up a glass if one of his arms

is free and provided there is glass at a particular place.  In any case the actions can be

achieved by an agent if the parts involved exist and are in the specified conditions.

Figure 5-5 presents a hierarchy of conceptual entities conceived for this animation

scenario.  Each box is a frame which represents an aggregation of attributes that

characterise a kind of entity.  The topmost frames, HQWLW\� and� VXUIDFH, are generic

concepts from which more specific concepts are derived.  The HQWLW\ frame defines

attributes common to individual objects such as position, orientation, colour, type, name,

etc.  The VXUIDFH frame defines the attributes possessed by some of the objects such as

the table and counter.  That is, it specifies areas and information regarding the list of
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objects contained in that surface.  The rounded boxes are instances of objects that are

actually handled by the controller.  The hierarchical structure is typical of the frame

representation.  Although the objects in the animation are not required to be organised

this way, the representation greatly assists in the task of maintaining the database by

avoiding the repetitions of attributes.
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)LJXUH�������([DPSOH�RI�KLHUDUFK\�RI�DQ�DQLPDWLRQ�FDVW�

Apart from the individual information, these entities hold a variety of relationships with

other entities.  Such facts are useful for drawing conclusions and accessing other objects.

Two examples of typical relationships are FRQWDLQPHQW and SODFHPHQW.  Examples of

containment are:

bar_area’s objects_list  contains  {bar_counter, tall_glass, wine_glass},  and

bar_counter`s objects_list  contains  {tall_glass, wine_glass}.

Such information, for example, allows an agent to find a counter in the EDUBDUHD or to

pick up whatever glass is on the EDUBFRXQWHU.  The containment relationship is the

opposite of placement, for example:

bar_counter’s place  is  bar_area,   and
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tall_glass’s place      is  bar_counter.

���� 7KH�$JHQW�(QWLW\

As discussed in Chapter 4 our human figure is composed of 19 links or limbs and these

limbs may have one, two, or up to three degrees of rotational freedom at the joints.

Nevertheless, for motion purposes a single degree of freedom or a single limb is rarely

handled exclusively even in the most subtle motion, such as the turning of the head which

involves not only the head but also the neck.  For more practical motion control, the

body is logically divided into six major limbs rather than into DOFs: left_leg, right_leg,

left_arm, right_arm, head, and torso.  These parts are, therefore, treated as resources

which must be allocated before they can be operated.  That is, tasks are entities that

control motor actions and a task only becomes effectively active when all the necessary

parts can be allocated for its control (see Chapter 7 for details).

IUDPH�SHUVRQ��
��GHIDXOW�W\SH�LV�SHUVRQ�DQG
��GHIDXOW�EHKDYLRXU�LV�FXVWRPHU�DQG ��3URWRW\SLFDO�FKDUDFWHU�RI�WKH�SHUVRQ
��GHIDXOW�DFWLYLW\�LV�GRBOHLVXUHBL�DQG ��'HIDXOW�DFWLYLW\�ZKHQ�LGOH�
��GHIDXOW�VLWWLQJBSODFH�LV�QRWKLQJ�DQG ��6LWWLQJ�RQ�ZKLFK�REMHFW�
��GHIDXOW�UHVRXUFHBOLVW�LV�^OBDUP��UBDUP��OBOHJ��UBOHJ��KHDG��WRUVR`�DQG
��GHIDXOW�OBDUP�LV�VW�VWUDLJKW��IUHH��DQG ��3RVWXUH�DQG�QDPH�RI�WKH�WDVN�
��GHIDXOW�UBDUP�LV�VW�VWUDLJKW��IUHH��DQG
��GHIDXOW�OBOHJ�LV�VW�VWUDLJKW��IUHH��DQG
��GHIDXOW�UBOHJ�LV�VW�VWUDLJKW��IUHH��DQG
��GHIDXOW�KHDG��LV�VW�VWUDLJKW��IUHH��DQG ��3RVWXUH�RI�WKH�KHDG�
��GHIDXOW�WRUVR�LV�VW�VWUDLJKW��IUHH��DQG ��3RVWXUH�RI�WKH�WRUVR�
��GHIDXOW�OBKROG�LV�QRWKLQJ�DQG ��+ROG�ZKDW�REMHFW�LQ�WKH�OHIW�KDQG�
��GHIDXOW�UBKROG�LV�QRWKLQJ�DQG
��GHIDXOW�VXSSRUW�LV�ERWK�DQG ��6WDQGLQJ�RQ�ZKLFK�OHJV�
��GHIDXOW�SRVWXUH�LV�VWDQGBXS�DQG ��*HQHUDO�SRVWXUH�RI�WKH�ERG\�
��GHIDXOW�ORFNBUHVRXUFHV�LV�QRWKLQJ�DQG ��/LVW�RI�OLPEV�XVHG�LQ�VSHFLDO�RSHUDWLRQV�
��GHIDXOW�UHVRXUFHVBXVHG�LV�QRWKLQJ ��2YHUDOO�UHVRXUFHV�DOORFDWHG�
��GHIDXOW�PDLQBLQVWDQFH�LV�QRWKLQJ�DQG ��7KH�PDLQ�LQVWUXFWLRQ�FXUUHQWO\�LQ�DFWLRQ�
��GHIDXOW�OBUBKDQGHG�LV�ULJKW�DQG ��+DYH�D�SUHIHUHQFH�IRU�ZKLFK�DUP�
��GHIDXOW�SHUVRQBDWWHQWLRQ�LV�ORRNBDWBL��DQG ��5HDFWLRQ�WR�DQ�DSSURFKLQJ�LQGLYLGXDO�
��GHIDXOW�WDVNBOLVW�LV�QRWKLQJ�DQG ��/LVW�RI�WDVNV�LQVWDQFHV�
��GHIDXOW�LQVWUXFWLRQBOLVW�LV�QRWKLQJ�DQG ��/LVW�RI�LQVWUXFWLRQV�LQVWDQFHV�
��GHIDXOW�VXVSHQGHGBOLVW�LV�QRWKLQJ�DQG ��/LVW�RI�DPLQ�LQVWUXFWLRQ�VXVSHQGHG�
������

)LJXUH�������7KH�SHUVRQ�IUDPH�

In Figure 5-6 the SHUVRQ frame has a slot for each of its limbs.  Each limb slot is

characterised by a pair of data:  the current state (or position) of the limb and the name

of the task that is controlling the limb.  The state of the limbs and their motions is usually

represented in the form of a state machine [Zelt82, Mora90, Badl94].  A limb can be in a
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number of known positions.  The action of a motion changes the configuration of the

limb and therefore changes its state to a new one.  For example, using the state machine

in Figure 5-7, supposes that a “walking person” currently has the right leg IRUZDUG� that

is, the right leg is at the node state named ULJKW� IRUZDUG and the next step of walking

makes the left leg swing forward.  Thus, this sets the right leg to be in the EDFNZDUG state

position.  In our specific case, between one state and another the walking motion step is

comprised of three stages as discussed in section 4.3.8.1, others [Zelt84] do the motion

in up to seven stages for more realism.  The motion of one leg is obviously synchronised

with the other (Figure 5-7a) and this is simply implemented as production rules as for any

other state based motion.  These rules can be represented as a simple state machine

(Figure 5-7b) as they identify certain limb configurations and update the figure’s

database to new configurations when a step of motion completes.

U��EDFNZDUG

O��IRUZDUG

U��IRUZDUG

O��EDFNZDUG

U��VWUDLJKW

O��VWUDLJKW

(a) Example of a state machine representing the motion of both legs.       

O��IRUZDUGU��IRUZDUG

OHJV�VWUDLJKW

(b) A simplified state machine.

)LJXUH�������([DPSOH�RI�VWDWH�PDFKLQH�IRU�WKH�ZDON�PRWLRQ�

���� &RQFOXVLRQV

The existing animation (Chapter 4) can be greatly improved by adding an intelligent

control layer on top of it.  This control scheme is composed of control elements of

varying complexity and this will be discussed in the following chapters.  An example of a

complex animation scenario, a public bar, has been presented.  Each participant in the

scenario is characterised by appropriate frames which contain information manageable by

the associated control components.
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