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Abstract: The aim of computer-aided musical orchestration
(CAMO) is to find a combination of musical instrument
sounds that approximates a target sound or a desired
timbral quality. 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. The
state of the art uses Genetic algorithms (GAs) to explore
the vast space of possible instrument combinations with a
fitness function that encodes timbral similarity between
the candidate instrument combinations and the target
sound. However, GAs tend to lose diversity during the
search, resulting in only one solution that commonly
corresponds to a local optimum because GAs cannot
guarantee to return the global optimum (i.e., the best
solution). Diversity results in the ability to provide the
composer with multiple choices when orchestrating a
sound instead of searching for one solution constrained by
choices defined a priori. Therefore, diversity can expand
the creative possibilities of CAMO beyond what the
composer initially imagined. This work uses an artificial
immune system (AIS) called opt-aiNet to search for
candidate orchestrations. Inspired by immunological
principles, opt-aiNet returns multiple good quality
solutions in parallel while preserving diversity. The
intrinsic property of maintenance of diversity allows opt-
aiNet to return all the optima (global and local) of the
fitness function being optimized upon convergence, which
translates as orchestrations that are all similar to the
target yet different from one another.
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1 INTRODUCTION

Orchestration refers to composing music for an orchestra
[Kendall 1993]. Initially, orchestration was simply the
assignment of instruments to pre-composed parts of the score,
which was dictated largely by availability of resources such as
the number and type of instruments available [Handelman
2012, Kendall 1993]. Later on, composers started regarding
orchestration as an integral part of the compositional process
whereby the musical ideas themselves are expressed [Rose
2009]. Compositional experimentation in orchestration arises
from the increasing tendency to specify instrument
combinations to achieve desired effects, resulting in the
contemporary use of timbral combinations [McAdams 1995,
Rose 2009, Abreu 2016]. The development of computational

tools that aid the composer in exploring the virtually infinite
possibilities resulting from the combinations of musical
instruments gave rise to computer-aided musical orchestration
(CAMO) [Carpentier 2006,2007,2010a,b, Hummel 2005,
Psenicka 2003, Rose 2009]. Most of these tools rely on
searching for combinations of musical instrument sounds from
pre-recorded datasets to approximate a given target sound.
Early works [Hummel 2005, Psenicka 2003, Rose 2009]
resorted to spectral analysis followed by subtractive spectral
matching.

2 STATE OF THE ART

Psenicka (2003) describes SPORCH (SPectral ORCHestration)
as “a program designed to analyze a recorded sound and
output a list of instruments, pitches, and dynamic levels that,
when played together, create a sonority whose timbre and
quality approximate that of the analyzed sound.” The method
keeps a database of spectral peaks estimated from either the
steady state or the attack (for nonpercussive and percussive
sounds, respectively) of musical instrument sounds organized
according to pitch, dynamic level, and playing technique such
as staccato and vibrato. The algorithm iteratively subtracts the
spectral peaks of the best match from the target spectrum
aiming to minimize the residual spectral energy in the least
squares sense. The iterative procedure requires little
computational power, but the greedy algorithm restricts the
exploration of the solution space, often resulting in suboptimal
solutions because it only fits the best match per iteration.
Hummel (2005) approximates the spectral envelope of
phonemes as a combination of the spectral envelopes of
musical instrument sounds. The method also uses a greedy
iterative spectral subtraction procedure. The spectral peaks are
not considered when computing the similarity between target
and candidate sounds, disregarding pitch among other
perceptual qualities. Rose and Hetrik (2009) use singular
value  decomposition (SVD) to perform  spectral
decomposition and spectral matching using a database of
averaged DFTs of musical instrument sounds containing
different pitches, dynamic levels, and playing techniques.
SVD decomposes the target spectrum as a weighted sum of
the instruments present in the database, where the weights
reflect the match. Besides the drawbacks from the previous
approaches, SVD can be computationally intensive even for
relatively small databases. Additionally, SVD sometimes
returns combinations that are unplayable such as multiple
simultaneous notes on the same violin, requiring an additional
procedure to specify constraints on the database that reflect
the physical constraints of musical instruments and of the
orchestra.
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a) Standard Genetic Algorithm (GA)

Spectral matching [Hummel 2005, Psenicka 2003, Rose 2009]
provides inherently limited orchestrations because the goal of
CAMO is to find an instrument combination that best
approximates the target timbre rather than the target spectrum
[Tardieu 2007]. The concept of timbre lies at the core of
musical orchestration. Yet, timbre perception is still only
partially understood [McAdams 1995, Caclin 2005, McAdams
2009]. The term timbre encompasses auditory attributes,
perceptual and musical issues, covering perceptual parameters
not accounted for by pitch, loudness, spatial position, duration,
among others [Krumhansl 1989, McAdams 1995]. Nowadays,
timbre is regarded as both a multi-dimensional set of sensory
attributes that quantitatively characterize the ways in which
sounds are perceived to differ and the primary vehicle for
sound source recognition and identification [McAdams 1995].
McAdams and Bruno (1995) wrote that “instrumental
combinations can give rise to new timbres if the sounds are
perceived as blended, and timbre can play a role in creating
and releasing musical tension.”

To overcome the drawbacks of spectral matching, Carpentier
and collaborators [Carpentier 2006,2007,2010a,b, Tardieu
2007] search for a combination of musical instrument sounds
whose timbral features best match those of the target sound.
This approach requires a model of timbre perception to
describe the timbre of isolated sounds, a method to estimate
the timbral result of an instrument combination, and a measure
of timbre similarity to compare the combinations and the
target. Multidimensional scaling (MDS) of perceptual
dissimilarity ratings [McAdams 1995, Caclin 2005] provides a
set of auditory correlates of timbre perception that are widely
used to model timbre perception of isolated musical
instrument sounds. MDS spaces are obtained by equating
distance measures to timbral (dis)similarity ratings.

In metric MDS spaces, the distance measure directly allows
timbral comparison. Models of timbral combination
[Carpentier 2010b, Kendall 1993] estimate these features for
combinations of musical instrument sounds. Carpentier and
collaborators [Carpentier 2006,2007,2010a,b, Tardieu 2007]

b) Artificial Inmune System (AIS)
Fig.1: Comparison between mono-modal (GA) and multi-modal (AIS) optimization. The AIS used is opt-aiNet.

consider the search for combinations of musical instrument
sounds as a constrained combinatorial optimization problem
[Carpentier 2010a]. They formulate CAMO as a variation of
the knapsack problem where the aim is to find a combination
of musical instruments that maximizes the timbral similarity
with the target constrained by the capacity of the orchestra
(i.e., the database). The binary allocation knapsack problem
can be shown to be NP-complete so it cannot be solved in
polynomial time. They explore the vast space of possible
instrument combinations with a genetic algorithm (GA) that
optimizes a fitness function that encodes timbral similarity
between the candidate instrument combinations and the target
sound.

GAs are metaheuristics inspired by the Darwinian principle of
survival of the fittest. The GA maintains a list of individuals
that represent the possible combinations of instruments. These
individuals evolve towards optimal solutions by means of the
biologically inspired operators of crossover, mutation, and
selection. Crossover and mutation are responsible for
introducing variations in the current population and promoting
the exploration and exploitation of the search space. Selection
guarantees that the fittest individuals are passed to the next
generation gradually converging to optimal regions of the
search space. The major drawback of this approach arises
from the loss of diversity inherent in the evolutionary search
performed with GAs. In practice, the loss of diversity results
in only one solution that commonly corresponds to a local
optimum because GAs cannot guarantee to return the global
optimum (i.e., the best solution). Moreover, running the GA
multiple times with the same parameters commonly results in
different solutions. Carpentier et al. (2010a) use a combination
of local search and constraint strategies in Orchidée' to
circumvent the issues resulting from loss of diversity.
Orchidée has become the de facto state-of-the-art
orchestration tool used by composers, composition teachers
and students.

! http://www.gregoirecarpentier.net/research/orchidee.php




3  PROPOSED APPROACH
3.1 Preliminary Work

My preliminary work [Abreu 2016] used an artificial immune
system (AIS) called opt-aiNet [de Castro 2002] to search for
multiple combinations of musical instrument sounds whose
timbral features match those of the target sound. Inspired by
immunological principles, opt-aiNet returns multiple good
quality solutions in parallel while preserving diversity. The
intrinsic property of maintenance of diversity allows opt-aiNet
to return all the optima (global and local) of the fitness
function being optimized upon convergence, as shown in
Fig.1 b). Fig.1 illustrates a two-dimensional fitness function to
be optimized by finding the peaks (i.e., points where the
function has maximum amplitude). Fig.1 a) illustrates the
mono-modal optimization property of GAs, which typically
converge to a unique solution represented as a black dot on a
peak. In turn, Fig. 1 b) illustrates the multi-modal ability of
the AIS opt-aiNet, capable of returning all optima of the
function within the region of interest.

The application of opt-aiNet in CAMO gave rise to Immune
Orchestra” [Abreu 2016]. The preliminary results suggest that
the property of maintenance of diversity translates as
orchestrations that are all similar to the target yet different
from one another. Thus Immune Orchestra can provide the
composer with multiple choices when orchestrating a sound
instead of searching for one solution constrained by choices
defined a priori [Carpentier 2010a]. Consequently, Immune
Orchestra has the potential to expand the creative possibilities
of CAMO beyond what the composer initially imagined.
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