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VWho | am

Somewhere between:

a researcher gone horriply astray

and

a Sllicon Valley software engineer who dabbles in research.
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And now a word from our sponsor. ..

g matterport

D Showecase



https://my.matterport.com/show/?m=LXLPMqPmPyk

INTERESTS

* Since childhooad:;

» complex motion: collective motion, fluid flow
» animal behavior
» evolutionary design / optimization

» closing the loop of graphics and vision
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* triple-| and Playable Media
» Symbolics » Staples SparX

e Electronic Arts « Matterport




* behavioral animation

BIO by TOPICS

» procedural animation * genetic algorithms

» feature films (CGI/SEX)  « stigmergy /
collective construction

. collective behavior * texture synthesis

* mesh/cloud algorithms ¢ camouflage

* games / game Al » graphics/vision duality
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BOIDS



AGEN [-BASED FLOCKING

» Questions | wondered about as an undergraduate:
» How do bird flocks work?
+ Can we simulate them!?
 (Can we base this model on individual birds!

» (Can a flock emerge from local bird behavior?



[ hought experiments based on personal experience
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~ormal analysis may have been applicable.

But as software geek “there Is only one way

O be sure.’

needed an empirical demonstration, in the

orm of an animated graphical simulation.

Portion of original boids

implementation, in Lisp, on
a Symbolics Lisp Machine:

(defmethod (:AVOIDANCE-FOR-FLOCKMATE BOID-BRAIN) (flockmate)
(if (eq flockmate self)
(values @ 0 @)
(vlet* ((its-center (send flockmate :global-center))
(my-center (send self :global-center))
(seperation (3d-vector-sub my-center its-center))
:scaler
(threshold (send self :flockmate-avoidance-threshold))
(exponent (send self :flockmate-avoidance-exponent))
(distance-squared (magnitude-squared seperation)))
(if (> distance-squared
(* threshold threshold))
(values @ 0 @)
(vlet* ((local-seperation (localize-direction seperation self))

:scaler

(distance (3d:fast-sqrt distance-squared))
(relative-distance (// distance threshold))

(repulsion (expt-non-neg (- 1 relative-distance) exponent))
(strength (send self :flockmate-avoidance-strength))
(factor (* strength (// repulsion distance))))

(if (zerop distance)
(values @ 0 @)
(3d-vector-scale factor local-seperation)))))))

(defmethod (:VELOCITY-MATCHING BOID-BRAIN) O
(vlet* ((target-global (send self :nearby-velocity))
(target-local (localize-direction target-global self))
(current-local (send self :local-velocity))
(difference (3d-vector-sub target-local current-local))
(trimmed-goal (truncate-magnitude difference)))
;3 This might want to be done in :choose-course. A value of 1.0 was very unstable, the
;3 boids would just flutter around erratically, while a value of 0.1 had very little effect. A
;3 value between 0.2 and 0.3 seems to do the right thing. It is interesting that the performance
;3 1S so non-linear.

)
(let ((strength (send self :velocity-matching-strength)))
(3d-vector-scale strength trimmed-goal))))

(defmethod (:NEARBY-VELOCITY BOID-BRAIN) (&optional (objects (send self :nearby-flockmates)))

;3 Note this this currently uses uniform weighting. It should be center/forward weighted.

(let ((threshold (send self :velocity-matching-threshold)))
(flet ((velocity (object) (send object :global-velocity))
(nearby-p (object) (send self :nearby-p object threshold)))
(average-3d-vector-values objects #'velocity #'nearby-p))))

e ‘W




| 986 boids motion test, as screen

orabs from a Sy
Includes additio

» flocking
* separation
» alisgnment
* cohesion
¥ haek

Mmbolics

nal behaviors:

* oDstacle avoldance

isp Machine.

Boids B on You lube



https://www.youtube.com/watch?v=xBniZYiyrb4




Stanley and Stella in Breaking the Ice
987

Symbolics, Inc.

IN assoclation with

Whitney / Demos Productions 04 orYouTieE



https://www.youtube.com/watch?v=3bTqWsVqyzE

SYMBOLICS

GRAPHICS DIVISION
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final | 2k fish on youtube

| time boids on Playstation3 — about 10,000 at 60Hz — PSCrowd, 2006



https://www.youtube.com/watch?v=ZZoy-8xK0YI
http://www.apple.com







Returning to that key concept of neighborhood...
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cvolution of neighborhood definrtion In tflocking models

entire flock

sphere - cone
spherical sector

<ININ
N sector

NN
(k=4)
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DUCTILE FLOW



Adaptive Polyhedral Resampling
for Vertex Flow Animation

» Allow 3d geometric models to advect in flow fields

» Adjusts vertex density to keep consistent sampling

» 1991 paper rejected by SIGGRAPH, draft on web

» Now crted by two subsequent SIGGRAPH papers!



fixed geometry

adaptive subdivision



splitting a long edge and 1ts two adjacent triangular faces

“unsubdivision” — collapsing a short edge




w

-

polygons
triangles

L
=
d | | |
;!
I .
™
e
5 A ;
y 4 Vavavewaewaew
dd 4) :'av.v.-‘:' >
i =§b":::::'¢v‘b"" N
= 5 ~ S
o Ky L X raTaTa e
’ N/ Ak 4k 45 R fal o ¥, « " "".,“"~"
4)00“0(’“’(0 \ 0‘ s :vq 35‘)'1):":!;"‘\{
.q."av‘)‘bdb4 4 .*'ﬂ‘»'., R
‘. " "A.“’ ‘. " ' . ‘:"".’J". ﬁ“ﬁ‘ “L s
PO EVAY A8 45 4 : R e
: = H AN T L 40
i avravavalt ) o ]
() AVAYAVAVAY. %9 s X A
4 AT AYAVAY, o " 0 . 'o..g,’.‘-..'.-;
: LAY aAraw, AV A A ) -
- AvAvAvaval ’0‘: TaTavall
\ r— v asie
1 ~
-
39
H ::"." -
L " . 4,.¢-.
v"f‘-&’:'."'f.w":’.
A 3 I AN v,
", . Sor e LA
R e 43 ‘
'- ‘.osv"'qr'(’:
S ar WA ‘::
Sy e
' . W e, q;-:
.-:’u,‘c;'::‘.-.‘»,;.,.:q
L Sarp A Tas AR
- <5 "“"
-1 . &‘.' :’.:' ] "eb‘.v " .
oy ';"7:."‘;' "':'”'\';"‘ﬂ:r *
LN ‘-' . ‘b:o r
A":‘:.'..z’:"?:‘:tv‘a ;’e“';:;‘":
Ly Ay, “’5""45‘4"5
3 "')-‘ ”l




ally Yours

Virtu

motion test of “flow sculpture”

iEomEN 2 Elsonts



(full video on

S_

1l from

DuC
my web site

lle Flow

T you are interested)






S IGMERGY:
COLLECTIVE CONSTRUCTION



STIGMERGY

» Unpublished work 2009-2010

» Inspired by stigmergy In social insects

» Crowd model based on emergent teamwork

» Create large glo

bal structures with sim

dle local rules




two termite cathedral mounds in the Northern lerritory of Australia

CC 2005 Ray Norris via Wikimedia



L |

2008 stismergic multi-agent mound-building simulation




2008 stismergic multi-agent mound-building simulation




Emergent teamwork: tower construction

foraged clearings

ohost towers




Proposed stigmergic wall-building scenario.



Proposed stismergic wall-bullding scenario:
wall following to construction site.




Proposed stignr
two robots carry a

ergic wall-

orick, recal

\

bullding scenario:

INg recent work sites






INTERACTIVE EVOLU TION
OF CAMOUFLAGE



INnteractive tvolution
of Camouflage

» Abstract model of camouflage evolution In nature.

* evolutionary computation: genetic programming

* computer graphics: procedural texture synthesis

* hybrid system: human vision “in the loop”



cvolved camouflage




cvolved camouflage

100 pixels 200 pixels




cvolved camouflage




Cohort of ten prey with evolved camouflage over a photographic
background of natural texture. In this case: polished serpentine stone.



Coevolutionary System:

e

prey camouflage

predator vision



N nature:

e

prey camouflage predator vision

morphogenic evolution perceptual/cognitive evolution



Current version, hybrid of procedural and interactive:

e

prey camouflage predator vision

procedural texture synthesis human vision
with evolutionary optimization (learning search targets)



cventual goal, a fully procedural simulation:

e

prey camouflage predator vision

procedural texture synthesis computer vision
with evolutionary optimization convolutional neural nets



Camoutlage in Nature
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1ISSION

Peruvian Amazon

©2008 Dr. Arthur Anker;
used with perm
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Northern leopard frog (Rana pipiens), Southern leopard frog (Rana sphenocephala),
Michigan USA — (cc)2008 Kenneth Florida USA — (cc)2009 Gabriel Kamener,
Walny, used with permission used with permission




L eaf-talled Gecko (Uroplatus fimbriatus), Madagascar

©2009 Diana Bradshaw, used with permission
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Acacia tree and giraffe (Giraffa camelopardalis)
©2007 Martin Heigan, used with permission




Camouflage:
evolutionary computation



» Genetic Programming

* texture synthesis library

* Open BEAGLE (to be replaced by: Lazy Predator)

» Steady-state population — individual based model

* high elrtism

* not generations / moments in individual's life

* remain In population until “eaten’” by predator

* |nteractive cohort-based fitness



GP Crossover

a (b (5),c(2,d(12,4))) x (y (w (6, 2), 3),z(9))

a (b (5),c(2,d (12, 4))) x (y (w (6, 2), 3),z(9))

a (b (5),c(2,y((w(62)3)))



Population divided Into 4 demes




4 demes of 30 individuals




cohorts, migration, elitism




Camouflage:
Jdser interaction and GU|



Click Start Step

Start of
“camouflage

came’ for one
cohort of 10
evolved prey.
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Session Execution
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Session Execution
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Session Execution
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Session Execution

Exit ) 4 ’ >

Session Step

Predator
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Click Start Step

End of

‘camouflage
game’ for one
cohort of 10

evolved prey.
D prey have
been eaten,

and 5 survive.




TYPICAL RUN

« 000 cohorts—sometimes 2000 or more

« 0,000 individuals fitness tested

» 33 “generations’ In traditional GA/GP (pop=120)

» 5000 mouse clicks by human predator

» 3 hours of steady work—spread over several days




Camoutlage: results



Serpentine
(polished stone)









Flowers and leaves

(lantana montevidensis In my backyard)
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My neighbor's hedge









Beach Pebbles












[ hank You!

contact information:
cwr@Qred3d.com
http://www.red3d.com/cwr/
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