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Abstract: Music production technology has made few advancements over the past few decades.
State-of-the-art approaches are based on traditional studio paradigms with new developments
primarily focusing on digital modelling of analog equipment. Intelligent music production (IMP) is
the approach of introducing some level of artificial intelligence into the space of music production,
which has the ability to change the field considerably. There are a multitude of methods that
intelligent systems can employ to analyse, interact with, and modify audio. Some systems interact
and collaborate with human mix engineers, while others are purely black box autonomous systems,
which are uninterpretable and challenging to work with. This article outlines a number of key
decisions that need to be considered while producing an intelligent music production system,
and identifies some of the assumptions and constraints of each of the various approaches. One of the
key aspects to consider in any IMP system is how an individual will interact with the system, and to
what extent they can consistently use any IMP tools. The other key aspects are how the target or
goal of the system is created and defined, and the manner in which the system directly interacts with
audio. The potential for IMP systems to produce new and interesting approaches for analysing and
manipulating audio, both for the intended application and creative misappropriation, is considerable.

Keywords: intelligent music production; automatic mixing; adaptive audio effects; audio processing;
artificial intelligence; machine learning

1. Introduction

Intelligent music production (IMP) is the approach of bringing some artificial intelligence into
the field of music production. In the context of this article, we consider music production to be the
process of mixing and mastering a piece of music. As such, IMP has the capacity to work alongside
mix engineers in a supportive and collaborative capacity, or to significantly change and influence their
pre-existing workflow.

IMP is a developing field. It has the prospects to fundamentally change the manner in which
engineers and consumers interact with music. The ability, not only to allow for the collaboration with
an intelligent system, but also to explore and understand new dimensions and control approaches
to sonic spaces can unleash potential new concepts and ideas within the space of music production.
This will in turn challenge the current creative processes, change the immersion and interaction
experienced by a consumer, and potentially change the way in which everyone interacts with music.
It is clear that there is a need to further understand and develop future technologies that investigate
the prospect of advancing music production. Fundamentally, the audio industry is already far
behind technological advancements (Bromham 2016). Many multimedia fields, such as photography
and film, have embraced new technology, with the likes of facial recognition, red eye removal and
auto-stabilisation techniques (Ooi et al. 1990; Reiss 2018; Smolka et al. 2003). Very few similar advances
in music production have emerged as industry standard tools in quite the same way. There is
considerable scope for technological advancement within the field of music production.
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Dugan (1975) presented seminal work in this area with a fully deterministic adaptive gain
mixing system. IMP was drastically changed when Pachet and Delerue (2000) proposed a constraint
optimisation approach to mixing multitrack audio, and thus implied there can be some computational
solution to be optimised for. Since then, there have been a multitude of development in mixing of
musical content (Gonzalez and Reiss 2007) and video game audio (Schmidt 2003). De Man et al.
(2017) presented a review of IMP research, classifying research based by the audio effect that was
automated. De Man et al. then go on to discuss the evaluation undertaken. However, there is no
acknowledgement of any of the three aspects of IMP presented later in this paper and no processes for
developing future technology.

Music production in general is a highly dimensional problem relying on combining multiple
audio tracks, over time, with different audio processing being applied to each track. The way in
which audio tracks are combined is highly dependent on all of other audio tracks present in the mix.
The processing being applied to each of the audio tracks is highly subjective and highly creative. Due to
the complexities involved in the mixing process, including the interdependencies of audio processing,
the reliance of each individual aspect of a mix to tie together, and the high levels of subjectivity in the
creative process, makes computational understanding of the mixing process very difficult. There have
been a number of cases where a mix engineer will state that mistakes can often lead to the best mixing
choices (Cascone 2000), often known as happy accidents. Some of these challenges in music production
make IMP an interesting research area. There are many approaches which attempt to produce rules for
mixing (De Man and Reiss 2013a; Pestana 2013), but fundamentally we do not yet fully understand the
full mixing process.

The aim of this article is to take an overview of approaches taken in IMP. In every IMP tool,
there are numerous decisions made, and we aim to identify these design decisions, whether they are
made explicitly or implicitly. The understanding and acknowledgement of these design decisions can
hopefully facilitate a better understanding of the intelligent approaches that are being taken, and result
in more effective IMP systems.

A general view, as to how an IMP tool performs, is presented in Figure 1. This demonstrates all
the key stages of interacting with audio. There is input and output audio, interaction with a human
engineer, a decision-making process and the ability to perform an action. There are many examples
where one or more of the parts of this process do not exist, or where parts are merged into a single
component, but, in general, this outlines the expected requirements of an IMP system.

Figure 1. A generalised flow diagram of a intelligent music production tool.

In the field of AI, an intelligent agent is required to have three different aspects, the requirement
to observe or perceive the environment, the requirement to act upon the environment, and the ability
to make some decision surrounding the goals to be achieved, which includes the interpretation of the
environment (Russell and Norvig 2016). This identifies three key aspects of an IMP system, where some
approaches will try to solve one aspect, or combine multiple together, to solve both simultaneously.
The three aspects of IMP are:
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Levels of Control —The extent to which the human engineer will allow the IMP system to direct
the audio processing. The restrictions places on the IMP system to perform a task based on the
observations made (Palladini 2018).

Knowledge Representation —The approach taken to identify and parse the specific defined goals
and make a decision. This aspect of the system is where some knowledge or data are represented,
some analysis is performed and some decision-making is undertaken (De Man and Reiss 2013a).

Audio Manipulation —This is the ability to act upon an environment or perform an action. A change
is enacted on the audio, either directly, through some mid-level medium, or where suggestions
towards modification are made.

The rest of this article is presented as follows: approaches towards producing assistive versus
automated mixing tools are discussed in Section 2. The decision-making process is discussed further
in Section 3. Section 4 presents the approaches for manipulating and modifying audio content.
A discussion as to the the benefits of different approaches in IMP and potential future directions
in the future are presented in Section 5, detailing and contrasting different approaches in the field.
Conclusion as to the use of IMP approaches are highlighted in Section 6.

2. Levels of Control

IMP is enacted in a number of different ways, depending on the situation. In other fields, there
are discussions towards the levels of automation that are implemented (Rödel et al. 2014; Sheridan and
Verplank 1978). However, this is typically relating to automating heavy industry or highly process
driven tasks, and focuses on aspects from the artificial intelligence and robotics approach. In the
context of IMP, the important aspect of automation compared to control, is the manner in which
an engineer is able to interact with the intelligent system. This means there needs to be considerable
focus on the interaction between the human and the intelligent system, where the individual is handing
off control to the intelligence, rather than the automation taking control from the individual. Given
this, there are a number of different levels to which intelligence can be incorporated into a music
production system (Palladini 2018). These levels of control are: Insightive; Suggestive; Independent;
and Automatic.

2.1. Insightive

An insightive approach provides the engineer with the greatest level of control, where some
additional insight or advice is provided. The computer has the lowest level of control over the
situation. This is the approach designed to increase informed decision by a mix engineer, and, as
such, includes any enhanced informative approaches. In this instance, some supportive intelligence
is able to present the user with some additional insight into the audio being produced or mixed.
This takes the form of supportive textual information, visualisations, or analysis tools that are used
to help inform the user of the current state of the audio mixture. The feedback is presented as
visualisations (Ford et al. 2015) or haptics (Merchel et al. 2012). The principal is that this approach
presents users with additional information or knowledge, allowing them to better understand the
mixing that has been produced. These informative representations take a range of approaches including
comparing masking levels (Wichern et al. 2015), identifying the impact reverberation on each track
in a mix (De Man et al. 2017), or visualising the spatial and frequency components of a mix.1 In this
approach, users are provided with a greater level of understanding as to the current audio mixture,
or a tool to aid identifying specific aspects of the mix. There are several examples of existing audio
plugins that currently support this approach, such as a masking visualisation plugin (Ford et al. 2015),
or a system that can arrange drum loops to allow searching for appropriate content (Bruford et al.
2019). This approach is beneficial to professionals mix engineers, as it allows the most direct control

1 https://nugenaudio.com/visualizer/.

https://nugenaudio.com/visualizer/
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over the audio, and can simply provide some easier access to information to allow faster or better
decisions to be made.

2.2. Suggestive

A suggestive mixing system is one which the user is able to ask a system to analyse and interpret
the existing mix. From this, the engineer receives suggestions as to specific parameter settings or
approaches for a mix to be developed. Such suggestions include making recommendations as to the
audio processing chain to be applied (Stasis et al. 2017), analysing and recommending changes to
spectral characteristics (Pestana et al. 2013), applying some initial sub-grouping tasks (Ronan et al. 2015),
suggesting parameter settings to reduce perceived masking (Jillings and Stables 2017) or identifying
occasions when a single effect has been overused (Vickers 2010). This approach includes the use
of automated mix analysis tools (Wilson and Fazenda 2015), which allow for analysis, identifying
potential issues or mistakes within a mix. Recommendations are then made to correct or improve the
identified issues (Jun et al. 2015). The primary advantage of this approach is that it is able to understand
aspects of the mix and present an argument or suggestion to the user, which requires the mix engineer
to actively engage with the intelligent system. This ensures the mix engineer is in complete control
of the system at all times, but has to actively accept suggestions from an automatic system, either in
an exploratory manner, or in agreement with the intelligent system as a more efficient approach. It is
important to note that control is always relinquished back to the engineer. The intelligent system can
be useful for initial setups and getting the engineer closer to their target, but then will release control,
so as not to interrupt the engineer while performing their primary task.

2.3. Independent

An independent system is considered the converse of a suggestive system. Within this approach,
an intelligent system is allocated specific tasks to perform, and is able to go about them freely, with
a mix engineer acting in a supervisory role. The engineer will always have some facility to overrule or
change decisions made by an independent IMP system. This includes selecting control parameters
towards a specific target (Gonzalez and Reiss 2008), the use of adaptive plugin audio effect presets,
where analysis of the audio facilitates different settings, or selecting the gain parameters of audio
tracks, as performed in the Izotope Neutron Plugin.2 Other options for independent systems include
setting up initial mix parameters based on pre-training (Moffat and Sandler 2019) or adaptive filtering
for acoustic feedback removal (Van Waterschoot and Moonen 2011). At this stage, a mix engineer is
giving over some control of the mix to some intelligent system. The key aspects that are important
for this will be ensuring consistency in the approach, so that engineers may have the time to learn
to trust the system (Muir 1994). One of the most challenging aspects of this approach is producing
an intelligent system that an engineer can interact and collaborate with, without there becoming
a battle or a fight with the system. The intelligent system must never be allowed to directly contradict
the engineers approach, without good reason, but may develop additional ideas alongside it.

2.4. Automatic

A fully automatic mixing system is one where all control is passed over to the intelligent system,
fully automating parameters to a predefined goal (Ronan et al. 2018), or performing a full mix (Terrell
and Sandler 2012), given a predefined set or restrictions. Predefined targets or machine learned
approaches are used, with the aim of mixing for a specific type of sound (Martínez Ramírez and Reiss
2017a; Mimilakis et al. 2016b). A fully automatic system has the potential to be a full mixing system,
where a series of tracks are passed in, and an example mix is returned, without any human interaction,

2 https://www.izotope.com/en/products/mix/neutron.html.

https://www.izotope.com/en/products/mix/neutron.html
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taking complete control of the manner in which audio is mixed and produced. This is advantageous
for occasions where amateurs are wanting some system that will mix their tracks together without
involvement, as a learning tool to compare to some student work, or in some cases where it is necessary
for mixes to change in real time, where it is not possible for a mix engineer to be able to directly interact
with the mix, such as in virtual reality and video game audio situations (Selfridge et al. 2018; Stevens
and Raybould 2013).

2.5. Control Level Summary

It is clear that intelligent systems interact with music production in numerous different levels.
The key differentiator is the level to which the engineer is in control of the system and how the
interaction takes place, though these are not the only important factors of an IMP system to consider.
There is a vital importance that the engineer using the system can set their own constraints and trust
the system to interact with the audio in any predefined and specified manner. The extent to which
suggestive and independent systems have been created, in comparison to fully automatic systems,
is fairly small. The current field has focused more significantly on constructing fully automatic systems,
which are often not the most useful or helpful systems for the end users and practical applications
in the field. Given the importance of the control and interaction of the IMP system, it is also of
vital importance how the IMP system will create rules and follow them, as will be discussed in the
following section.

3. Knowledge Representation

The method in which an intelligent system understands and represents knowledge is an important
factor, as it will greatly impact its ability to perform tasks, adapt to situations, and the methods in
which users interacts or collaborates with it. The approaches to represent knowledge could either
be a rule based structure, where a rule is manually defined, such as all tracks need to have the same
perceptual loudness, or some system from learning these rules and decisions from data, in a machine
learning approach. Fundamentally, the ability to understand the goals of the system, the decision
constraints put upon the IMP system, and the understanding of intention are all represented in this
category. The knowledge representation approach is highly important, as this is the way in which
an intelligent system can understand the context of audio being analysed and mixed. Three knowledge
representation approaches used in IMP, first identified by De Man and Reiss (2013a), are grounded
theory; knowledge based system; and data driven approaches.

3.1. Grounded Theory

Grounded theory is a research method commonly used in the social sciences, where theories
are systematically constructed through data gathering and analysis. This has been one of the most
common approaches to IMP in recent years. Though the work described in this section does not strictly
adhere to the original definition of grounded theory as propose by Glaser and Strauss (1967), the term
grounded theory to describe this approach to IMP has been used in this way since De Man and Reiss
(2013a). The principal aim of the grounded theory approach is to creating a formal understanding
of the mix process and limits of perception (Bromham et al. 2018; De Man et al. 2016), and using
this understanding to model the intention of mix engineers (Moffat and Sandler 2018). This data
gathering is performed through ethnographic studies (Cohen 1993) and by close interview and analysis
of mixing practice (Pestana 2013). Mixing practices are understood through the discussion with mix
engineers (Ronan et al. 2017), though there are cases where the professional mix engineer will state
that they always take one approach but consistently take an alternative approach (Pestana 2013).
This demonstrates the general complexity and nature of the music production problem. This approach
is vital to fully understanding the human element of music production and mixing. This approach is
challenging, as there are regular cases where individuals will believe in one set of rules or approaches,
however they may perform in another. There are examples of cases where the best aspects of a mix are
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created by a happy accident, and a large amount of creativity within the music production space is part
of breaking the rules, rather than understanding and conforming to a rigid set of rules (Cascone 2000).
Therefore, any grounded theory approach also needs to take a rebellious approach, and be able to
break rules within a set of larger fixed constraints.

3.2. Knowledge Based Systems

A knowledge based expert system is an approach with some ability to interpret knowledge and
reason on the results. The knowledge based system will define or formulate a set of rules or knowledge
about the environment, and then allow for some inference engine to apply the rules. These rules take
many forms, such as if-then-else rules. More complex rules do exist, which require some optimisation
approach to solve them. De Man and Reiss (2013b) performed a review of knowledge based systems
in IMP and identified that knowledge based systems take the form of either a constraint optimisation
problem (Terrell and Sandler 2012; Terrell et al. 2014), or as a set of defined rules, which are solved
together through some inference engine (Benito and Reiss 2017; Deruty 2016; Moffat et al. 2018). This is
an active area of research, and many approaches identify different aspects of a mix to optimise, such as
masking (Jillings and Stables 2017; Ronan et al. 2018), musical score and timbral features (Bocko et al.
2010; Kolasinski 2008), specific loudness targets (Fenton 2018; Wichern et al. 2015), or mixing to
a target reference track (Barchiesi and Reiss 2009). One of the key advantages of these systems
is the ability to consider multiple objectives and find an optimal solution which fulfils the largest
number of targets. As a result, this system is able to consider when and how to break certain sets
of rules or allocated targets, and interpret different rules with different levels of priority in parallel.
There are computational approaches which may never give a single optimal solution, but are able
to propose a series of comparable scored different answers. Similarly, in music production, there is
no one single ground truth optimal mix of a music track, but a series of different options that are
all considered appropriate of a good mix in some respects (Jillings and Stables 2017). This is due to
the subjective nature of music production. The primary challenges with a knowledge based system
approach is designing systems capable of capturing the rules of a mixing system and represent them in
a machine interpretable manner. Many constraint optimisation systems will never be in a position to
operate in real-time, due to the design and constraints of the artificial intelligence approach. This will
significantly impact the ability to interact with this system, and react to changing aspects of a mix.
Instead, some knowledge based systems require a period of time to calculate the requested parameters.
This considerably impacts the traditional music production studio workflow. The ability to design and
compare mixing rules, which are formally evaluated, will provide a more concrete understanding of
exactly when specific rules can be applied in a highly quantitive approach.

3.3. Data Driven

Data driven approaches to IMP, such as machine learning, has developed considerably in recent
years. These systems produce some mapping between audio features (Moffat et al. 2015; Scott and Kim
2011) and mixing decisions (Martínez Ramírez et al. 2019; Martínez Ramírez and Reiss 2017b). They are
used in a number of different ways, such as the automation of a single audio effect (Chourdakis and
Reiss 2016 2017), to perform some track mastering (Mimilakis et al. 2016b), the ability to learn and apply
a large amount of nonlinear processing (Martínez Ramírez and Reiss 2019), or even to simply perform
an entire mix in a single black box system (Martínez Ramírez and Reiss 2017a). The primary aspects of
a data driven system is that all understanding of the process taking place is learnt from data. This data
could be an individual providing a series of training examples for the system to learn from (Chourdakis
and Reiss 2017), learning some particular aspects from a specific dataset (Mimilakis et al. 2013),
or learning from large scale curated datasets, such as the Open Multitrack Testbed (De Man et al. 2014)
or MedleyDB (Bittner et al. 2014). The entire machine learning field has been growing significantly
over the past few decades, and there is ample opportunity for this growth to be further encouraged
and utilised in IMP. The largest limiting factor on any data driven approach is the quantity of data
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that can be collected (Witten et al. 2016). Despite this limitation, data driven approaches are shown to
produce highly impressive results when provided with considerable datasets (Arel et al. 2010).

3.4. Knowledge Representation Summary

The method in which some information or knowledge is represented in an IMP system is of vital
importance, as each different approach will present restrictions and limitations to what the IMP can
achieve. A knowledge based system allows an individual to interact directly with rules, which they
prioritise, or remove, whereas a machine learning approach is driven by the presented data. This then
leads to problems with data collection and manipulation. Machine learning is more restrictive in
the options it presents, when compared to some grounded theory or knowledge based approaches,
as only human mixing processes, derived from data, are to be applied. Knowledge based systems
have the advantage of finding new approaches based on key aspects of a mix. This also allows for
misappropriation and the potential for creative uses of IMP tools, in unforeseen ways. In music
production, the processing and mixing applied to each track will be highly dependent on every other
track in the mix. There is a high level of interdependence of each and every track. As such, this will
considerably grow the scale of the problem, and most of these issues need to be controlled for in the
knowledge representation aspect of the IMP system. Once the knowledge and decision-making process
has been represented, the IMP system will then perform some interaction with the audio, as discussed
in the following section.

4. Audio Manipulation

One of the fundamental objectives for IMP systems is to interact and modify audio. This necessitates
an approach for audio manipulation. The approach with which an intelligent system interacts with,
and manipulates, audio will place considerably limitations on the structure of the intelligent system.
The most common approaches to audio manipulation is the use of adaptive audio effect; however,
there is some work that performs direct audio transformation.

4.1. Adaptive Audio Effects

Reiss (2011) proposed adaptive audio effects for IMP. Figure 2 shows the typical flow diagram
of an adaptive audio effect. The audio effect is the part of the system that directly modifies audio,
with a set of predefined parameters. These parameters are modified by analysis of audio through
the feature mapping. The feature mapping aspect performs some mapping or relation between the
audio analysis aspects and the audio effect. The audio analysis part performs some feature analysis
of an audio signal and typically represents the signal with some audio features (Verfaille et al. 2011).
Verfaille et al. (2006) states that adaptive audio effects fall into four different categories:

Auto-adaptive —Analysis of the input audio to be modified will impact the control parameters.
External-adaptive —Alternative audio tracks are used in combination with the input signal, to adjust

control parameters.
Feedback-adaptive —Analysis of the output audio to change the control parameters.
Cross-adaptive —Alternative audio tracks are used to effect control parameters, and the input track

in turn effects control parameters on external tracks.

These adaptive effects are used within IMP systems, where some parameter automation on each
of the pre-existing parameters is undertaken (Pestana 2013). This has been a common approach for
some time in IMP, where traditional audio effects are made into auto-adaptive or cross-adaptive audio
effects, based on a some grounded theory approaches (Reiss and Brandtsegg 2018). The advantage of
this approach is that it allows for easy transition to traditional music production paradigms, with the
ability for parameter recommendation and adaptive plugin presets. However, the restrictions in the
ways that audio can be manipulated, and the specific complex search space of the plugin limits what
an IMP system achieves.
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Figure 2. A flow diagram of a typical adaptive audio effect.

4.2. Direct Transformation

The alternative approach is to modify a piece of audio directly. In this approach, instead of
using some mid-level audio manipulation which an IMP system needs to learn and understand,
the system has the ability to learn the best audio manipulation and enact the audio change
directly (Martínez Ramírez and Reiss 2017a; Mimilakis et al. 2016b). This approach is commonly
undertaken with neural networks, either in audio mixing (Mimilakis et al. 2016b) or audio style
transfer (Verma and Smith 2018), but could as easily be performed with any other approach that is
able to learn some signal processing transform. The resulting IMP system is not limited to the human
methods and way of interacting with audio, and, not limited in approaches, it can take to produce the
desired effect. It also means that there are not complex mapping layers to understand what an audio
effect can achieve, and no reliance on a specific DSP (Digital Signal Processing) technology. This has
the potential to facilitate the creation of completely new audio effects, which could be more interesting
and insightful methods for manipulating audio, in ways that we had never intended, but allowing
a greater freedom and flexibility to manipulate audio. This has considerable beneficial impact on
traditional music production approaches, as the full IMP system does not necessarily need to be used
as in intelligent agent, but instead the approach is used to identify and create new approaches to
interact with and modify sound, with a set of exposed parameters that could then facilitate an engineer
to use this as a new form of audio effect. The direct transform approach has had little investigation
in the field of IMP; almost all intelligent systems work on the basis of modelling and automating
traditional audio effects.

4.3. Audio Manipulation Summary

The approach of modifying audio through an adaptive audio effect is an intuitive and natural
approach to take, as it agrees with pre-existing notions of music production and thus suggests the
possibility to automatically produce a mix like a human. However, there are a large number of limitations
with this process; where some complex multichannel signal modification is required, it is difficult to
achieve this without a large number of different plugs in very specific setups to achieve something that
the system would be able to learn in a much more interpretable way. This direct modification is then
implemented directly into an audio plugin, and integrated into pre-existing work-flows very easily.
The opportunity for new and interesting audio processors to be developed, through understanding
how an IMP system may produce an automated mix, is highly advantageous to expert and amateur
mix engineers alike.

5. Discussion

There are a number of ways in which IMP tools can be constructed. They may focus on supporting
engineers through recommendation of audio effect parameter settings based on some expert knowledge
from professional engineers, or they can be data driven fully automated mixing systems. The key
aspect of any system is to understand what level of control is expected, and thus selecting different
approaches to best achieve the results. There are opportunities to merge or combine different categories
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together in different ways, which will fundamentally shape the ability and affordances of any IMP tool.
For example, it is possible to use a machine learning system to predict sets of audio effect parameters,
based on learning data from users; however, this relies on a greater understanding as to the intention
of the mix engineer when they performed in initial change. The understanding as to what mixing
decisions are made, and why, cannot be underestimated. In another case, a fully automated data-driven
approach could be taken, where large quantities of data can be collected, and then the mixing processes
extrapolated from the data are applied, with no human interaction. This would act very much as
a black-box system, and rely heavily on the quantity and quality of gathered data. It is expected that
a automatic data-driven IMP system would produce a range of consistently average results. Although
not particularly useful to professional engineers, this is advantageous as an education tool, ideal for
an amateur who is looking to get a first recording of their band at minimal cost, and would improve
the baseline audio quality of music production being posted online and to streaming services.

Machine learning systems also have the potential to grow quickly, but this relies on solving the
issue of accessing and gathering quantities of data, and interpreting mixing decisions made in each
case. As the intelligent mixing problem is somewhat different from many other data science based
problems, it is required to undertake a number of different approaches to simplify or re-frame the
problem, such as data fusion (Hargreaves 2014), which allows modelling of the interdependence of the
audio tracks.

The focus on traditional audio effect parameter automation is a limiting factor of current IMP
systems, as they are severely restricted to a single, predefined, set of DSP tools. It could instead be
the case that transforms or effects are learned with specific intentions, such as an effect for noise
removal, or effect for spectral and spatial balancing. It should not require the use of multiple effects to
produce a single intention within an IMP system; instead, a single intention can be produced from
a single action. The interdependent nature of processing on each individual track, along with recent
studies (Ronan et al. 2015), suggests that a hierarchical approach to mixing audio tracks would also be
highly advantageous.

Misappropriation is the use of a piece of technology, other than as intended. The misuse and
misappropriation of technology has been prevalent in music production for years (Bartók and Suchoff
1993; Prior 2012). Any new technological advancement has the capacity to change the limits and
boundaries of the creative process, and thus shape and change potential creative outcomes (Eno 2004).
As discussed in Section 4.2, the use of intelligent systems to directly transform and enact a process on
the audio signal will allow for the creation of a whole new set of audio effects, where these audio effects
are not limited by existing signal processing techniques. These will inevitably allow for a different set
of tools and different approach to music production (Bromham 2016; King 2015).

There are numerous promising approaches that have recently been realised in IMP. There have
been recent indications that the use of advanced signal processing techniques could have considerable
benefits to the field of IMP (Pardo et al. 2018). In particular, the use of source separation and music
information retrieval technologies have facilitated better mixing tools and the ability for a system
to better classify and understand the audio it is working with. The recent realisation that using
a hierarchical mixing structure can improve the resulting mix (Ronan et al. 2018) has considerable
implications for future work in IMP.

The growth of internet technologies and the remix culture (Xambó et al. 2019) has a range of
opportunities for IMP systems. The use of interactive dynamic music mixing systems can engage
audiences (Paterson et al. 2016), and many of these tools rely on some form of IMP system. Dynamic
music mixing, similar to video game audio (Stevens and Raybould 2013), requires some automated
system which allows levels of interaction and control, the ability for a human engineer to create
constraints to an IMP system and for agreed interaction. As such, the understanding of IMP approaches
is vital, in the context of any dynamic processes, whether mixing or content creation.

The focus on real time vs. offline mixing processes will both improve the results of IMP
systems in general, but also allow for more deterministic interpretable systems that can be used
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in real time. While it is clear that IMP as a field has considerable challenges to overcome,
the fundamental approaches and developments in the field are being made, meaning there are
considerable opportunities available in the field of IMP for future research and innovation.

6. Conclusions

The use of IMP tools can have considerable advantages for the music production field. Three key
aspects of an IMP system have been identified, which lead to design decisions being considered when
producing an intelligent system to interact with audio. The benefits and downfalls of each decision
are identified. Current research avenues have explored the use of grounded theory approaches and
their application to automate existing audio effects; however, the future of music production involves
manipulating audio in ways designed specifically for the required task, and allowing engineers
the choice as to how they wish to interact with their IMP tools. There is considerable scope for
new research to be performed, to develop different tools for interacting with audio and to facilitate
a better understanding of the mixing process. The potential for creating new effects and methods for
manipulating audio in new ways can have considerable impact for mixing and misappropriation of
the effects. The way in which a mix engineer might interact with any IMP system is of vital importance
to their ability to understand, effectively use, trust, and interact with IMP systems.
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