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| am a computational designer.
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| am a computational designer.

| am a researcher at the Computational Design
and Visualization lab, Centre for Informatics
and Systems of the University of Coimbra.
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| am a computational designer.

| am a researcher at the Computational Design
and Visualization lab, Centre for Informatics
and Systems of the University of Coimbra.

| am a lecturer at Department of Informatics
Engineering of University of Coimbra.
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Generative Design and Visual Art
New Media Art

Artificial Intelligence

P. Machado and T. Martins
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Use of Artificial Intelligence to generate new visual artefacts.
Propose novel tools to go beyond existing options.

Explore vast spaces of unique designs through evolutionary
computation.

CDV Lab. / CISUC
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(Generating
letters

Co-authored with Joao Correia,
Ernesto Costa, and Penousal Machado

P. Machado and T. Martins
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Artificial Creativity and Art Generating letters

Context

- Typefaces are essential in several design domains;

- Continuous creation of new custom typefaces;

- Designing a typeface is a laborious task;

- Existing computational tools offer little support to design exploration;

- Demand for tools that enable the quick generation of glyph designs.

P. Machado and T. Martins

CDV Lab. / CISUC
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Generating letters

P. Machado and T. Martins
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CHARACTERS | a b d g o r X
A A A AN A A
—~ aasla bbbb dd gg 0oe rr xx

Characters and glyphs
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Generating letters
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Lo g e oo B LDy e R o e P e L R e e g Ly
bt by i o R D g e e o R R L R e e R g L
W b L b R el G L R e e b Rl R L) R L Rl L LA
TERNENITRTIRTEREapWy TTRTTgsapuEiny T gcipsapiijsaiaa pRNpc g FARINEE
TTRTRRIT) TR TR Sa Sy TPy S QAR R IR L af <SR U Rafaaf < JEQRTTRTN]CS
TR TR T Rsalcalcay MTRc st yTrg M Rial 2 QNN RsalcafiaRcal TTRTNIES
bl bk L d R L [ O Ly Ll D) ind g it nld R L) FX Fr A L b il fx
W ke WLy R b R R Lo ad P L e Lol L) R EDT ek L) Rk LR
SURNE NN TR TEREaRc TR TTRaspcop sy I Beagca N NsaRaa YR TR INRTTEES
Lt g e o Frd e P A e Ll f ) g R e [ g L
TEEERE TR TRY FTRcaR<S I UT) [T RUEESE Py I QeaNEuR i cagaa Tt NIAN FARTT IS
L b L g Lo R by L g i e R e L R (] [ e e LR
L b L Ly b ] ] b L L g g bl [ e L) R ] ] e b L
Cr] e g s g frd g e g e vy Lo P et ) Y e oo L R
) v g ey b [ el b et e el it L P e Ly B e e e
Cr by o oo fod el b e b L (e e L) ) p e bt L i
Lo e by o g Rl b Lot e L g L) o L ) R ] e L R
L) et LN L) b L] o] Lo b s R e ) Fd i o R e e g
L) bt LA Ly ) A g i g B g g ) e Ry e S L
L o Ll e g by O e b ey ket L0 00 L T R e S0 Ly b
Lo b Lol Lo g ey Pl i i s L o R Fed Lot bt P e S0 W
Lo b L Ly g e ] b g e g o)y B L L) R ] QO L W R
L ey Loty g b g e g e g g L) B ) e o L e
L e Loty g b [ L o) e o L g L Foy o b R e o L R
L1y et L0 LLd R Ly o e v Lo g g b o L L Fd e & Ly b R
Lo b by L e Ry Rl Loy b by g L g ) i L L Y e & L i
W oy b by e e kg e e g e ) B L L R o] S L L
W Lo by i g P g g g e L by g R L L R pd S L Ly
ITRERNITRITRINY TR SARUERUINTTESSRaERTR RS o) /5 gV RT N ad FEA QUG REIRTE | &
W oy oo oo e g o o e g o R e LR e S R L )
W L L L oo R R ) P~ o B g e b R
W Lo L L e g e g b g R e W e P ] LU E ] R L
Ly e g g e g R oo o R g b R gy e e e g Ly
L b g e b e g Ly g oo B e g b P e e e g
Y o Ly i i Brd v g g R e o L B R g R e e g g
Frd b Lo g b b o] g b f e g L R LA R pd e R L
b L g g R b L R e L R R L) ] e e T e
CaQEFNTEN TR T TERcay S 2 URR INRSARany FTRNEY /% Nea [NNRSANCA L] ca ) oL p 28
O b b g e P R g A e g b P R ) ) e e e
Cr] b Ly g o o] ] g R e g ) Py e g R ) e R L
R e iy g b [ L g o e b Lo L L Y R e R
CagT R Ry TR TA R TE R saycaR I TR ERNOSLE AN P R TARsapsapcafcaRrup Nl
Lo g g R e el R L R R ] e
SANTERERR TR TTRTERcaycaiINacy <2 s TR EFup =z NN RN aallcaRsufCapuy
L) o by Lo i oo B R i b o e e b R R ) R R oot R L
] o b L e o ) g A L e L) R R L F b o ] b L

Different glyphs for the letter E
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Screenshots of different computer
systems developed for Evotype
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Glyph for the letter E designed with
rubber bands in a grid of iron nails
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Video of the evolutionary process of Evotype
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Overview of Evotype
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LINE SEGMENT LINE SEGMENT
I I I I

{ [X1,Y1,Xx2,Y2,T]1, [X1,Y1,X2,Y2,T1], ...}

END END  THICK- END END  THICK-
POINT POINT  NESS POINT POINT  NESS

Genotype encoding

CDV Lab. / CISUC
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LINE SEGMENT LINE SEGMENT

END END  THICK- END END  THICK-
POINT POINT  NESS POINT POINT  NESS

_ O = O
oo &+~ O O
~
o O O O
~ “
o &&= O o0
b J
P NN B W
“

Mapping process from genotype to phenotype
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:0 ’ 0 ’ 0 ! 8 ! 3: ! LINE SEGMENT LINE SEGMENT
_1101610:1_1 ' I I |

- - [X1,Y1,X2,Y2,T], [X1,Y1,X2,Y2,T1, ..
:014’5’4’2:’ | || | L] | || | L_J
1,8,6,8,1. POINT  POINT NEss  POINT  POINT NESS.

Mapping process from genotype to phenotype
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LINE SEGMENT LINE SEGMENT

END END  THICK- END END  THICK-
POINT POINT  NESS POINT POINT  NESS

P, O = O
o +F= O O
~
o O O O
~ N
o &= O o0
P NN = W
“

Mapping process from genotype to phenotype
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LINE SEGMENT LINE SEGMENT

END END  THICK- END END  THICK-
POINT POINT  NESS POINT POINT  NESS

- O = O

CI):POO

OEHO?O

o - o

N
\

Mapping process from genotype to phenotype
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:0 / 0 / 0 / 8 d 3: ! LINE SEGMENT LINE SEGMENT
_1101610:1_1 ' I I |

- - [X1,Y1,X2,Y2,T], [X1,Y1,X2,Y2,T1, ...
:0’4’5’4’2:’ | || L | || L
1,8,6,8,1° S we o omme

Mapping process from genotype to phenotype
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N N NN M
Il 1 - I I
N N N NN
o v 00 Vv W
N N N NN
O g O T T
N N N NN
omw oo o
N N N NN
O O O O
1 1 L — L1
(.

N N N
e I e N ey B |
M 1 AN
N N NN
00 O & 0
N N NN
o O n o
N N NN
O O &
N N NN
O <1 O «
-

Crossover process
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N N N N M
| I I M
™l <1 € I T

N N N NN
(oo I Vp B o I Vp I Up )

N N N NN
O F O F

N N N NN
omw oo o

N N N NN
O O O O
-

N N N
M <« (N <
I e
00 O & 0
I e
o O n o
I e
O O & o
I N
O <1 O «
s —J L— L1
(-

Crossover process
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4
6
610141514_ ’

618141514:

{

’

~ ~ M

0,0,0,8,3]

~ ~ ~

o I o
~ ~
o v O

{

Crossover process
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1
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’
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0,0,0,8,3
1,0,6,0,1

0,4,5,4,2_ ’

1,8,6,8,1]

{

Crossover process
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Crossover process
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Mutation process
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}

0
6
4,5,2,6,2

}

Generating letters

0
6
4,5,2,6,2

Artificial Creativity and Art

Mutation process
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Generating letters

0
6
4,5,2,6,2
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Mutation process
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Generating letters

0
6
4,5,2,6,2

Artificial Creativity and Art

Mutation process
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\

SNoW (Sparse Network of Winnows)

P. Machado and T. Martins
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Evotype system
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/ = [
NI G
Ay L -7 L
Ax L Tt r L
AL Ztvr
AR L FEFL
ARLCJFEFLG
ABLCOEFLG
ABLOEFLG

\

LGN SN

I T T 1L 1
— — e— e e e s o

s/ VN

S X v v\ O
X L NN

y X LMD
J X NN D
NN D
MiN D -
MiND P

MiNDF

VAR

YRR

— = = =

X X X X

r r r r r
v o\ g\

£ L0 0 < <) K

Best individuals of each island for different
generations from a typical run

p Y IR v I v IR VIR VIR VIR VIR VI

P. Machado and T. Martins

b
v X
~ U
OO I W
T uv
ST UV
ST UV
STUYV
ST UV

CDV Lab. / CISUC
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AL UEFZCH I ABCIYEF GWH
FKLMNOPQ IKILMNOP 2
x S TUVWwWwXYZ NSTUVWNXVY 7

ADCODEFGHILT PABTOEFGHI
I KLMNE 22 T ALMNOGP Y
RSTLUVWXYZ RSNTUVWNXY/

Examples of glyph designs evolved
in different evolutionary runs
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a-Nan Ec @D RE
IIB“ CL(ccC EEE
clcEe .y CUEEFES

C—o W Illi
°3 La le_l_LLE
ogsoljullh <t Im

Qeceoxs H”'D l":" M..I

.oOoFI"% Qs qul Ll
@O 15 AT
sosan ' T VWY

XX‘QZ!;;PF T WW
YY|Z? 2 Sﬂ::gzgg 89
s+ 283334

@G53

Found Fount by Paul Elliman

P. Machado and T. Martins
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SHAPE 0 CIIIIEED

wi d

(0,1,4,90,1,0), (1,3,2,-45,1,0), (1,3,4,-90,0.5,0)

‘ L MIRROR
SCALE

> ANGLE
> Y POSITION
> X POSITION
> SHAPE

o N o o1 A wWw N = O

Encoding example
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SHAPES GEN O > ALL CHARS > RANK 1
LOAD

SCAN

Ly
|-
my own shapes.svg
VIEW
GLYPH GRID

GENETIC INFO |

EVOLVE

SINGLE
BATCH
PAUSE
RESET

GLYPHS
EXPORT

GLYPH I

TYPEFACE CHARACTERS
POSTER A|BICIDIE|F[GIH]|TI|[J]|K|L[M|NJO[P|Q|R|S|[TJU|V | W]|X]Y
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Generating letters

Artificial Creativity and Art

CNN

RMSE

Hybrid

Typical glyphs evolved with Evotype Il
using different fitness functions
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Artificial Creativity and Art Generating letters
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00

stencilJessica | Processing 3.3.7

stencilCatarina | Processing 3.3.7

stencilJessica Stroker ° o

pg. strokeWeight (dist+0.2);
( i=8; i<(numLinhas= stencilCatarina Stroker
pg.line(x1-({numLinhas*dis

strokelap( i

n_times = floor(line_size / separator);

o g.strokeWeicht(stroke wi 3 ey
(tipo_traco .stro _E_1r 'Lft oke_width / 3f);
g.stroke(colour};

pg.strokelWeight(dist+0. _
.noFill 113

i <= n_times; i++) {
X = lerpixl, x2, 1 F { ) n_times);

sinalX=@; . x oma i < \
y = lerp(yl, ¥2, 1 / |( ) n_times);

fabs(yl=y2]

sinal¥=@] _
stroke_width * random(2f, 6f);

pg.pushMatrix();
pg.translate(x, v);
pg.rotate(radians(45));

pg.rect(-w/2f, -wf2fT, w, w);

PEg.popMatrix();

EM console A Errors
EM Console A Errors

Screenshots of Processing sketches to generate
shapes that replace the stencils' elements

P. Machado and T. Martins
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Co-authored with Joao Correia,
Ernesto Costa, and Penousal Machado
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Context
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Context

Computational face detection is widely used;

P. Machado and T. Martins
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Context

- Computational face detection is widely used:;

- Face detection classifiers can have limitations:
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Context

- Computational face detection is widely used:;

-  Face detection classifiers can have

-  Opportunity to evolve face images t

Imitations;

nat are not detected as such;

P. Machado and T. Martins
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Context

- Computational face detection is widely used:;

- Face detection classifiers can have limitations:

- Opportunity to evolve face images that are not detected as such;

- Explore the borderline between the real and the artificial.

P. Machado and T. Martins

CDV Lab. / CISUC
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Process of generating a new face image
using the X-Faces system
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Two face images from an existing dataset and
two new face images generated from them
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ANNOTATION
TOOL

Overview of X-Faces system
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Overview of X-Faces system
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ANNOTATION
TOOL

l

ANNOTATIONS
AND MASKS

N\

CLASSIFIER

Overview of X-Faces system
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Overview of X-Faces system

CLASSIFIER
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Overview of X-Faces system
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Screenshots of annotation tools
developed for X-Faces
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Encoding of evolving faces
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Recombination of faces using the seamless
clone algorithm by Pérez et al. (2003)
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Recombination of faces using the seamless
clone algorithm by Pérez et al. (2003)
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Recombination of faces using the seamless
clone algorithm by Pérez et al. (2003)
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Recombination of faces using the seamless
clone algorithm by Pérez et al. (2003)
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clone algorithm by Pérez et al. (2003)
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Different face parts Different combinations
on the same face
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Examples of face images evolved
in different evolutionary runs
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Interaction with the capturing box
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Development process
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Faces images shown in Portraits of No One installation
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Portraits of No One installation
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Installation Portraits of No One at Circulo de Artes Plasticas de Coimbra



Artificial Creativity and Art P. Machado and T. Martins CDV Lab. / CISUC 121



Artificial Creativity and Art P. Machado and T. Martins CDV Lab. / CISUC 122

(Generating
coins

(Generating
letters




Artificial Creativity and Art P. Machado and T. Martins CDV Lab. / CISUC 123

(Generating
coins

Co-authored with Amilcar Cardoso,
Fabio Gouveia, Joao Bicker, Joao Correia,
Joao Miguel Cunha, Luis Espirito Santo,
Nuno Lourenco, Penousal Machado,
and Sergio M. Rebelo
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Context

- National Press-Mint (INCM) invited us to create a coin designed by Al
about the “digital world”.
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Context

- National Press-Mint (INCM) invited us to create a coin designed by Al
about the “digital world”.

- The goal is to mint this coin.
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Design guidelines

- The coin should be what Al considers to be a representation of a Portuguese coin
about the “digital world.”
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Prompt: A coin about the digital world designhed by Al
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Prompt: A coin about the digital world designed by Al
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Prompt: A coin about the digital world desighed by Al




Artificial Creativity and Art Generating coins P. Machado and T. Martins CDV Lab. / CISUC 130

Design guidelines (cont.)

- The Al must be aligned with our view.
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Design guidelines (cont.)

- The Al must be aligned with our view.

- The Al must be aligned with the collection of INCM.
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Design guidelines (cont.)

- The Al must be aligned with our view.

- The Al must be aligned with the collection of INCM.

-  The two coin faces should be connected.



Artificial Creativity and Art Generating coins P. Machado and T. Martins CDV Lab. / CISUC 133

Concept

- One side is designed by Al for Humans and the other by Humans for Al.
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Concept

- One side is designed by Al for Humans and the other by Humans for Al.

- Both sides represent the same concept using a language adequate for
the target audience (Humans or Al).
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By Al for Humans
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Examples of images generated with NEvAr+TensorGP
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Images interactively generated with NEvAr+TensorGP using user-guided evolution
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Images automatically generated with NEvAr+TensorGP using aesthetic models
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complex painting of a coin
of a cyber world, black and
white, round, concept art,
centered, highly detailed

R
I l"‘i‘?,':'.'-

illustration of a coin of an
algorithm, black and white,
round, detailed,
symmetrical. sharp focus,
geometric art, smoaoth,
concept art

Evolve

Generating coins

digital drawing of a coin of a
cyber world, black and
white, round, beautiful,
asymmetrical, cinematic,
masterpiece

minimalistic image of a coin
of a cyber world, black and
white, round, lofi, elegant,
volumetric, sharp focus,
fantasy, symmetrical

digital oil of a coin of ai,
black and white, round,
beautiful, symmetrical,
metallic

clear blueprint of a coin of
an algorithm, black and
white, round, low constrast,
aesthetic, geometric, matte,
metallic, concept ar,
asymmetrical

oil of a coin of a network,
black and white, round,
symmeincal, geometric art,
generative art, cinematic

photo of a coin of a cyber
warld, black and white.
round, symmetrical, sharp,
metallic

digital illustration of a coin
of a network, black and
white, round, aesthetic,
sharp, lofi, generative art,
centered, masterpiece

image of a coin of a digital
world, black and white.
round, creative, fantasy,
high canstrast, smooth,
detailed. beautiful

Population of prompts being evolved in MetaPrompter

P. Machado and T. Martins

minimalistic image of a coin
of a cyber warld, black and
white, round, highly
detailed, lofi, high constrast,
geometric art. concept art,
smooth

b

AR
N

T
blueprint of a coin of ai,
black and white, round,
volumetric, creative,
generative art, detailed,
geometric, symmetrical

CDV Lab. / CISUC

sketch of a coin of a digital
warld, black and white,
round, highly detailed, low
constrast, 8k, centered

digital painting of a coin of
ai. black and white, round,
high constrast, highly
detailed. beautiful,
generative art, lofi. smooth
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By Humans for Al
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By Humans for Al

- Graphical representation of mathematical expression that generates
the image depicted in the other face.
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tan{max(suz(xor(alpha, frac{scalar(-2.204) ), alpha),or{or(xcr{powl(log(xor(scalar(-9.147) .oxr(xr.elpha))), if(mdist(max(alpha,div(scalar(-2.35) 1)) subiscalar(®.66) tan(=celexr(0.267))}).or(alpha,if r,
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of the evolved image selected for the coin
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tan(max (sub(xor (alpha,frac(scalar(-0.20
4))) ,alpha),or (or(xor(pow(log(xor(scala
r(-0.147),or(r,alpha))),if(mdist(max(al
pha,div(scalar(-0.350),r)),sub(scalar (0
.660) ,tan(scalar(0.267)))),or(alpha,if(
r,scalar(-0.413),frac(alpha))),abs(cos(
max (and (abs (alpha) ,alpha),add(sqgrt(alph
a),r)))))),and(or(exp(pow(sqrt(frac(min
(r,scalar(-0.670)))),r)),scalar(-0.479,
-0.479,-0.479)),scalar(-0.419))),xor (md
ist(alpha,if(alpha,tan(scalar(0.231)),s
grt(abs(r)))),frac(log(exp(frac(r))))))
,warp(scalar(-0.550),r,div(xor (pow(and(
alpha,r),pow(scalar(0.142,0.142,0.142),
warp(scalar(0.441),r,scalar (0.209,0.209
,0.209)))) ,pow(r,scalar(0.532))),xor(sc
alar(0.984),if(r,frac(or(if(if(cos(r),r
,scalar(0.302)),add(alpha,alpha),sin(al
pha)) ,alpha)),alpha)))))))
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Harmonograph drawing process
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Pendulum Rotary Harmonograph Results,

Karl Sims (2009)
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Generated harmonographs
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Harmonographs evolved to resemble letters
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Morph animation between different harmonographs
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What you will need

-  Computer
- Install Processing: processing.org

- Download these files: github.com/tiagofmartins/evolving-harmonographs
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