A Model for Animation and Control of Articulated Figures Using a Simplified
Dynamics Approach

SoRrAIA RAUPP MUSSE
ANATOLIO LASCHUK

Universidade Federal do Rio Grande do Sul - UFRGS
Instituto de Informatica - II
Curso de Pés-Graduagao em Ciéncia da Computagiao - CPGCC
Caixa Postal 15064 - CEP 91591-970
Porto Alegre, RS, Brasil
soraia@inf.ufrgs.br
laschuk@inf.ufrgs.br

Abstract.

This paper describes a model to represent the movement of articulated systems

involving different methods for transmission of external force. A simplified approach of dynamics
1s used to movement control, description and specification. Constraints and physics based analysis

are used to animation control.

1 Introduction

The animation techniques based on dynamics aims
at the presentation of more and more realistic re-
sults [WAT 92]. Many projects in this area have
been developed: rigid bodies [WIL 89] [LEM 93], de-
formable bodies [TER 88] [NED 93] and articulated
bodies [KOL 92] [PAN 92].

This project presents a model based on physics
for animation and movement control of articulated
systems. It was developed as an MSc dissertation
at “Curso de Pés-Graduagao em Ciéncia da Com-
putagao - UFRGS” [MUS 94]. The main goal of the
work was to provide a model of the dynamics that
should be simple and efficient in results and process-
ing time. Furthermore, constraints were placed in
the model to complement the movement control.

We present the dynamic model used in the gen-
eration of the movement through the considered force
components. Besides, we compare the methods de-
veloped for the transmission of external force by the
parts (limbs) of the articulated figure.

2 The Dynamics Model

There are two kinds of mechanical analysis of the
movement: kinematics and dynamics analysis. The
former describes the movement based on the vari-
ation of the position of the body in a function of
time, whereas dynamics refers to the description of
the movement concerning the action of the forces and
torques acting in the mass of the bodies [RES 80].
It 1s well known from dynamics that the move-

ment 1s produced by accelerations and velocities which

result from the application of forces and torques. Fi-
nally, accelerations and velocities cause the variation
of the kinematics information (angular and linear off-
sets) originating the movement. The forces acting in
the systems were considered in order to determine
the resulting force in each limb of the articulated
structure. This is the way we defined the movement
model based on dynamics.

2.1 The Acting Forces Model

The goal of the movement model is to describe the
way the movement in the articulated structure oc-
curs. To determine the resultant force in each limb,
the forces acting in the system were defined [MUS 93]
namely:

)

Fresult = f(Fgrvy Fmt; Fezty Fentv Ffrwa"., Ffr’ch'nk)
where:

° f’muu 1s the resultant force calculated for each
limb of the articulated system;

° F‘grv 1s the gravitational force of the environ-
ment where the simulation of the movement oc-
curs;

e Fin: is the internal force transmitted by other
limbs of the articulated system:;

e F.yz 1s the external force that takes action over
the system. This component will be named in-
ternal force when transmitted to other limbs;
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e F,n is the entailed force responsible for keeping
the connection that defines the articulations and
the one that relates the system to the external
world;

° f}mm.r is the component of resistance of the
movement defined in terms of the air friction
coefficient; '

° Ff"'qu is the energy loss that occurs in the links
(joints) of the articulated figure.

The external force is transmitted into all limbs
of the articulated figure generating internal forces.
The methods developed for the transmission of forces
through the limbs is presented in the sequel.

3 Methods for External Force Distribution

We have developed three methods for distribution of
the external force. The processing time spent in each
method represents the total time spent for generating
the frame, which involves all the demanding comput-
ing (resulting forces and integrating methods) and
the output time. ‘

The articulated system have eight limbs and was
simulated using three methods for distribution of ex-
ternal force.

3.1 Homogeneous Method

This method distributes the external force in an ho-
mogeneous way along all limbs of the system. The
force is propagated on an equal basis for all limbs in
the articulated figure, regardless of either the mass
of each limb or the distance of the limbs to the ex-
ternal force application point. Figure 1 shows the
movement generated by this method. Notice that
the application point of the force is not clearly dis-
tinguished because the resultant forces in all limbs
are equal. The spent processing time for each frame
was (.34 seconds.

Figure 1: Homogeneous Method for External Force
Distribution.

Anais do VII SIBGRAPI, novembro de 1994

S. R. MUSSE, A. LASCHUK

3.2 Pondered Method

This method distributes the external force along the
limbs by means of an equation that ponders the in-
formation concerning the mass of the limb and its
distance from the application point of the force.

Let F be the external force applied to the ar-
ticulated system, d the distance from the limb under
consideration to the application point of the force,
m the limb mass, totdim the system total dimension,
and totmass the system total mass. Then, the limb
internal force (Frn;1), which was transferred to it by
the application of the external force, will be

- =5 (P —)+(F 2
Fre = F — o) moimass) )2( L

The above equation ponders the force in relation
to the considered attributes: the limb mass and the
distance from the limb under consideration to the
application point of the force. Figure 2 shows the
application of the Pondered Method in the movement
specification presented in the previous method. The
processing time spent in the generation of each frame
of this movement was 0.5 seconds.

Figure 2: Pondered Method of External Force Dis-
tribution.

3.3 Accelerations Equivalence Method

The Accelerations Equivalence Method considers that
neighbour limbs have the same acceleration, that is,
the external force affects each limbs in such a way
that the accelerations caused by the force would be
equal across the limbs. The resultant force can pro-
mote different accelerations of the limbs depending
on additional information of the model such as fric-
tion and connection.

In this method the external force distribution
on each limb (Lz) is calculated using the following
algorithm:
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External Force Distribution

Begin
- Fethi
For lower level neighbour limbs
aLi+1 = aLi
F‘"‘Li_“ = aLi+1 ML
For higher level neighbour limbs
aLi—l = aLi
Fmt[’i-l =aL;,_,mL,_,
End

We have accordingly established that the inter-
nal forces of each limb (except for the limb in which
the external force has acted) are the external force
distributed along the limbs. Figure 3 depicts the
movement of the same example where the previous
methods were applied. The processing time spent in
the generation of each frame for this movement was

0.5 seconds.

Figure 3: Accelerations Equivalence Method.

3.4 Methods Final Analysis

As can be observed, the Homogeneous Method does
not present a result consistent with reality, however
it presents the lowest computational cost. The Pon-
dered Method does not present the same degrees of
realism as the Accelerations Equivalence Method, al-
though it shows an interesting result regarding visual
aspects. Concerning computational cost, the last
two methods are equivalent. Thus, it can be con-
cluded that the Accelerations Equivalence Method
is the most suitable method for force distribution.

4 Movement Control

Dynamics is frequently used in computer animation
and simulation because it promotes the production
of realistic movements. Furthermore, it requires a
reduced amount of input data. However, it has a se-
rious problem: the data entry is not intuitive for the
animator [GRE 89], that is, the specification of forces
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and torques in a movement generation is not trivial.
Many works have been approaching the problem of
dynamic control of systems [COH 92] [KOL 92] and
the search for solutions seems to be the use of hy-
brid systems, which comprehends the characteristics
of different models [BAR 88].

Since this work uses direct dynamics in the gen-
eration and description of the movement, we con-
ceived a hybrid model for the movement control based
on constraints and key-frame specification. This was
done to ease the task of movement control by the
user.

4.1 Key-frame Control of External Force

The control of animations via Key-frame Interpola-
tion considers that the parameters to be animated
are specified in terms of initial and final times and the
animation system generates the parameter in the in-
termediary times. This kind of control was proposed
aiming at providing further resources and possibili-
ties of movement control.

The parameter to be controlled via key-frame
is the external force, since we consider this as the
only component at the model which is potentially
subject to modification in function of time in a sin-
gle simulation. Furthermore, this control is justified
because the simulation starts from the static equi-
librium, which is a characteristic of the model. This
implies a difficulty of generating a movement at the
end of another. However, using the key-frame con-
trol it is possible to modify the external force during
the simulation.

The variation of external force during the move-
ment acts on the new velocities and accelerations.
For instance, it is possible to simulate the instan-
taneous forces (the ones that act in a determined
instant and then stop) and constant forces (the ones
that act for a period of time in the animation) using
key-frame control. There is, still, the possibility of
changing the movement direction, disaccelerating it
until it stops and accelerating it in the desired direc-
tion.

The following example shows the syntax of the
language for specifying external force in the key-
frame control:

FRAME=0
FRAME=100

EXT_FORCE=50 0 0
EXT_FORCE=-50 0 0O

In that case, the external force equals (50,0,0)
from frame 0 to frame 99 and equals (-50,0,0) in
frame 100, according to illustration shown bellow:

EXT_FORCE [FRAME 0]
EXT_FORCE [FRAME 99]

50 0 0
50 00
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EXT_FORCE [FRAME 100]
EXT_FORCE [FRAME 150]

-60 00
-60 00

With that specification, this object which was
accelerating due to the constant presence of exter-
nal force, will disaccelerates from frame 100 until it
stops. Afterwards, it will start accelerating in the
inverse direction.

4.2 Constraints Control

The use of constraints is considered as a complement
of the movement, that is, it does not act on the laws
of Dynamics, but acts on the generated movement,
according to the input data specification.

The kind of constraints to be considered in this
work were based in [BAR 88] and adapted to artic-
ulated figures. They are presented in the sequel:

e Articulation of the Figure Constraint to a
linear Path: Constraints the specified articu-
lation in a path also specified by the user. The
path is specified through initial and final posi-
tions and its interpolation is linear, as figure 4
shows.

Figure 4: Constraint that Bounds the Movement of
an Articulated Figure to a Path.

¢ Positional Bounds for the Articulation of
the Figure: In this case, the specified articula-
tion must not surpass the planes that describe
the limits of the movement. The planes are de-
fined by a point and three orientations, that is,
the localization of the plane in space and its
three orientations in relation to the axis X, Y
and Z. Such constraint is depicted in figure 5.

¢ Rotational Bounds for the Articulation of
the Figure: Here, the maximum and minimum
angular offsets that a limb may have during its
movement, in relation to an articulation, are de-
fined.

In figure 6, we present an example that shows
two articulated figures that are being controlled by

Anais do VII SIBGRAPI, novembro de 1994

S. R. MUSSE, A. LASCHUK

Figure 5: Constraint Specifying Positional Bounds
for an Articulation.

constraints. In such case, the constraint used was the
positional bound, which was intended to simulate a
“break”. This animation sequence was used in the
overture film of the SIBGRAPI’93 Video Show, in
Recife — Pernambuco - Brazil.

F 17
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Figure 6: Constraints Controlled Articulated Sys-
tems.
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5 Global Execution Flow

The Global Execution Flow shows the global algo-
rithm of the movement generation.
Main Program
Begin
For each frame of the simulation
Apply the external force in limbs
For each limb
Compute internal force
Compute entailed force
Compute resultant force
Compute resultant torque
Compute angular and linear offsets
if angular or linear offsets cause one
rupture of the any constraints
Compute the possible offsets
with the kinematics
Apply the offsets in the movement
generated
End

6 Some Results Obtained

This section is intended to show some results from
simulations on ARTIC that aimed at graphically char-
acterizing the model here defined. All simulations
presented in this section were generated by the Accel-
erations Equivalence Method. The Prototype devel-
oped runs on Sun Workstations under UNIX Oper-
ating Systems, and developed using C programming
language.

6.1 CASE 1: Articulated Figure in a Free
Fall :

Next we present an Articulated Figure Free in 3D
space that falls due to gravity. In figure 7 one can
see the animation, and in table 6.1 the parameters
related to the simulation process.

Y

\ 7

Figure 7: Articulated Figure in a Free Fall.
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MODELING PARAMETERS

Limbs Mass 10.0
Dimensions < z,y,z > 1,10,1
Friction in Articulations 0.3

Translational Connection FREE
Rotational Connection FREE

ENVIRONMENT PARAMETERS

Air Friction 0.3
External Force 0.0, 0.0, 0.0
Articulation - (Acting force) -
Gravity 0.0, -9.8, 0.0
PERFORMANCE DATA
Delta Time 0.01
Generated Frames 80
Number of Iterations 8000
Time (80 Frames) 67 sec.
Time (1 Frame) 0.84 sec.

Table 1: CASE 1 - Simulation Parameters.

6.2 CASE 2: Linked Articulated Figure

Now we present an Articulated Figure that do not
have the possibility of translation from a fixed sup-
port. The animation can be seen in figure 8 and in
table 6.2 is the information concerning the simula-
tion process.

Figure 8: Articulated Figure with Fixed Support.

There is no external force acting besides the
gravitational one and the figure falls trying to find
static equilibrium state. During this time, it oscil-
lates due to Dynamics effects of the movement.
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MODELING PARAMETERS MODELING PARAMETERS
Limbs Mass 10.0 Limbs Mass 10.0
Dimensions < z,y,z > 1,10,1 Dimensions < r,y,2z > 1,20,1
Friction in Articulations 0.3 Friction in Articulations 0.3
Translational Connection FIXED Translational Connection FREE
Rotational Connection FREE Rotational Connection FREE
ENVIRONMENT PARAMETERS ENVIRONMENT PARAMETERS
Air Friction 0.3 Air Friction 0.3
External Force 0.0, 0.0, 0.0 External Force 1 200.0, 200.0, 0.0
Articulation (Acting Force) - External Force 2 0.0, -200.0, 0.0
Gravity 0.0,-9.8, 0.0 Articulation (Acting Force) ARTIC=3
PERFORMANCE DATA Gravity 0.0, -9.8, 0.0
Delta Time 0.01 PERFORMANCE DATA
Generated Frames 100 Delta Time 0.01
Number of Iteration 10000 Generated Frames 40
Time (100 Frames) 77 sec. Number of Iterations 4000
Time (1 Frame) 0.77 sec. Time (40 Frames) 21 sec.
Time (1 Frame) 0.53 sec.

Table 2: CASE 2 - Simulation Parameters.
Table 3: CASE 3 - Simulation Parameters.

7 Conclusion

The development of such model for generation and
control of articulated figures movement has origi-
nated the ARTIC System. This system has already
been validated in the scope of the Computer Graph-
Finally, we present an Articulated Figure that is con- :jcz éi I::IUI; t:t églzg; éi é (?)O-S_I?r:ia;fi:;fi:?iee;: di::llc(;z
trolled via Key-frame, that is, the external force is Rio GraIr)l de ?io Sul (UFRES). Some snimations has
modified during the simulation. In figure 9 is pic- Ireadv b Fishad A the ARTIC Syst

tured the animation and table 6.3 is the information 2 o0y Deen accomplished using © ysem,
regarding the simulation process. for example the overture of the video show of SIB-

GRAPT’93 (which sequence is shown in section 4).

Figure 10 pictures an image of that film.

Figure 9: Key-frame Controlled Articulated Struc-
ture.

6.3 CASE 3: Key-frame Controlled Articu-
lated Figure

Figure 10: Actor Legs Movement.

Some improvements proposed on this model are:
Anais do VII SIBGRAPI, novembro de 1994
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o inclusion of the inverse dynamics in the move-
ment generation; the advantage is that the user
informs kinematic data instead of forces and tor-
ques; and

e inclusion of collision in the movement model.

We believe that the model is useful for the “sim-
ulation” of articulated figures movements that do not
need a trustworthy realism. Besides, we intended to
generate realistic movements alongside a good pro-
cessing time performance, which is an important fea-
ture for animation users.
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