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11:10-13:00 EvoMUSART 1 : Evolutionary Art  
 
chair: Colin Johnson 
 

11:10-11:35 Exploring the Visual Styles of Arcade Game Assets,  
Antonios Liapis 
This paper describes a method for evolving assets for video games based on 
their visuals properties. Focusing on assets for a space shooter game, a 
genotype consisting of turtle commands is transformed into a spaceship image 
composed of human-authored sprite components. Due to constraints on the 
final spaceships' plausibility, the paper investigates two-population constrained 
optimization and constrained novelty search methods. A sample of visual styles 
is tested, each a combination of visual metrics which primarily evaluate balance 
and shape complexity. Experiments with constrained optimization of a visual 
style demonstrate that a visually consistent set of spaceships can be 
generated, while experiments with constrained novelty search demonstrate that 
several distinct visual styles can be discovered by exploring along select, or all, 
visual dimensions. 
 
11:35-12:00 "Turingalila" Visual Music on the theme of Morphogenesis 
Terry Trickett 
Alan Turing’s paper ‘The Chemical basis of Morphogenesis’, written in 1952, is 
a masterpiece of mathematical modelling which defines how self-regulated 
pattern formation occurs in the developing animal embryo.  Its most 
revolutionary feature is the concept of ‘morphogens’ that are responsible for 
producing an almost limitless array of animal and fish markings.  Turingalila, a 
piece of Visual Music, takes morphogenesis as its theme.  The diversity of 
forms evident in my projected images are based on just two Turing Patterns 
which are ‘perturbed’ to reveal processes of self-organisation reminiscent of 
those found in nature.  A live performance of Turingalila forms the focal point of 
my oral presentation.  It is prefaced by an examination of how artistic potential 
has been unleashed by Turing’s biological insights and concludes with 
comments on how Turing’s ideas are exerting an ever increasing impact in 
today’s world. 
 
12:00-12:25 Iterative Brush Path Extraction Algorithm for Aiding Flock Brush 
Simulation of Stroke-based Painterly Rendering 
Tieta Putri and Ramakrishnan Mukundan 
Painterly algorithms form an important part of non-photorealistic rendering 
(NPR) techniques where the primary aim is to incorporate expressive and 
stylistic qualities in the output. Extraction, representation and analysis of brush 
stroke parameters are essential for mapping artistic styles in stroke based 
rendering (SBR) applications.  In this paper, we present a novel iterative 
method for extracting brush stroke regions and paths for aiding a particle 
swarm based SBR process.  The algorithm and its implementation aspects are 
discussed in detail.  Experimental results are presented showing the painterly 
rendering of input images and the extracted brush paths.  
 
12:25-12:50 Fitness and Novelty in Evolutionary Art 
Adriano Vinhas, Filipe Assunção, João Correia, Penousal Machado, Aniko 
Ekárt 
In this paper the effects of introducing novelty search in evolutionary art are 
explored. Our algorithm combines fitness and novelty metrics to frame image 



evolution as a multi-objective optimisation problem, promoting the creation of 
images that are both suitable and diverse. The method is illustrated by using 
two evolutionary art engines for the evolution of figurative objects and context 
free design grammars. The results demonstrate the ability of the algorithm to 
obtain a larger set of fit images compared to traditional fitness-based evolution, 
regardless of the engine used. 
 
12:50-13:00 Animating Typescript Using Aesthetically Evolved Images 
Ashley Mills 
The genotypic functions from apriori aesthetically evolved images are mutated 
progressively and their phenotypes sequenced temporally to produce animated 
versions. The animated versions are mapped onto typeface and combined 
spatially to produce animated typescript. The output is then discussed with 
reference to computer aided design and machine learning. 

 
 
14:00-15:50 EvoMUSART 2 :  Mostly Evolutionary Music  
 
chair: Vic Ciesielski 
 

14:00-14:25 Augmenting Live Coding with Evolved Patterns 
Simon Hickinbotham and Susan Stepney (Best Paper Candidate) 
We present a new system for integrating evolvutionary processes with live 
coding. The system is built upon an existing platform called Extramuros, which 
facilitates network-based collaboration on live coding performances. Our 
evolutionary approach uses the Tidal live coding language within this platform. 
The system uses a grammar to parse code patterns and create random 
mutations that conform to the grammar, thus guaranteeing that the resulting 
pattern has the correct syntax. With these mutations available, we provide a 
facility to integrate them during a live performance. To achieve this, we added 
controls to the Extramuros web client that allows coders to select patterns for 
submission to the Tidal interpreter. The fitness of the pattern is updated 
implicitly by the way the coder uses the patterns. In this way, appropriate 
patterns are continuously generated and selected for throughout a 
performance. We present examples of performances, and discuss the utility of 
this approach in live coding music. 
 
14:25-14:50 Computer-Aided Musical Orchestration Using an Artificial Immune 
System 
José Abreu, Marcelo Caetano and Rui Penha (Best Paper Candidate) 
The aim of computer-aided musical orchestration is to find a combination of 
musical instrument sounds that approximates a target sound. The difficulty 
arises from the complexity of timbre perception and the combinatorial explosion 
of all possible instrument mixtures. The estimation of perceptual similarities 
between sounds requires a model capable of capturing the multidimensional 
perception of timbre, among other perceptual qualities of sounds. In this work, 
we use an artificial immune system (AIS) called opt-aiNet to search for 
combinations of musical instrument sounds that minimize the distance to a 
target sound encoded in a fitness function. Opt-aiNet is capable of finding 
multiple solutions in parallel while preserving diversity, proposing alternative 
orchestrations for the same target sound that are different among themselves. 
We performed a listening test to evaluate the subjective similarity and diversity 
of the orchestrations. 
 
14:50-15:15 MetaCompose: A Compositional Evolutionary Music Composer 
Marco Scirea, Julian Togelius, Peter Eklund and Sebastian Risi (Best Paper 
Candidate) 



his paper describes a compositional, extensible framework for music 
composition and a user study to systematically evaluate its core components. 
These components include a graph traversal-based chord sequence generator, 
a search-based melody generator and a pattern-based accompaniment 
generator. An important contribution of this paper is the melody generator 
which uses a novel evolutionary technique combining FI-2POP and multi-
objective optimization. A participant-based evaluation overwhelmingly confirms 
that all current components of the framework combine effectively to create 
harmonious, pleasant and interesting compositions. 
 
15:15-15:40 Evolving Atomic Aesthetics and Dynamics 
Edward Davies, Phillip Tew, David Glowacki, Jim Smith and Thomas Mitchell 
(Best Paper Candidate) 
The depiction of atoms and molecules in scientific literature owes as much to 
the creative imagination of scientists as it does to scientific theory and 
experimentation. danceroom Spectroscopy (dS) is an interactive art/science 
project that explores this aesthetic dimension of scientific imagery, presenting a 
rigorous atomic simulation as an immersive and interactive installation. This 
paper introduces new methods based on interactive evolutionary computation 
which allow users - both individually and collaboratively - to explore the design 
space of dS and construct aesthetically engaging visual states. Pilot studies 
are presented in which the feasibility of this evolutionary approach is discussed 
and compared with the standard interface to the dS system. Still images of the 
resulting visual states are also included. 
 
15:40-15:50 Evolving L-systems with Musical Notes 
Ana Rodrigues, Ernesto Costa, Amílcar Cardoso, Penousal Machado and 
Tiago Cruz 
Over the years researchers have been interested in devising computational 
approaches for music and image generation. Some of the approaches rely on 
generative rewriting systems like L-systems. More recently, some authors 
questioned the interplay of music and images, that is, how we can use one type 
to drive the other. In this paper we present a new method for the algorithmic 
generations of images that are the result of a visual interpretation of an L-
system. The main novelty of our approach is based on the fact that the L-
system itself is the result of an evolutionary process guided by musical 
elements. Musical notes are decomposed into elements -- pitch, duration and 
volume in the current implementation -- and each of them is mapped into 
corresponding parameters of the L-system -- currently line length, width, color 
and turning angle. We describe the architecture of our system, based on a 
multi-agent simulation environment, and show the results of some experiments 
that provide support to our approach. 
 
 

17:00-18:50 EvoMUSART 3 : Style and Aesthetics  
 
chair: João Nuno 
 

17:00-17:25 Grammatical Music Composition with Dissimilarity Driven Hill 
Climbing 
Róisín Loughran, James McDermott, Michael O'Neill  
An algorithmic compositional system that uses hill climbing to create short 
melodies is presented. A context free grammar maps each section of the 
resultant individual to a musical segment resulting in a series of MIDI notes 
described by pitch and duration. The dissimilarity between each pair of 
segments is measured using a metric based on the pitch contour of the 
segments. Using a GUI, the user decides how many segments to include and 
how they are to be distanced from each other. The system performs a hill-



climbing search using several mutation operators to create a population of 
segments the desired distances from each other. A number of melodies 
composed by the system are presented that demonstrate the algorithm's ability 
to match the desired targets and the versatility created by the inclusion of the 
designed grammar. 
 
17:25-17:50 A Comparison Between Representations for Evolving Images 
Alessandro Re, Mauro Castelli and Leonardo Vanneschi 
Evolving images using genetic programming is a complex task and the 
representation of the solutions has an important impact on the performance of 
the system. In this paper, we present two novel representations for evolving 
images with genetic programming. Both these representations are based on 
the idea of recursively partitioning the space of an image. This idea 
distinguishes these representations from the ones that are currently most used 
in the literature. The first representation that we introduce partitions the space 
using rectangles, while the second one partitions using triangles. These two 
representations are compared to one of the most well known and frequently 
used expression-based representations, on five different test cases. The 
presented results clearly indicate the appropriateness of the proposed 
representations for evolving images. Also, we give experimental evidence of 
the fact that the proposed representations have a higher locality compared to 
the compared expression-based representation. 
 
17:50-18:15 An Evolutionary Composer for Real-Time Background Music 
Roberto De Prisco, Delfina Malandrino, Gianluca Zaccagnino, Rocco 
Zaccagnino 
Systems for real-time composition of background music respond to changes of 
the environment by generating music that matches the current state of the 
environment and/or of the user. In this paper we propose one such a system 
that we call EvoBackMusic. EvoBackMusic is a multi-agent system that exploits 
a feed-forward neural network and a multi-objective  genetic algorithm to 
produce background music. The neural network is trained to learn the 
preferences of the user and such preferences are exploited by the genetic 
algorithm to compose the music. The composition process takes into account a 
set of controllers that describe several aspects of the environment, like the 
dynamism of both the user and the context, other physical characteristics, and 
the emotional state of the user. Previous system mainly focus on the emotional 
aspect.  EvoBackMusic has been implemented in Java using Encog and 
JFugue, and it can be integrated in real and virtual  environments. We have 
performed several tests to evaluate the system and we report the results of 
such tests. The tests aimed at analyzing the users' perception about the quality 
of the produced music compositions. 
 
18:15-18:25 Correlation Between Human Aesthetic Judgement and Spatial 
Complexity Measure Mohammad Ali Javaheri Javid, Tim Blackwell, Robert 
Zimmer, Mohammad Majid al-Rifaie 
The quantitative evaluation of order and complexity conforming with human 
intuitive perception has been at the core of computational notions of aesthetics. 
Informational theories of aesthetics have taken advantage of entropy in 
measuring order and complexity of stimuli in relation to their aesthetic value. 
However entropy fails to  discriminate structurally different patterns in a 2D 
plane. This paper investigates a computational measure of complexity, which is 
then compared to a results from a previous experimental study on human 
aesthetic perception in the visual domain. The model is based on the 
information gain from specifying the spacial distribution of pixels and their 
uniformity and non-uniformity in an image. The results of the experiments 
demonstrate the presence of correlations between a spatial complexity 
measure and the way in which humans are believed to aesthetically appreciate 



asymmetry. However the experiments failed to provide a significant correlation 
between the measure and aesthetic judgements of symmetrical images. 
 
18:25-18:35 Towards Adaptive Evolutionary Architecture 
Sebastian Hölt Bak, Nina Rask, Sebastian Risi 
This paper presents first results from an interdisciplinary project, in which the 
fields of architecture, philosophy and artificial life are combined to explore 
possible futures of architecture. Through an interactive evolutionary installation, 
called \emph{EvoCurtain}, we investigate aspects of how living in the future 
could occur, if built spaces could evolve and adapt alongside inhabitants. As 
such, present study explores the interdisciplinary possibilities in utilizing 
computational power to co-create with users and generate designs based on 
human input. We argue that this could lead to the development of designs 
tailored to the individual preferences of inhabitants, changing the roles of  
architects and designers entirely.  \emph{Architecture-as-it-could-be} is a 
philosophical approach conducted through artistic methods to anticipate the 
technological futures of human-centered development within architecture. 
 
18:35-18:45 Plecto: A Low-level Interactive Genetic Algorithm for the Evolution 
of Audio 
Steffan Ianigro and Oliver Bown 
The creative potential of Genetic Algorithms (GAs) has been explored by many 
musicians who attempt to harness the unbound possibilities for creative search 
evident in nature. Within this paper, we investigate the possibility of using 
Continuous Time Recurrent Neural Networks (CTRNNs) as an evolvable low-
level audio synthesis structure, affording users access to a vast creative search 
space of audio possibilities. Specifically, we explore some initial GA designs 
through the development of Plecto (see www.plecto.io), a creative tool that 
evolves CTRNNs for the discovery of audio. We have found that the evolution 
of CTRNNs offers some interesting prospects for audio exploration and present 
some design considerations for the implementation of such a system. 


