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A Novel Approach for Rendering Interactive Animation Using Non-Deterministic
Finite State Transitions and Warshall Algorithm
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Abstract: This approach gives a new dimension for rendering interactive ammation using Non-deterministic
Fimite Automaton (NFA) and Warshalls algorithm to enhance reusability, smooth transition and fast rendering
of the animation frames. In general an animation can be broadly classified into two type’s static and dynamic
animation. Dynamic animation or interactive animation scenes changes instantly depend upon the user
interaction. Designing interactive animation is more challenging and time consuming. In this approach each
animation action are represented as individual states in state transition diagram. Depending on the user input
and present state the animation activity changes dynamically from current activity to the target activity. In all
these transition the intervening states form the current activity to user initiated activity is determined by using
warshall algorithm. This approach avoids the problem of specifying the intermediate states statically and also
enhances the reality of the ammation and it as very useful in complex application like generation of automatic

animated sign gestures for the given sentence.
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INTRODUCTION

Tomlinson (2005) categorize ammation mto linear
or static and imteractive ammation and also list the
difference between them. The motion pictures, cartoon
movies come under the linear category and computer
games are an example for interactive ammation. The
difference between them depends on their adoptive ness,
rendering, transition, interaction and movement. The
process of creating mteractive ammation with human
model or avatar is laborious and also depends on the
human behaviour. In order to render the human movement
clearly the animator and programmer should avoid
complex animation design, unnecessary and unrealistic
movement of humanoid but consider minor details like
facial expression and body language. But, developing
these minor details is tough and needs a wide knowledge
about the details are
designed as a separate frame and reused in the ammation

human behaviour. Minor

sequence whenever needed to reduce the designing time.
Badler ez al. (2002) developed a system EMOTE for
representing and parameterize agent behaviours, however
this system records the mmor detail but it fails to detail
personality of eye movements, head movements, gait and
communal behaviours. One of the predominate domain
where these minor details plays an important role is
automatic generation of ammated sign gestures. The sign
gestures are basically depends on the hand shape, hand

location, hand orientation, hand movement and facial
expression, hence all the details with respect to
these components should be carefully rendered.
Papadogiorgaki e al. (2006) proposed a system VSigns
that render sign gesture from sign notation but it not able
animate sign such as contact gestures. FootSee an
interactive animation system proposed by Kang Kang Yin
and Yin and Pai for tracking full body motion based on the
foot movements. But, the system works for fixed foot
direction.

Wu (2012) used a graphic function to test finite state
machine which connects the human action and implement
interactive character. The limitation of the work is that
it does not facilitate anmimation reusability. Liu and
Popovic (2002) describe a novel method for constraint
detection method that automatically determines and
analysis input motion and render animation realistically.
The motion signal processing is also used for animation
by Bruderlin and Williams (1995). Watanabe ef al.
(2013) proposed a system for interactive anmmation
software which run parallel threads along with the main
thread in order to parallelize interactive animation, this
also reduce the rendering time and render a smooth and
effective interactive ammation. Lau and Kuffner (2006)
created a novel behaviour planning approach which
develops
However this method depended on more number of
details as inputs.

realistic motions for animated character.
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Fig. 1: Sequence of human natural action

Most of pervious research use Finmite State Machine
(FSM) transitions to fix a particular real life human activity
for example walk. The wall cycle consists of following
action moving right leg, moving left leg, moving right arm,
moving left arm and moving whole body. Hach action is a
state in the f{inite state transition. When more than one
human activity like wallk, sleep, run are to be render jointly
each activity should be blended properly and the
transitions between the activity should be clear if there
exits multiple paths from one activity to another activity.

Figure 1 is a sequence of human natural action. Tf
sleep 1s the current state and walk is the end state, the
human does not directly achieve this end state from the
current state. Either the sequence sleep, sits, read, stand
and walk or after sit it can be eat, stand and final state. In
this type of transition FSM 1s not effective so NFA 1s
used. To enhance the reusability of ammation frame and
to overcome the above mention problem a novel approach
is proposed in this study. This approach applies the
concepts of non-determimistic finite state transition along
with warshall’s algorithm to enhance the blending
function and transit from current activity to next activity
and another leverage of this approach is determining
mtermedate states dynamically.

MATERIALS AND METHODS

System architecture: The important aspect of
SAS (Semblance Affinity

Sensation). Semblance-an out ward appearance or form,

interactive animation 18

affimity-liking and similarity between the ammation
sequences. Sensation-impressive and conscious. The
core application of this approach concentrates on the
above aspects and reusability to generate dynamically
realistic sequences between the current and final activity.
Tt is difficult to predict the sequence of actions that a
character may take and also a particular action to be done
at that specific time. The transition also should be robust,
sensible and rapid. The mentioned difficulty can be
overridden and the animation sequences are generated
dynamically using Warshall’s transitive closure algorithm
and the state transition matrix.

Fig. 2: A state transition diagram depicts the connection
between various human activities

This architecture 1s two fold: first amimation sequence
cycle 1s determined and modelled. Second the state
transition diagram 15 generated depending on the
animation sequence cycle. When two are three activities
for example human behaviours like sleeping, jumping is
combined in a sequence, the sequence is called as
animation sequence cycle. In addition to the transition
form one activity to another activity, animation sequence
cycle should also show various human behaviours or
actions.

In order to develop a good animation sequence cycle
the animator and the programmer should have a wvast
knowledge about human behaviours. Initially the major
activities in the animation sequence cycle are decided.
After that the animation sequence cycle 13 determined.
These activities are broken mto basic actions for example
sleeping activity is separated into sitting, lying down
action. Each action 1s a state m the state transition
diagram. In ammation these states are the role or frame of
the character. The connections between the actions are
determined by the edges which are also bi-directional.
Some of these basic actions will be common to many
major activities. Edges connections are more important in
determiming the transition from one activity to succeeding
activity. Care should be taken m fixing the state and
edges, as some of the action will be common to many
activities in that case a single state is used to avoid
redundancy. The transition from one state to another 1s
determined by the user input and the present state. For a
single user input there may exit transitions which branch
to multiple next states. The major concern is that when
transition is processed through particular edge a correct
sequence should be selected dynamically from the
present action to next action. The scenario is illustrated in
the following Fig. 2. Here, there exits edges from stand to
sit, walk, runand jump. Depending on the user input and
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present state the transition take place dynamically.
Where SL-Sleep SIT-Sit, WA-Walle, ST-Stand, RU-Run,
SW-Swim and JU-Jump.

To adopt this situation the proposed system uses
NFA and it also generalised to accept different state
transition diagram but the animation sequences are
pre-determined and character modelling done
separately. The NFA is a 5-tuple {Q, %, d, q, F}, the
parameters of concern are Q: finite nonempty set of
action or state, X-fimte nonempty set of user mput,
d: a transition function mapping from Q * X, ¢, belong to
Q and it is the mitial state, F is a subset of Q and it 1s the
final state. The advantage of NFA over the FSM which
are used in previous work is that in NFA the outcome of
a state 1s a subset of Q whereas the outcome of FSM 1is
element of Q.

From the ammation sequence cycle the state
transition diagram is drawn. Using state transition
diagram the programmer develops a state transition
matrix depending upon the state transition sequences.
If there exit a transition between two adjacent states
then 1 13 marked in the comresponding ith row and
jth column if there is no transition then 0 is marked
i the corresponding row and column position. Using
this state transition matrix the animation sequence is
dynamically generated. The state transition matrix is
a square and transitive closure matrix. The overall
system design is shown in Fig. 3.

The memu moedule list various state for accepting the
user selection. The user selection is processed in state

. Different
Menu User actlon‘ State paths  [ge sequence
diagram identification
Minimum
path state
sequence
v
Animation | Animation

rendering process

<
Animation
sequence

Fig. 3: System architecture

Table 1: CPU utilisation time and frame per second

diagram module. The state diagram gives the connection
between different state, when a state 1s said to be
comnected to another state iff there exists a transitive
closure relation. If state A has a directed edge to state B
and state B has directed edge to state C by transitive
closure relation A 1s connected to C. There exist many
transitive relations but the shortest transition among them
is interesting that is many actions can be connected to
many other actions but the transition should be minimuim,
sensible and robust in order to achieve reusability and
mimimum throughput. The fact is that in the state
transition diagram edges are not assigned with any
weightage or priority only the connection between the
states 1s established.

Using the transitive closure matrix all possible
transitions from current state to user imtiated state 1s
listed. The length of each path from source to target is
calculated and mimmum 15 selected from them using
warshall’s algorithm. This shortest path 1s stored and the
corresponding actions in the sequences are rendered.
This animation secquence is the final output and in which
intermediate states are selected dynamically. The
animation of different role is rendered using Opengl. Tt is
basically modular language with heap of graphical in-built
commands. Tt is easy to render human role using Opengl.

RESULTS AND DISCUSSION

Performance evlautions: Five different start state to
target state are selected and the transitions sequences
and verified. The frame per second and CPU utilisation
time are observed. The average frame per second from
source state to target state is less and CPU utilisation time
is more compared to tradition approach because of
finding the shortest path and intermediate sequences
dynamically. The different test cases are listed in Table 1
along with the CPU utilization and frame/sec. Table 2
and 3 show the FSM amimation performance and NFA
animation performance, respectively.

Current Current
Test case process state input state Acceptance state Expected sequence  Actual sequence Average CPU utilization  Frame/sec
1 Sleep Sit - Sleep-sit Sleep-sit 13.79545 2.386364
2 Sleep Walk Sit, stand Sleep-sit Sleep-sit 16.82143 2.392857
stand-walk stand-walk
3 Walk Swim Jump Walk-jump-swim  Walk-jump-swim 21.66346 2.826923
Swim Sleep Jurnp, stand, Swim-jump- Swim-jump 1879381 2.072165
sit stand-sit-sleep stand-sit-sleep
5 Walk Walk - Walk Walk 19.91176 2191176
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Table 2: F§M animations performance
FSM_ANIMATION

CPUs average CPUs average
Time (sec)  Frames/sec OGL calls/frame utilization Time (sec) Frames/sec  OGL calls/frame utilization
0.0 0 0
0.2 3 1807039 40 7.0 3 1807032 0
0.4 3 1807039 67 7.2 3 1807032 29
0.6 4 1807040 21 7.4 2 1807032 6
0.8 5 1807031 29 7.6 2 1807032 56
1.0 5 1807031 19 7.8 2 1807032 0
1.2 5 1807031 29 8.0 2 1807032 31
1.4 5 1807031 40 8.2 2 1807032 0
1.6 5 1807031 31 8.4 2 1807032 38
1.8 5 1807031 0 8.6 2 1807032 2
2.0 5 1807031 0 8.8 2 1807032 23
2.2 5 1807031 0 2.0 2 1807032 2
24 5 1807031 2 9.2 2 1807032 33
2.6 5 1807031 10 9.4 2 1807032 4
2.8 5 1807031 0 2.6 2 1807032 21
3.0 5 1807031 4 9.8 2 1807032 12
32 5 1807031 0 10.0 2 1807032 17
34 5 1807031 6 10.2 3 1807032 13
36 5 1807031 33 104 3 1807032 21
38 1 1807041 4 10.6 2 1807032 15
4.0 1 1807041 10 10.8 2 1807032 15
4.2 1 1807041 0 11.0 3 1807032 37
4.4 1 1807041 0 11.2 3 1807032 54
4.6 1 1807041 35 11.4 3 1807032 21
4.8 1 1807041 40 11.6 3 1807032 58
5.0 1 1807041 19 11.8 3 1807032 13
5.2 1 1807042 63 12.0 3 1807032 67
54 5 1807032 38 12.2 3 1807032 21
5.6 5 1807032 60 124 3 1807032 35
5.8 4 1807032 42 12.6 3 1807032 0
6.0 4 1807032 54 12.8 3 1807032 27
6.2 3 1807032 0 13.0 2 1807032 6
6.4 3 1807032 23 13.2 2 1807032 23
6.6 3 1807032 15 13.4 2 1807032 17
6.8 3 1807032 50 13.6 2 1807032 37
Avg. 2.985294 22.61764706
Table 3: NFA animations performance
FSM_ANIMATION
CPUs average CPUs average
Time (sec)  Frames/sec 0OGL. calls/frame utilization Time (sec) Frames/sec OGLL calls/frame utilization
0.0 0 0 42
0.2 0 0 75 7.0 1 1807039 23
0.4 0 1795060 63 7.2 1 1807039 44
0.6 3 1795060 79 7.4 1 1807039 10
0.8 3 1795061 79 7.6 1 1807039 23
1.0 2 1795061 81 7.8 1 1807040 38
1.2 2 1795052 77 8.0 1 1807040 33
1.4 3 1795052 77 8.2 1 1807032 67
1.6 3 1795052 77 8.4 3 1807032 27
1.8 3 1795052 75 8.6 3 1807032 35
2.0 2 1795052 67 8.8 3 1807032 33
22 2 1795052 54 9.0 3 1807032 23
24 2 1795052 50 9.2 3 1807032 29
2.6 2 1795052 46 94 2 1807032 10
2.8 2 1795052 48 9.6 2 1807032 54
3.0 2 1795052 60 9.8 2 1807032 56
32 2 1795052 42 10.0 2 1807032 23
34 2 1795052 50 10.2 3 1807032 33
36 2 1795052 52 104 3 1807032 27
38 2 1795052 50 10.6 3 1807032 15
4.0 2 1795052 52 10.8 2 1807032 60
4.2 2 1795052 73 11.0 2 1807032 27
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Table 3: Continue

FSM_ANIMATION

CPUs average

CPUs average

Time (sec) _ Frames/sec OGL calls/frame utilization Time (sec) Framesfsec OGL calls/frame utilization
4.4 0 1795063 60 11.2 3 1807032 50
4.6 0 1795063 38 11.4 3 1807032 27
4.8 0 1795063 25 11.6 3 1807032 52
5.0 0 1795063 33 11.8 3 1807032 31
5.2 0 1795063 23 12.0 3 1807032 316
5.4 0 1795063 46 12.2 3 1807032 65
5.6 1 1795060 23 124 3 1807032 38
5.8 1 1795060 46 12.6 3 1807032 40
6.0 1 1795060 15 12.8 3 1807032 37
6.2 1 1795060 21 13.0 3 1807032 44
6.4 1 1795060 12 13.2 2 1807032 33
6.0 1 1795060 44 13.4 2 1807032 46
6.8 1 1795033 42 13.6 3 1807032 46
Avg. 1.955882 44.58824
CONCLUSION Liu, CK. and Z. Popovic, 2002, Synthesis of complex

The proposed Interactive software animation tool is
implemented by using NFA techniques. The systems not
only facilitates the reuse of ammation and self control of
character motion, but also carry out graphics transfer
states tools which can test and implement the state
transition of mteractive animation. It is observed that the
efficiency of the proposed system is higher than the older
systems. From the result it is observed that the frame per
second rendering 1s less than the FSM based ammation.
By correctly giving the gestures sequences the system
can dynamically generate the sign gestures.
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