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From dance to Boidance

Summary

Context: Between representation and interaction in virtual environment
Problem: How to enhance interaction between the dancer and the boids?

1
2
3. Implementation and Results: Boids + Genetic Algorithm + VR & LMA
4

Outcome and Discussion



1. Context:
Between representation and interaction in the Virtual Environment

A. Representation
B. Interaction




Context : Previous examples

Placeholder, Brenda Laurel

g

360° VR BALLET

VR Ballet - Silent Resonance

VR_I, Gilles Jobin
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Context: Map between representation and interaction A

Representation

Real 4
world I
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360° VR BALLET
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2. Problem:

How to enhance interaction between
the dancer and the boids?




3. Implementation and Results

Strategy

A. Create and Populate the VR environment
B. Interaction research using Laban Movement Analysis




A - Create and populated VR environment
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Boids algorithm

— Behaviors
- Cohesion
Alignment
Avoidance
Follow head of user

Swarm behaviorin VR

Genetic Algorithm

— Genes
Colors
Speed
Shape
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B- Introduction to Laban Movement Analysis Categories

Space
Physical and Psychological Kinesphere
Spatial dimensions and directions and intentions

Body %
Breath
Active body parts
Movement sequencing

Movement patterns

\

Body

Phrasing -’
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3 - Implementation and Results: /nteraction using Laban Movement Analysis a5
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Discussion
General Outcome

(1 Dancer and audience can interact with the environment in real time

1 Laban Movement Analysis was a very useful tool to analyze and improve the movement interaction between
the dancer and VR technology

Outcome from the dance and choreographic perspective

Immaterial living interaction mode;

A kinesphere that can be trespassed and trespasses the dancer’s body and that can be perceived as a
bodily extension;

Boidance as a Weightless Contact-Improvisation Dance;

Innovative aesthetic experience - “Immaterial Somatic Perception”.
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Discussion

To improve / to explore

Haptic response and more vr controllers/sensors

Improve visualization by the audience (Mixed Reality, multi-users...?)

Sounds: interaction

Methodology to analyse dance movement ininteraction with virtual reality
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The kinesphere, a subcategory of the space in LMA

& D

Figure 4: icosahedron (A), Lateral (B), Horizontal (C),

Sagittal (D)

Published in A. Truong, H. Boujut and T. Zaharia,

2014.

How to enlarge dancer movement through developing the
kinesphere?
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The kinesphere, a subcategory of the space in LMA

& D

Figure 4: icosahedron (A), Lateral (B), Horizontal (C),

Sagittal (D)

Published in A. Truong, H. Boujut and T. Zaharia,

2014.

How to enlarge dancer movement through developing the
kinesphere?
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Collective behaviors - Swarms

Swarm intelligence characteristics:

Reactive agents / coghritive-agents

Deterministic

Research application

Emerging behaviors

Model natural behaviors
Procedural natural movement
Optimization

Chaotic

Shoal of Garapau - youtube

Dan Olner - youtube (

Reynolds (1986

How to model biological systems of complex behaviors?
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Agents between boids and Genetic Algorithm AN
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Boids parameters >
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cohesion alignment avoidance D /r E A F
Figure 1 - Base behaviors by Reynolds (1986) Figure 1 Available behaviors in boidance
Genetic Algorithm
- ‘ > | > <
@ A A ;
. A AA o 4t
i’ﬁ<
radius shape scale color Max speed ik
Avoidance radius %
.4
al.
A|4f 23
Boidance - context | problem | implementation and results | outcomes and discussion s



Genetic Algorithm

Genetic Algorithm characteristics:

e Agents

e Fitness function
e Parent selection
e Mutation

Research application
e Optimization

(@) @ A Genetic Diversity

@]
0
® _ o
&)
D. Reproduce

Clone & Mutate
Survivors

AN

Create Initial
Population

Next

C. Selection
Kill Unfit Networks
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B. Evaluate
Fitness
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@ netwvork @ Unfit Network @ Cloned Network

How to model biological systems of complex behaviors?
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How to enlarge dancer movement through developing the
kinesphere?

How to model biological systems of complex behaviors?

How to perform a dancer-flock interaction using virtual reality?

Boidance -blem | implementation and results | outcomes and discussion
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How to perform a dancer-
boids interaction using
virtual reality?

1. How to model biological systems of a Flock?




A®
v
Agent parameters ¢
Behaviors : o
> s N - 2
¥ -. ¥ -
“ A A A q ‘ A B C
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cohesion alignment avoidance D /K E ¥ F

Figure 2 - Base behaviors by Reynolds (1986) Figure 1.4. Boidance Behaviors

Genes

_ > | >
4 A A g
A A‘ t=1 t=2
Sight radius shape scale color Max speed
Avoidance radius
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Flocks Composite behaviors B
| 4
p
At each frame:
public override Vector3 CalculateMove(FlockAgent agent, List<Transform> context, Flock flock)
Context calculation — Complexity: O(n?), n number of agents
GENERIC  ‘Compuosite/Behavior EXAMPLE  Composite Behavior
behavior behavior behavior i
B v | | | |y e wstorbenavios Alignment Avoidance | |Stay in Radius
'y 'Y Y :
—=1 1 -t K 4 B ‘ R of ghers » 0o Elistofbehaviors
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Flock “Plasmid” Genetic Algorithms parameters 3
BiOiﬂSDiFEd by natural transformation Gregory J. Stewart and Christopher D. Sinigalliano (1990) ’
Plasmid Parameters . ‘. ‘¢
e Mutation rate Y W,
e Mutation range " b .« s - :
e Insertion rate
e Elitism threshold b
e Lerp function ‘ W S E g
; 5 ||, e <
Available Plasmids .
Figure 1.6: Sketch of plasmid genetic algorithm ﬂ'
Transformation radius = sight radius < <
e ColorPlasmid 4
° Speed Plasmid Context calculation — Complexity: O(n?), n number of agents r’
::» 29
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Generating flocks lead to reach flock equilibriums G
A B C "
>0
3
\?5:& Q\P & Q-(bb
qf N\bﬂ} ‘06%\ 4!\\
oy O o
System1l | 1 50 1 1
System2 |50 1 1 1
System3 | 1 1 50 1
System4 | 1 5 20 2
Table 1
<4
4
Gif of system 2 47
4£‘
Emergence of collective dynamical f
Figure 1.5-120 elements behavior :fA; 30
. .
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o . . i‘
Flock behaviors rely on the interdependence between genetic v
and boids algorithms "y
Genetic algorithm Fitness curve
depends on Composite Behavior & .
parameters S & g
& Es femaM AP Y
o O & B = /"/ d sl Y
oy o o el €
—— System1| 1 50 1 1 e, A “""‘W‘Mm
System2 [50 1 1 1 Z /
System3 | 1 1 50 1 " - iy
System4 | 1 5 20 2 /
Table 1 - Figure 1.7 - 120 agents number of frames
Boids equilibrium depends on . RS
Plasmid Genetic Algorithm & & F 1
F P FFE Q“
Plasmid Color | 001 0.1 1 0 0.8 1
Plasmid Speed | 0.01 x 1 0.6 0.8 ’,
x =0.01 (A); 0.1 (B); 0.2(C); 0.3 (D); 0.4 (E) . 1':' ’
. '
Table 2 - Figure 1.8 - 120 agents A::._ 31
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How to perform a dancer-
boids interaction using
virtual reality?

2. How to enlarge dancer movement through
developing the kinesphere?
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Development of desktop interface

Spectator ] Show Dancer ] Show ]

Development of a i P —

desktop and a VR user
interfaces Boids Genes add VR/Boids interaction G

I VRinput  BehaviorTarget Sttt End .  H

e View parameters -
e Gene panel =] %:E
e Behavior panel s i | 5
e Plasmid panel p—— o .e §
e VR action panel L
e Interactions panel
e Saving panel

BOIDANCE

Figure 2.1 : Desktop Interface :::, 34
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Desktop Interface creates VR Action to interact with the Flock in VR T
Pl
EXAMPLE User / VR interface GENERIC User Action / Composite Behavior Interaction

Fright hand|fleft hand|T headset | ees

*

Press Grip *Press Trigger *Trigger Depth
{0, 1} {o, 1} [0, 1]
o 1 2 L 0 = 05 =1
#humb Position * Position * Speed
: e o e e
-xx St)e(’l 1VI? (r o4 Ke)“' i (xl Y Z)
v yeL Vs F B ek

list of devices

list of user action

Device Composite weight

user action 2
x € [a,b] "L_j lerp ,
T Tr e

—> value = y

o

a,b :
Device+Action 0 [ [ ! ] "./4 behavior name

Figure 2.2: VR Action

Robust and customizable
Unity XR Input API
Use of C# reflection
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The software opens the field of possibilities for the choreographies andto 4%,

create a unique performance

Body extension
Preferences
e Speed plasmid high variability
e Avoidance, Alignment, Cohesion,
Follow hand (right left)
e Increase follow when pressing
trigger

— Show local Kinesphere of the dancer
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Preferences
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Conclusion

e Aboidanda genetic algorithms were developed to simulate complex behaviors found
in biological flocks.

e Flocks adopt behaviors that lead to equilibriums, relying on the interdependence
between genetic and boids algorithms.
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Conclusion

e Boidanceallows to enlarge the dancer kinsphere through:
o the development of user VR/Desktop interfaces permitting two users to change
initial preferences if wanted, on the fly
o The bidirectional interactions (according to the type of choreography) between
the dancer and the flocks, allowing the dancer to play with the flocks as it was a
living organism or body extension
o The number of possible choregraphies and switch between them

38
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Experimentation Performances
e More dance theory e Audience interaction
o Shape, body, effort... e Virtual and Real performances
> Cunningham theory e Mixed Reality movies
e Learning tool
e Equilibrium and Dance
e Create a flock movement
ic?
analysis? <
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Quaternion A%

Phr
W X Y Z >
CFrame.new(0,0,0,0,1,0, 1) ‘4
49
Blend between 180 degrees ‘,"<

on Y and unrotated .

1’

https://scriptinghelpers.org/blog/how-to-think-about-quaternions ‘z‘
M‘f 40
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Previous exploration in Dance and VR SN

é FIlM FESTIVM
2018 OFF c AL SELECTION

BT Ay oo https://www.ceciliasweetcoll.com/anicca-vr

<
4
4.9
4‘ﬁ<
Previous exploration in Dance and boids Lo
Jean-Francois Le Maréchal, Eric Bertin, and Michel Hallet-Eghayan. Science and dance collective motions. page 11. (2009) . f
:i» 41
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Choreography "
| 4

Varna chryssa (2013)

Semi planned Improvised
Planned choreography choreography choreography
e Rules as reaction to e Open space
e Automaton input (choreographer e Setof open
or other dancer) constraints
e choice
<
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Boids Genes
Boids Genes

target
value

P match maitch

Max 15 match Match g Match
Speed - Speed - Right

name options

Match left Right

Sight 0.03 Avoids
Radius B Radius

] Match
|
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Plasmid

Chromosormal DNA F plasmid Chromosamal DNA

Donor Recipient

2.
3
Relax bsom#ransferasome
F plasmid F plasmid
Pilus
4. “
Pilus

Old donor New donor

From wikipedia - Pilus
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Some Dance Theory?

ﬁ ‘ e Von Laban
Z_}F e Gilles Jobin
o R R ig (@) VR theater

Merce Cunningham
o Artstandalone in same place
o Strategy of chance and randomness
o Show dance through screen

Kinesphere
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https://twitter.com/biolocousb/status/1297403

469096198144
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First contact with Boidance

User
Interaction

Multi-Experience
Setup

element group
around the
center of the
room

Observation Behavior
Equilibrium Interaction
Observe 150+ Change the stay

in radius weight
from 1 to 0 using
both trigger

Press left trigger
to make the
boids follow the
left hand
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+ Match
vertical left
hand axis

+ Match
speed

+ Match
color
wheel

+ Follow left
hand

+ D4épth
speed

+ Match
shape
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Unsolved problems

Scroll wheel doesn't work with Screen Space

overlay + XRUI Input Module

https://answers.unity.com/questions/1752354

/scroll-wheel-doesnt-work-with-screen-space-

overlay.html
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131 People are following this question.
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