[image: image52.png]Josefh g 47




A Composers Compendium:
Creating an Open Access Repository for Overcoming Obstacles & Improving Simulations with the Sampled Orchestra
Joseph Murphy

November 2020
Dr Niall Coghlan
Dr Neil O’ Connor

External Examiner: Dr Paul Stapleton
Internal Examiner: Dr Hillary Mullaney

M.A by Research in Music Technology
Dundalk Institute of Technology

Declaration

We, the undersigned declare that this thesis entitled A Composers Compendium:

Creating an Open Access Repository for Overcoming Obstacles & Improving Simulations with the Sampled Orchestra is entirely the author’s own work and has not been taken from the work of others, except as cited and acknowledged within the text.

The thesis has been prepared according to the regulations of Dundalk Institute of Technology and has not been submitted in whole or in part for an award in this or any other institution.

[image: image1.png]


Author Name: Joseph Murphy
Author Signature:..........................................................

Date: 12/10/2021
Supervisor Name: Niall Coghlan
Supervisor Signature:. [image: image2.jpg]



Date:...14/10/21
Acknowledgements

I wish to offer my sincerest thanks and gratitude to my supervisors, Dr Niall Coghlan and Dr Neil O’Connor, whose help and continual guidance throughout this project made this paper possible.
Abstract

This work charts the creation of an online resource, which compiles a body of techniques, methods and general information relating to the practice of replicating acoustic instrument performances and orchestral simulation (for the most part using sample based libraries). The work is designed to serve as a database or repository of various techniques and tutorials dealing with multiple aspects or issues which may be encountered as part of this practice. The work currently presented was compiled and researched by the author, but which on completion will then become an open platform for users to access, contribute to, or edit in the future. The resource was developed by following guidelines issued for similar resources and platforms by such online platforms as the Directory of Open Access Repositories (Open DOAR) as well as the Registry of Open Access Repositories (ROAR). 
This paper details the creation of the resource with each of the steps involved. The techniques which are documented in the resource are each listed and explored here, with examples of implementations. Background research and informal studies which helped to guide the repositories content are also included, in order to clarify the decisions regarding included material.
Each technique in the compendium is categorised and cross-referenced and presented as a table to facilitate ease of use. Each technique is explained and accompanied by additional information such as diagrams or audio examples to help demonstrate how the technique is applied, as well as supporting information such as the provenance of the technique. 

The repository, which is titled ‘The Composer’s Compendium’ (hereafter referred to as the compendium), is included in its entirety in this thesis, with the online version found at the dedicated website www.midiorchestra.com. Following the completion of this project, users will be able to add new content and information to the website in keeping with Open Access Repository practices.
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Chapter 1: Introduction
Attempts to replicate the sound and timbre of acoustic instruments using other means have been carried out over the past several decades and, depending on the definition used, is a practice that goes even further back in the history of music technology. In their book Audio Sampling, when discussing the origins and history of the practice, McGuire and Pritts note that 

The desire to recreate the performance of existing instruments from a keyboard has an interesting history. Early pipe organs would use Fourier additive synthesis in combining multiple pipes and resonators of various sizes and designs to emulate brass and woodwind voices. These were not samplers, but the intrigue of orchestrating at the keyboard was obvious.  











(McGuire and Pritts 2008, p191) 
The development of digital software instruments; either those modelled on acoustic instruments or otherwise, has largely come down to two separate methods; sampling and synthesis. The focus of this work, sampling is where live audio is recorded and then manipulated for playback. Sampling was a process that continually developed and contributed to many different facets of music creation. As Braun notes

…the sampling techniques of the 1980s made it possible to treat all sound as data: once sampled, anything could be reproduced and reshaped. In 1983, the establishment of MIDI, the Musical Instrument Digital Interface, made it a simple matter to transfer digital information between various electronic instruments as well as between instruments and computers.  

 
 
 
 
 
 
 
 
(Hans-Joachim Braun, p15)

As Mark Katz describes, digital sampling “is a type of computer synthesis in which sound is rendered into data, data that in turn comprise instructions for reconstructing that sound” (Katz, 2004, p138). This process of capturing and then reusing or manipulating a piece of pre-recorded audio has been responsible for the development of, or creating profound changes in, entire genres and movements within music. The practice has become so ubiquitous in many areas of music creation (Howell, 2005). The use of software and instrument simulations has grown and continued to expand steadily across many areas of music composition and media production. As the composer Jerry Gerber states  

Many musicians use virtual orchestras as a mock up for what will ultimately be performed by a live ensemble. There are many others — myself included — for whom the expressive potential of MIDI makes it artistic medium in its own right, capable of creating a sound worthy of being the end result of the compositional process















(Gerber, 2005)

In 2003, unions representing and supporting musicians performing on Broadway cancelled a planned strike action after reaching a deal with the theatres owner which would ‘allow the use of a so-called virtual instrument machine….which can closely replicate the sound of musicians, but only with union consent’ (Pogrebin, 2003). Professor Frederick Bianchi, who designed this ‘virtual instrument machine’; simply dubbed the Virtual Orchestra (VO), explains the rationale behind how and why it was being used;

It was difficult, and still is difficult, to get enough musicians to fill out the pits. There was a pressing problem of musical performance, and the technology was just on the horizon. The virtual orchestra is the enhancement of the traditional orchestra. That means supplementing it with digital instrumentation to simulate and emulate the sound of a very full and large orchestra. 











(Bianchi, 2012)

Bianchi goes on to cite the use of the Virtual Orchestra in 200,000 performances from professional to amateur and community works, but also mentions the negative and controversial views of the practice, particularly of one review which stated his work is “responsible for the dehumanization of society and the deterioration of art in this country” (Bianchi, 2012). In a similar instance, Paul Henry Smith used his ‘Fauxharmonic Orchestra’ to conduct

the world’s first live concert of a Beethoven Symphony performed by a digital orchestra, with the aim of convincing audiences ‘that a live performance of a digital orchestra can be as expressive and moving as a traditional acoustic orchestra’. 

(Klein, 2015)

These are merely some examples of how software instruments emulating acoustic instruments have expanded and become much more widespread, even within the realm of live music performances. This is perhaps most exemplified in the areas of music creation for media, i.e. film, television and video game soundtracks. Many highly established artists in this field have spoken candidly about how the practice has been useful to their work, and it is this emphasis on technology by these established composers that will likely encourage or influence beginning composers wishing to enter into the same discipline. When asked what advice he would give to aspiring musicians and composers, BAFTA award winning video game composer Garry Schyman advised them to 

…learn the art of composing, become really good technologically, be able to take computers and synthesisers and samples and mock up your music and make it sound fantastic without live players. 


















(Schyman, 2015)
Additionally, after describing his use of software instruments for film scoring in the BBC series Sound of Cinema, presenter Neil Brand describes composer Clint Mansell’s use of these tools

as a shining example of how technology has democratized film scoring, opening it up to talents without conventional backgrounds as composers.










(Brand, 2017)

It should also be noted that another one of the key reasons why software instruments like these are sometimes used in the world of composing for media is that they allow directors, producers and non-musicians in general a clear representation of what the music will ultimately sound like; something which was largely impossible in the past. As stated in the book On the Track the use of ‘mock ups’, that of a piece of music rendered virtually which typically will later be replaced with live instruments (Karlin, Wright, 1990, p5). As such, although composers and general users themselves may wish to utilise these tools simply as benefits for their own working practices, there is at times a push towards the application of music technology coming from other areas. In some cases, the ‘employers’ of these composers; directors, producers, game publishers, etc have become more aware of the possibilities of these tools and as such may be encouraging, or even outright requesting the use of, software instruments to be used in the process of creating music for their projects. Music supervisor Maggie Rodford, in an interview reinforces this point further while discussing how the use of demos in film music composition has changed from previous decades;
Increasingly now scores have to be fully demoed all the way through to really good samples, because otherwise people can’t judge what it is that they’re listening to...I suspect there’s very few directors, and financiers too, that would trust the idea that they had not heard the score until they went into the recording sessions.









(Rodford, 2015)

This trend can also be seen in other areas of music composition, for example in video game scoring. The Game Audio Industry Survey carried out in 2015, found that
…63% of music was delivered either as completely virtual or as virtual with any real instruments played by the composer personally. Among professionally developed large titles (AAA), 54% music is fully live or hybrid score. 30% of the music was created by the composer alone, 16% being created by the composer “virtually” with 4 or fewer live musicians to sweeten the score. 








(Gamesoundcon.com, 2015)

It is perhaps also important to note that the use of these tools is not confined solely to the new and upcoming generation of composers, but that of established composers who have already forged a distinguished career in the industry largely before these tools were used. Whilst many of these composers may not directly use the software in their compositional process or have any prior experience with it themselves, the rise of a new job role of ‘music sequencer’ sees that they nonetheless sometimes must rely on this new medium. On the accompanying CD of The Music of the Lord of the Rings book, composer Howard Shore explains how the use of virtual instruments and ‘electronic sampled versions’ of his music was essential (Shore, 2010).
Although the most visible applications of these tools are that within the realm of music for media, it should be noted that their uses have also been applied across many different musical genres. In one of his online ‘livestreams’ for example, electronic music producer Deadmau5 demonstrates how he uses sample-based string libraries in his song Imaginary Friends using the sample library Vienna Strings. Detailed in one of Sound on Sound magazine’s Inside Track articles, the late Leonard Cohen ‘convinced his producer Patrick Leonard to abandon his hang-ups about using sampled instruments’ for his album Popular Problems, with the result being that ‘much of the music on Popular Problems was composed by Patrick Leonard using a Mac laptop and sample libraries running in Logic, and in many cases these virtual instrument tracks survived into the final mixes’ (Tingen, 2014).
A similar article details mix engineer Chris Elms work with Björk’s song Vulnicura; 

Björk and I were mocking up the strings in her computer using Native Instruments’ Kontakt with NI’s Session Strings Pro orchestral sample library. That sounded good enough for her purposes. We were using just three layers — pizzicato, tremolo and legato — and that was it…Although she has an M–Audio keyboard, a lot of the work she does is simply with mouse and computer keyboard














(Elms, 2015)

These examples show that not only have the use of software instruments and the emulation of orchestral ensembles grown, but that they also provide great opportunities for beginner composers, songwriters and arrangers in a variety of music making contexts. This can range from providing a means of creating drafts and demos of their works, as an intermediary between the writing stage and the performance stage, providing an alternative composing method to the more traditional approach, to serving as a means of providing representations of the potential end result. As such, it becomes useful to have a repository of techniques to help overcome or mitigate the limitations that users, particularly those unfamiliar with the technologies and general practice, can frequently encounter. It is for this very reason that the compendium detailed in this thesis was created, in order to provide help and information in realistically emulating orchestral instruments.  
The use of sample-based software programs offers a variety of opportunities and benefits, particularly to composers and songwriters who may not otherwise have a means of having their works performed. This technology has not only allowed music creators access to new sounds and alternative methods of hearing their music, but it can also help to bridge the intermediate stage between that of writing music and the result of having it performed by musicians. However regardless of whether the work will ultimately be performed live or not, the practice of emulating live instruments inherently presents severe limitations and difficulties regarding the various aspects needed to be addressed. Given the complexity and infinite variations and intricacies of musicianship and instrument performances in general, the composer using these tools must first accept these limitations, and then find methods to compensate or alleviate them where possible. Providing a resource of viable solutions or alternatives for this practice is the aim of this work.

1.2 Rationale for a Compendium
With the continual growth and development of sample-based instruments, material contributing to the general body of knowledge and interest in these technologies has grown in tandem. Such material ranges from published books (Gilreath, 2007), online articles (Stewart, 2017), video tutorials (Krantzberg, 2011) and research papers (Klein, 2016). However, despite this growing body of information, much of this work often only provides broad or general overviews or software/instrument specific techniques and advice. Furthermore, much of the published material currently available feature discussions on techniques and software which are largely out of date or inapplicable to the current generation of sample-based instruments and accompanying software programs. For example, books like the Guide to MIDI Orchestration (Gilreath, 2004) mention use of the software sampler Gigastudio which has been discontinued since 2008 (soundonsound.com, 2008). 
 The presentation of any significant collection of techniques, tutorials or demonstrations of the areas in consideration can vary. Overall, there are roughly four separate formats which can be found presenting information similar to that of a compendium. They include published books, online articles, video tutorials, and academic papers. Books and online pdf files appear to be the rarest but also provide the most comprehensive and all-encompassing information for working with a sampled orchestra. Material covering the various interrelated subjects such as MIDI (See Basic MIDI by Paul White, 2000), Digital Audio Workstations (Digital Audio Workstation by Colby N. Leider 2004), sampling (Audio Sampling by Sam Maguire, 2004,) etc. alone is plentiful, yet that concerning the use of sample libraries and software instruments specifically for the practice of orchestral simulations are relatively rare. Given that most of the currently used sample libraries have only developed in recent years, the amount of both commercially published and academically focused material remains small. However, this is somewhat compensated for by the large amount of online material becoming increasingly available; ranging from articles featured on music websites and journals, video tutorials and step by step walkthroughs, as well as public user forums, communities and industry professionals contributing to discussions providing their own unique techniques and methods. Despite this growth, given the wide array of various sources and the multifaceted nature of the practice concerned, many of the lesser known techniques are scattered throughout these sources, and some aspects presented in one source are often entirely missing in others. In other cases, the same most common techniques are repeated through various sources again and again. Furthermore, many of these sources typically only focus on one narrow element of the practice, for example just MIDI manipulation and programming, without any attention to other necessary aspects such as mixing the sampled instruments or applying audio processing. As such, it is becoming increasingly useful to have a single, dedicated and focused repository of techniques and methods as a resource for composers covering these diverse aspects, all located in one resource. 

In terms of presenting a body of information and techniques relating to orchestral sample simulation, Acoustic & MIDI Orchestration for the Contemporary Composer: A Practical Guide to Writing and Sequencing for the Studio Orchestra (Pejrolo, DeRosa, 2007) and Paul Gilreath’s Guide to MIDI Orchestration (2000) are quite set apart as being rare examples of published books on the subject. These both take a walkthrough, iterative approach in beginning with introducing key concepts along with an overview of methods and approaches used to simulate orchestral instruments. After this, much of the books then consist of individual parts with each dealing with a separate section of the orchestra. Each of these sections are in turn divided to explore the different areas and issues of working with them in a digital environment. In-depth discussions on some of the technical considerations, techniques, challenges and limitations of recreating live performances digitally are covered. One of the core strengths of these books is the inclusion of an audio CD with before and after examples of some of the techniques included, as well as information on some of the pitfalls and issues commonly encountered in the process. But while these books are an extremely useful resource for those new or unfamiliar with sample libraries and orchestral simulations, this approach has several limitations and drawbacks. The walkthrough, step-by-step approach, while useful for a beginner or someone just starting a project, results in difficulty in finding specific solutions to problems one may encounter. Identifying a solution to a particular issue can be difficult when the information is presented in chapters and read section by section.

 A more updated and common method of finding information and advice on orchestral sample simulations is that of online articles hosted on a variety of music websites. These are often specific to offering the reader information on a given aspect of the practice, or a general overview of taking a particular approach to improving digital renditions of acoustic instruments (e.g. 5 Ways to Make Your Programmed Strings Sound More Convincing – Wang, 2018). This shorter, simpler approach can present small amounts of information easily, also often spanning mixing and audio processing in conjunction with MIDI programming and editing (e.g. Do I Need to EQ My Samples and Virtual Instruments? Cochrane, 2013).  Another primary benefit of this format is that audio examples are often included to help clarify particular techniques. Both printed books compensate for this lack of interactivity by including audio CDs with examples of some of the techniques included in the book, however having a short audio clip accompanying each technique can be significantly easier to use. 

As previously mentioned, many composers openly discuss their working practices and methods in relation to virtual and software instruments, particularly in the case of orchestral simulations. The most interesting development in relation to this, and the most recent, is that of award-winning composers providing a detailed account of their tools and working practice online. Beginning in May 2015, composer and electronic music producer Junkie XL began a series of video tutorials/showcases whereby the composers working setup and general practice was discussed and explained, providing viewers a unique insight into how an industry professional works, in addition to how utilizing sample libraries was fundamental in the creation of many of his scores. An excellent example of these composer presented videos is that of Composer Mike Verta’s five hour long online 'masterclass’ video Virtuosity (Verta, 2015). Here, Verta specifically addresses the approach of orchestral instrument simulation and provides helpful tips and tricks as well as setting up an orchestral template and giving viewers a glimpse into how he himself goes about creating a mock-up, providing examples of where or when he has used those techniques in his work. 


Academic papers and published research journals remain relatively sparse overall, however some of the areas of interest in this field have been explored in various ways. The most common focus of virtual instruments within this field is that of creating proprietary and custom software for virtual instrument playback. Papers such as The Virtual Orchestra: A Systematic Method of Realising Music Composition through sample-based orchestral simulation (Sundstrup, 2009) look at simulating the orchestra virtually using an array of interconnected commercial software programs in conjunction with the authors  own personal system developed for orchestral playback. Feigning Humanity: Virtual Instruments, Simulation and Performativity (Klein, 2016), focuses solely on synthesisers and modelling and, of the research articles found, this work is one of the few that deals exclusively with the issues of musical performance and the expressiveness of virtual instruments emulating live performances. The research article Replacing the Orchestra? - The Discernibility of Sample Library and Live Orchestra Sounds (Kopiez, Wolf, Platz and Mons, 2016) deals specifically with how effective orchestral sample libraries where in producing works which could be compared to live performances. While work detailing the creation of unique playback systems offers little application to a general user, the closer examination of instrument performances and simulations can still provide useful information for those using commercial, more widely available software. Similarly, the approach taken by these researchers in supporting their attempts of replication by way of comparative listening tests and group studies can provide a framework for carrying out similar tests. 
 
1.3 An Open Access Repository 
Technology has radically changed how we transfer and exchange information and ideas. The internet allows for individuals, organisations and institutions to share and disseminate information across many methods and mediums.  
The expansion of technology within society is a defining feature of the twenty-first century, revolutionizing how people work, learn, communicate, and spend their leisure time. This is particularly true in the domain of music, where technology has become a presence, if not a requirement, in musical creation, production, expression, dissemination, promotion, and consumption. 

(Waddell and Williamon, p1, 2019)
The advent of virtual instruments in tandem with the rise in social media, online forums and community groups has come together in the form of various platforms. Online user forums such as VI-Control.net, styled as a ‘virtual-instruments-applications-oriented-community’ where ‘those who use MIDI Mockup to score for film, TV, movie trailers, video games and documentaries could congregate, share ideas, collaborate, network and create great music’ (vi-control.net, 2015) allow for user experiences, questions and advice to be exchanged on the topic. Similar such platforms for discussion can be found on social media websites, such as the ‘Virtual Orchestration’ public group found on facebook described as a group ‘for composers and arrangers who use samples and other electronic means to create orchestral and cinematic music’ which contains over 18,000 members. In a slightly more formalised and structured fashion but following the same principles, Massive Open Online Courses (MOOC) have become increasingly more common across a wide range of subjects. 

It was in keeping with the general ideas of such community focused approach of sharing information and providing free, unfettered access to resources that helped to inform the creation of this compendium. Initially devised as a method for research journals to share information and allow findings to be archived and made public, the approach of using an Open Access Repository can be taken in a variety of data sharing formats. The principles of Open-access (OA) maintain that a work is “digital, online, free of charge, and free of most copyright and licensing restrictions” (Suber 2004). 

1.4 Terminology

Although this work focuses solely on providing a resource to help in the practice of orchestral emulation using sample-based software, other sources referred to in this thesis occasionally refer to 'Virtual Instruments’. Although this term may have different meanings depending on the context in which it is used, those referred to here will relate to commercially available software instruments used within commercially available Digital Audio Workstations (DAWs) and notation software, typically aimed at composers seeking to mimic the sounds and performances of orchestral instrument performers. Sources which use the term in this way vary across many different formats, such as informal online video tutorials (Mike Verta's 'V.I. Techniques' videos) 3rd party surveys (Game Audio Industry Survey) to research papers (The Virtual Orchestra: A Systematic Method of Realising Music, Sundstrup, 2009).

The focus of this paper is therefore that of sample-based softwares, which emulate orchestral instruments and is stated as such, with any references herein to Virtual Instruments (VIs); either directly within this paper or referenced through other sources, relating to this understanding and usage.





 

Chapter 2 
2.1 Literature Review
In creating this compendium a wide array of sources and information were required, and of all of the stages necessary in the creation of this resource, reviewing similar existing works was perhaps the most essential. Given the nature and goal of the compendium of serving as an open access resource, it was necessary to review existing sources not only in terms of the content each included, but also in how that content was presented and formatted for users to access. Existing material which provides advice and techniques on orchestral simulations essentially forms the foundation of the compendium; which was later added to and expanded upon. The aim of this literature review is to highlight material which most helped influence and inform the compendium and how that information was used, presented and expanded upon, as well as areas which were identified as lacking in any of the sources which may be addressed in the compendium. 
2.2.2 Techniques & Information included
Given the ever expanding and developing nature of software instruments, many of the libraries mentioned and reviewed in the two published books are rather old, and as such may present a user with difficulties or limitations that more recent libraries may address or overcome. In addition to outdated software, both published books also contain other superfluous information, beyond the scope of strictly emulating orchestral instruments, with the art of orchestration itself a prominent feature, as well as synthesis techniques and information relating to MIDI that are largely irrelevant in conjunction with sampled orchestral instruments (though obvious inclusions for a comprehensive source). In some cases, software’s mentioned are wholly outdated, with some based around long discontinued software programs and/or sample players such as Gigastudio. The books also take the same approach in dealing with sequencing of each section of the orchestra individually, followed by approaches to mixing and combining the various instruments. Though significantly more in-depth and detailed than Pejrolo and DeRosa’s book, the Guide to MIDI Orchestration (Gilreath, 2000) shares the same limitations and drawbacks, which perhaps highlights why published books on this topic are the least common of the various possible formats. Many of the techniques dealt with are also commonly found in most other sources and are often simple guidelines which apply to the use of MIDI instruments in general, rather than specific instrument characteristics or those concerned with orchestral ensembles.



Previously mentioned masterclasses by Mike Verta take a step-by-step approach to demonstrate how he goes through the practice of using sample-based instruments, and the various methods he uses to improve their effectiveness, ranging from general mixing and sequencing approaches to techniques solely applicable to sample instrument manipulation. The tutorial is presented using specific instrument libraries and DAW [Pro Tools], which limits the applicability of some of the techniques presented. Furthermore, as highlighted previously, the walkthrough styled approach serving as a tutorial for a project from beginning to end makes it difficult to find a particular solution to a given problem. Another drawback of the online tutorials and demonstrations (such as those by Junkie XL) is that the techniques demonstrated are often linked to the specific tools, software and technical setup used by the demonstrator, which can limit the applicability of the given techniques for a third-party user. However, these videos have the significant advantage over some of the other works by both being more recent and up to date, as well as demonstrating the working practices of professional composers currently using these tools. 
2.2.3 Existing Research 
An alternative method to learning new methods and techniques in orchestral simulation can be found in examining researchers’ approaches to designing bespoke software for the practice. Doing so can help provide a new perspective and understanding of the various elements involved, in addition to an overview of the historical development of the tools or where the practice is situated in modern musicking today (e.g. Acoustic Instrument Simulation in Film Music Contexts, Furduj, 2014). Like commercially published books on the subject, academic papers and published research journals remains relatively sparse overall, however some of the areas of interest in this field have been explored in various ways. The Virtual Orchestra: A Systematic Method of Realising Music Composition through sample-based orchestral simulation (Sundstrup, 2009) looks at simulating the orchestra virtually using an array of interconnected commercial software programs (Sibelius Notation Programme, utilizing Sibelius Sound Sets, playing back Vienna Ensemble Instruments in Vienna Pro) in conjunction with the authors proprietary system developed for orchestral playback dubbed the ‘Film and Television Symphony Orchestra’, or ‘FATSO’. The paper is divided in two overall sections, with the first dealing with virtual simulation in general, followed by the process the author used in creating the musical works.  The primary limitation to its applicability to the general user is that not only has the author used a proprietary system; but also utilizes specific software packages. Furthermore, the orchestral pieces simulated by the author where original works composed for the research. While this provides an alternative method of analysing the effectiveness of simulations on unknown works, it also lacks the comparative options that allow a side by side review of live vs virtual, in addition to adding another challenging dimension; having to emulate existing pieces and remaining true to the original. The limitations of this approach are highlighted by the author himself stating; 

The submitted works use instrument performance techniques that FATSO is currently able to simulate and therefore avoid many of the extended techniques used in music composition that are often employed in musical works created throughout the twentieth and twenty-first centuries.
















(Sundstrup, 2009, p46)

Although the various aspects and issues concerned with orchestral simulation; such as articulations, balancing, reverberation etc. are mentioned, there is little depth or detail provided in overcoming some of the issues arising from them. Overall, while the author takes the reader through the various processes and individual aspects concerned of orchestral simulation, it is difficult to identify replicable or transferable steps for other software programs, setups, or general uses in undertaking the same practice. Although relevant to the area and this particular research, the paper is highly focused and narrowed to such a degree as to limit the benefits of a user in utilising the same approaches in their own practice, as the primary aim of the work appears to be showcasing the author’s proprietary software.  

Feigning Humanity: Virtual Instruments, Simulation and Performativity (Klein, 2016), focuses solely on synthesisers and modelling and of the research articles found, this work is one of the few that deals exclusively with the issues of musical performance and the expressiveness of virtual instruments emulating live performances. Once again, a recurring issue with the methodology chosen for this kind of research is the fact that specific packages are used. However apart from this, the analysis of micro performance characteristics and deviations in musical instruments, as well as the background reading included in the work, serves as an interesting and valuable insight to musical performances. 

The research article Replacing the Orchestra? - The Discernibility of Sample Library and Live Orchestra Sounds (Kopiez, Wolf, Platz and Mons, 2016) deals specifically with how effective orchestral sample libraries where in producing works which could be compared to live performances. Unlike the previous research paper, this is one of very few research articles or papers practically testing the comparative effectiveness of sampled orchestral instruments with existing, known and live recordings. The aim of the research was solely to discern the effectiveness of the sampled orchestra, however given the nature of the method chosen to carry out the listening tests; that of hosting the audio files online, invariably raises the issue of consistency across playback systems. Furthermore, the work fails to provide an in-depth exploration into how the virtual pieces were generated, although it does however provide a basic framework into how listening tests concerning virtual instruments could be devised. Furthermore, the work used for the listening tests used only one sample library (Vienna Symphonic Library) and used segments from a single piece of music (Stravinsky’s The Rite of Spring), and as such are limited in the replications. 

2.2.4 Literature Review Conclusion

The above sources were identified as those that were not only the most useful to the current subject of study and could contribute to the compilation of the reference table but were also those that related most closely to the of this research. The research papers which helped to contribute to and provide a framework for some of the approaches taken in building this compendium; namely that of the background research and informal studies. In terms of the commercially published material such as books and video tutorials, as outlined, the primary drawbacks and limitations common to each of these sources is that, despite often being divided and separated into sections, chapters, or areas concerned, they all take the approach of a step-by-step tutorial. While useful for beginners or someone starting a project from the beginning, finding a solution or potential remedy to a specific problem encountered for the general user can be difficult. The more commercially focused sources, while helpful, largely offer an introductory level to the practice, whilst the academic papers and journals published provide, indirectly, useful contributions but are largely focused on singular issues relating to the practice. This work aims to combine the various methodological steps previously used and expand on them significantly to create a universal resource for those working in this medium. 

· Published books, while comprehensive, feature out of date or irrelevant content in relation to the practice concerned, and the chapter by chapter approach makes it difficult to find solutions to specific problems. 

· Online articles are easier to access, but on the whole are short and often only focus on one particular dimension or aspect of orchestral simulation, rather than being a comprehensive, all in one resource. 
· As evidenced in the paper Replacing the Orchestra? - The Discernibility of Sample Library and Live Orchestra Sounds (Kopiez, Wolf, Platz and Mons, 2016), comparative listening tests can be effective in highlighting the key limitations or pitfalls of orchestral simulations. 
· Video tutorials, while possibly being more accessible, can be difficult to use in finding a solution to a particular problem. 
· Audio examples are often included where possible and significantly help in demonstrating a particular technique or before and after effect. 
Chapter 3: Informal Studies – Shaping the Compendium
3.1 Composer Survey

As the overall goal of this compendium is to serve as a useful resource for commercial and general users, it was important to understand the current landscape across general users. In order to achieve this, a survey was conducted providing information regarding usage of commercially available tools and software, and also a broad understanding of the current landscape of the use of sample-based software among composers. This survey also helped to inform the selection of software instruments and programs which would be used in the practical applications that were to follow it. The raw results of this survey are presented in Appendix C – Composer Survey.






Given the ever-expanding array of commercial software instruments and sample libraries, in addition to a wide selection of ancillary hosting programs and additional peripherals, it became necessary to devise a method of restricting the overall scope of the compendium, while still maintaining its wider applicability and usefulness. To ensure that the compendium could be used by wide selection of general composers and music makers, a series of surveys were carried out. The questions sought to learn, among other things; the extent to which these tools are being used by composers and in what ways, the common set ups and configurations as well as additional utilities or interfaces, the general views and opinions of composers today on the use of sample libraries etc.
 

The questions and general focus of the survey were informed by some of the themes and information found in the background research and existing literature. As discussed in the literature review, identified failings or limitations as well as the benefits of existing similar techniques were highlighted and noted to help shape the form and content of the compendium.
Influenced by this, key questions were devised to help further expand upon these findings and shape the end product of the compendium. Key questions formulated for the survey included:

What kind of orchestral instruments do you use? (e.g. Sample based, Synthesis based, or a combination of the two) – This question would help further clarify what kind of software instruments should be focused upon in the compendium.






Do you use educational material, either purchasable or otherwise? – This would help gauge if materials such as the compendium are currently being used, or if work such as this would find an audience. 

Furthermore, additional questions would be asked in determining if the compendium should include techniques which involve additional software or devices:

What, if any, MIDI devices or peripherals do you use in working with Virtual Instruments?

Do you use Orchestral Templates in your working practice? 

Do you use Notation software in your working practice?

3.1.1 Survey Cohort Recruitment

Desired Participants

The survey was generated and made available on the online survey website surveymonkey.com. A private link was created for the survey which was then forwarded or made available to those who could then complete it online. It was decided that in order to gain as wide and comprehensive understanding of virtual music creation as possible, the criteria for those eligible for completing the survey would be quite liberal; being open to anyone who is currently active in creating or working with music. This included both amateurs and professionals, as well as composers, engineers and orchestral arrangers, in addition to those who either currently use, have previously used or have never had an experience with sample libraries.   

3.1.2 Recruitment Methods

Online forums and social media. Specific respondents were requested by contacting them through private messaging, in addition to openly posting the survey and requesting respondents through online social media groups and forums dedicated to music creation in one way or another. 

3.1.3 Excluding Factors

The only excluding factor for anyone to take the survey was if he or she was not and had never been involved in the creation, recording, or production of in any capacity music. 

3.1.4 Ethics Approval

Prior to the completion of this thesis, ethics approval relating to the Composer Survey was submitted to and received from the postgraduate ethics board. A copy of the approval form is included in Appendix E – Ethics Approval. Respondents for the survey were entirely anonymous, with the results being stored solely on the website also hosting the compendium (www.midiorchestra.com) addition to this thesis. By agreeing to participate in the survey, those who took part gave their active consent that their responses could be used for this thesis. It was explained to all potential participants prior to their taking part the purpose of the survey and that their responses would be entirely anonymous, with no personal data collected. Participants were also made aware that they could skip any question(s) with no compulsory answers. 


3.1.5. Composer Survey Findings

In addition to researching the existing material published on the subject, the composer survey helped to inform the various decisions made in creating the compendium. This largely focused on what areas or aspects of the simulation of orchestral ensembles would need to be included, in addition to what software libraries could be used in practically applying the techniques and general attitudes of composers using these tools. Presented in the table below are some of the key findings of the composer survey (presented in full in Appendix D – Composer Survey) (and by extension which were important elements to cover in the compendium), these were as follows, as well as how those findings influenced the creation of the compendium:  

	Question
	Finding
	Influence on Compendium

	Question 8: Which Type of Virtual Instrument would you typically prefer to use?
	No respondent solely uses synthesised or synthesis modelled instruments. The majority (57%) chose sampled instruments closely followed a combination of both sampled and synthesis instruments (42%).
	This finding helped to more narrowly focus which form of virtual orchestral instruments

	Question 10: Do you use, or have you ever used, a template (Orchestral or otherwise) in your working practice as a composer?
	Respondents overwhelming use orchestral templates (80%)
	As the majority or respondents use orchestral templates, it would therefore be useful to include a section relating to this in the compendium. 

	Question 12: What, if any, MIDI devices and other peripherals do you use in working with Virtual Instruments?
	100% of respondents stated they use a MIDI keyboard in their practice, with the fewest (4%) using a breath controller.
	Although it would be useful to reference the use of other available devices and controllers which could be used, the approach of programming these instruments either directly in a DAW or via a MIDI keyboard is the main focus. 

	Question 14: After initially composing a piece using Virtual Instruments, to what importance would you place on programming the MIDI Data afterwards?
	76% agreed with the idea that programming the MIDI data of software instruments was ‘very important – just as important as the composition’.
	

	Question 15: Which of the following sample developers do you currently own and actively use products by?
	No single sample library developer was the clear preference, with Native Instruments and Eastwest being the top two highly chosen.
	Without a clear majority or preference for a particular developer

	Question 17: When choosing a Virtual Instrument to purchase, what are some of the key factors which would influence your decision to purchase it?
	In the deciding factors of purchasing a sample library, the top two influences were the articulations included followed by the playability of the instrument.
	

	Question 18: What type of Sample Libraries/Virtual Instruments do you use?
	100% of respondents use Orchestral/Large Ensemble sample libraries/software instruments.
	

	Question 20: Have you ever used free or purchased educational material (e.g. Books, Online Video Tutorials, Blog Posts, etc.) covering the use of Virtual Instruments?
	86% have used educational resources, free or purchased, covering the use of virtual instruments.
	


Table 1 – Key Composer Survey Findings

The composer survey found that most respondents used sample based orchestral instruments. As such, it was decided that the primary focus of the compendium would be that of orchestral based sampled instruments. Regarding the most common or popular libraries or software instruments, no clear library or developer came on top. As such, it was decided that no particular software program would be used; the techniques included in the compendium should be general and broadly applicable to any library.

In support of the justification for this work, most respondents stated that they actively use educational materials in learning how to use virtual instruments in general, in addition to stating that they actively use online community and social groups related to the practice. 

3.2 Listening Tests

An important element of the compendium was that of identifying first hand some of the major weaknesses, pitfalls and limitations that must be avoided or mitigated in the process of replicating musical performances with sampled instruments. For this, it was decided that a series of comparative listening tests utilising the techniques thus far gathered, analysis of which would be used to create a basic compilation of many of the key pitfalls or limitations of using these tools that should be kept in mind when working with these technologies. 

In developing an understanding of the critical drawbacks and problems encountered with this practice, it can be useful to understand the average listeners response to works created through this method. The process of emulating existing pieces of music presents significantly different challenges to those encountered when creating original works, which is further enhanced by the inclusion of live, side by side comparison recordings. As such the limitations and weaknesses of orchestral simulations are even more evidenced in this approach and require a variety of possible solutions or alternatives to help mitigate these drawbacks. 










Following on from the composer survey results and the initial research and investigation into software instrument technology and how it is used today, the next stage was in the creation of a series of existing works as ‘mock-ups’ or recreations of the original works. These served as a means of then analysing or understanding the effectiveness (or otherwise) of mimicking a real acoustic performance using emulation techniques and technologies. Following the creation of the mock-ups, a series of listening tests was then carried out involving a broad range of listeners. The sample groups had no set criteria other than to include a wide range of people and ages with mixed experiences or roles in music. Ultimately those who were included to take part in the tests ranged from musicians, music producers, engineers as well as the general public who had no previous musical experience whatsoever. Overall, three separate on-site locations were used for the listening tests which were supervised by the researcher whilst the final series of tests were created online and made available to the similar groups and individuals who had taken part in the previous composer survey. 

3.2.1 Listening Tests Cohort Recruitment

Desired Participants 

Unlike the Composer survey, the listening tests invited participants from all backgrounds and was carried out in person (through personal connections) rather than online. 

3.2.2 Recruitment Methods

Once the date, time and locations for the listening tests were established, participants were then invited to take part. Those who were asked to take part were chosen by the researcher and where asked if they considered themselves ‘non-musicians’ who had no experience in playing a musical instrument or working with musicians (e.g. recording, producing or live sound engineering). As this was an informal study, participants largely self-defined themselves in which category they would place themselves in. 

3.2.3 Excluding Factors

There were no excluding factors which would prevent any participants taking part in these listening tests. 

3.2.4 Ethics Approval

Ethics approval was received by the Ethics board, the forms of which can be found in Appendix G – Ethics Approval. The excerpts of the original recordings are included for reference purposes only. All copyright remains with the original holders. Informed consent was received from each of the participants for the listening group. The results of the Listening Tests are stored and presented solely within this thesis. 

Prior to the completion of this thesis, ethics approval relating to the Composer Survey was submitted to and received from the postgraduate ethics board. A copy of the approval form is included in Appendix G – Ethics Approval. Respondents for the survey were entirely anonymous, and by agreeing to participate in the survey, those who took part gave their active consent that their responses could be used for this work. It was explained to all potential participants prior to their taking part the purpose of the test and that their responses would be entirely anonymous, with no personal data collected.


3.2.5 Listening Test Setup/Technical Info

Separate locations were chosen to provide an element of variety and ensure that the listening environment could have no overbearing influence or serve as a factor in the outcomes. The researcher’s home studio where the mock ups were all created served as the first location of listening tests. This provided the primary benefit of serving as a listening environment the same as that used in their creation, eliminating any potential issues such as mix translation and alternate volume levels. The room was untreated acoustically, and all pieces of music were played back on Equator D5 coaxial studio monitors. 





The second location was in that of a private recording studio located in Dublin. The studio features one large recording and listening space which is acoustically treated and is regularly used as a recording and mixing space for a variety of musical projects across many different genres. 










For the tests carried out on location supervised by the researcher, the software program Pro Tools was used to playback the audio recordings, which was the same program used to create the works. A session inside the workstation was prepared with the two 30 second audio clips corresponding to each piece all placed on a separate track. Each of the audio files were exported as 24bit, 44.1khz wav files, and were mixed within their own corresponding Pro Tools sessions to be as close in volume as possible between the original reference recording and the mock up. These volume balances were then checked again a final time and altered where necessary within the final group Pro Tools session to ensure that volume discrepancies would not bias the listener’s choices. After the participants were briefed and talked through each of the questions presented on the questionnaire, the test began with each audio example being played separately one after the other.  


The works were created within Pro Tools 11 as the main DAW. As a variety of sample libraries and plugins were to be used, Vienna Ensemble Pro 5 was used to host the Plugins as it can support all plugin formats (overcoming the limitation of Pro Tools 11 only hosting AAX format). To ensure accuracy of the replicated musical scores, Sibelius 7 was used to recreate the works which in turn was converted to MIDI data and imported into Pro Tools
.
3.2.6 Listening Test Procedure

Each group was played two extracts of the same piece of music; one of which was the original recording of a live orchestra or live musician ensemble, and the other that of the emulation. The listener was then asked to choose from the two audio recordings for each piece heard: A or B, which was 'real' and which was ‘virtual’. The order of which corresponding audio piece was real and which was virtual had been mixed so as to again avoid a bias or any potential pattern, i.e. for the first two pieces, audio A was the mock up, followed by audio B for the next piece, then audio A etc. The participants filled in the questionnaire as the pieces were being played, with any audio files or segments being replayed anytime a listener requested.

3.2.7 Listening Test Music Selection

The pieces of music chosen to be recreated virtually were selected by several criteria to ensure the validity, accuracy and general flexibility and limitations of sampled orchestral instruments across a multitude of circumstances and performance instances. Primarily, a wide array of instruments had to be included as to provide a comprehensive overview of some of the most common instruments necessarily needed for contemporary composers today. By extension this also had to include a variety of ensemble groupings and arrangements in order to test how various instruments can be recreated within the different set ups.  Following on from this, a cross section of genres and styles also had to be included to represent a cross section of idioms, with the genres ultimately including Folk/Traditional, Jazz, Small Ensemble Classical, and Large Scale Orchestral. Across all genres, instruments and ensembles, each piece also had to feature extensive articulations and performance techniques comparable to pieces of that style and genre ranging from effects such as tremolo, pitch bends, legato phrases etc. Lastly, of the pieces chosen ideally some would be recognised by members of the cohort or, if unfamiliar with the piece, would have heard at least similar pieces in that style to have some prior knowledge of it. To fulfil this criterion, the large-scale orchestral pieces were chosen to be representative of that style and which form the important emblematic elements that a listener will at least be comfortable with in recognising. In contrast to this, ‘obscure’ pieces were also included so as to compare any correlations between previously hearing or knowing of a piece of music and having no foreknowledge of a work and how this results in the listening tests. The following pieces of music were chosen to be emulated virtually, constituting six pieces divided between three small scale works and three large ensemble groups. Each of the pieces; both the mock-ups and the original recordings, are included in the accompanying CD (Appendix E – Audio CD). The pieces chosen to be emulated are as follows:

	 Instrument 
	Library
	Developer 
	Piece

	Piano
	Piano in blue
	Cinesamples
	Bill Evans: My Foolish Heart

	Upright Bass
	Trilian
	Spectrasonics
	

	Drums
	Brushes, rods 
	Superior Drummer
	

	Solo Strings
	Symphonic Orchestra
	East West
	Haydn String Quartet in D minor

	Guzheng
	Silk
	EastWest
	High Mountain, Flowing Water

	Orchestral/Large Scale Works

	Instrument
	Library
	Developer 
	Piece

	Strings
	Hollywood Strings
	EastWest
	Daphnis et Chloe

	
	Albion II
	SpitFire
	

	
	Symphonic Orchestra 
	EastWest
	

	Brass
	Hollywood Strings
	EastWest
	

	
	Albion II
	SpitFire
	

	
	Symphonic Orchestra 
	EastWest
	

	WoodWinds
	Hollywood Strings
	EastWest
	

	
	Albion II
	SpitFire
	

	
	Symphonic Orchestra 
	EastWest
	

	Percussion
	Hollywood Percussion
	Eastwest
	

	Choir


	Symphonic Choirs
	Eastwest 
	

	Instrument
	Library
	Developer 
	Piece

	Strings
	Hollywood Strings
	EastWest
	Mars, the Bringer of War

	
	Albion II
	SpitFire
	

	
	Symphonic Orchestra 
	EastWest
	

	Brass
	Hollywood Strings
	EastWest
	

	
	Albion II
	SpitFire
	

	
	Symphonic Orchestra 
	EastWest
	

	Percussion
	Hollywood Percussion
	Eastwest
	

	
	Stormdrum 2 
	Eastwest
	

	Instrument
	Library
	Developer 
	Piece

	Strings
	Hollywood Strings
	EastWest
	Piano Concerto No. 2 

	Piano
	QL Pianos 
	EastWest
	


Table 2 - List of Software Libraries used for each mock-up.
3.2.8 Listening Tests Findings

To gain an understanding of the possibly limitations and drawbacks of pursuing such a task, a series of preliminary audio works were recreated. The works selected made use of a variety of instruments in several different genres. By carrying out this series of working tests, a number of issues were highlighted and brought to the fore. Presented below are the results of the listening tests along with the findings of the key problems and limitations that became evident; either to the listeners or which became apparent in the creation of the works. 
	         Correctly Identified: 
	Non-Musicians (13) 
	Musicians, Composers, Music Producers, etc. (29) 

	
	Yes 
	No 
	Yes 
	No 

	1.High Mountain, Flowing 

Water 
	47% 
	53% 
	82% 
	18% 

	2. Haydn String Quartet 
	24% 
	76% 
	58% 
	42% 

	3. Bill Evans – My 

Foolish Heart 
	84% 
	16% 
	89% 
	11% 

	4. Rachmaninoff Piano 

Concerto No.2 
	13% 
	87% 
	68% 
	32% 

	5. Daphnis et Chloe 
	39% 
	61% 
	65% 
	35% 

	6. Mars, Bringer or war 
	69% 
	31% 
	100% 
	0% 


Table 3 - Listening Test Results

	Audio Excerpt
	Key Giveaway/Weakness of the Simulation

	1.High Mountain, Flowing Water 
	Clear lack of resonance/sustain among the strings compared to the real piece.  

	2. Haydn String Quartet 
	Subtle differences in pitch and articulations of the real piece compared to the virtual.  (Compendium Imperfections & Artefacts 3b)

	3. Bill Evans – My Foolish Heart 
	Unconvincing brushed drums performance. Background Noise/Ambience more prominent in real version. (Compendium Imperfections & Artefacts: 3c)

	4. Rachmaninoff Piano Concerto No.2 
	Weaker articulations and phrasing in the string sections compared to the original. Less homogenization.  

	5. Daphnis et Chloe 
	Subtle differences in performance and characterization of solo instruments, particularly the solo flute.  

	6. Mars, Bringer of War 
	Poor sounding brass performance, particularly with the rapid change in timbre from quiet to loud which is poorly emulated in the virtual version.  


Table 4 - The most prominent limitations/drawbacks relating to each mock up as revealed through the listening tests. These became some of the key points to be addressed in the compendium with possible solutions to minimizing their limitations.

Chapter 4 Methodology

4.1 Creating the Compendium as an Open-access Resource
In order to build the compendium and ensure the various aspects concerned with the practice are covered, a number of practical methods were explored in addition to the background research into the current literature and sources available presented in the previous chapter. Through each of these stages, the most useful and effective methods were compiled into separate categories each relating to the various aspects concerned with sample-based instruments and programming.
From reviewing the existing works and literature therefore, several key decisions where taken:

1. As many elements of existing published material is now outdated or irrelevant, the need to update and edit on an on-going basis is essential. For this reason, it was decided that hosting the compendium online would more easily cater to this. 

2. Rather than using a complete ‘tutorial’ style approach used in many of the published books or online videos whereby the user is taken step by step from beginning to end, it was decided that the compendium would be of a more direct, concise and ‘technique specific’ format. This would allow users to more quickly and easily navigate to a technique specifically aimed at addressing a particular problem. 

3. Techniques or information provided should avoid referencing specific products, software or a particular brand of developer where possible to avoid bias or influence. Where this is not applicable is in cases of using examples or if a technique can only be applied to that particular software/product. 

4. Audio examples, diagrams and other third-party references should be provided along with the techniques to make their understanding clearer. 

5. Given the wide range of sources referenced, the material should be open access and available to anyone.

6. The compendium should be comprehensive and span across all of the various different disciplines and aspects involved in orchestral simulation.

Following on from these key findings, a plan was set out to ensure that the compendium would cover the necessary information and be constructed in such a way so as to be most useful. Four separate steps were devised in order to help achieve this, as presented below: 
	Step
	Method
	Aim(s)

	1. Review Original Sources & Existing Works 
	Review existing published works and similar material to the compendium (As explored in Chapter 2.2 Literature Review)
	Build the initial foundation of the compendium with general techniques. 

Find other research gathering means which could help in creating the compendium.   

Review presentation formats of material (e.g. published manual, online article, etc.) to help identify strengths and weaknesses of the various means the compendium could be presented.  

	2. Composer Survey
	Open, informal survey targeted at composers and general users of sample-based instruments. 
	Like the literature review, the survey seeks to gain a brief overview of the current attitudes and preferences of composers to help inform some of the decisions made in creating the compendium. Ensuring its relevance and potential usefulness. 

	3. Listening Tests, Original Compositions & Audio Examples
	Create a series of mock-ups of existing pieces in addition to original works and audio examples. 
	Comparative listening tests will help reveal some of the key weaknesses and ‘giveaways’ of orchestral simulations which should be addressed in the compendium. Audio examples and original compositions will be used to accompany techniques in the compendium to help demonstrate them. 

	4. Compilation of the Compendium
	
	Compile the various techniques, tips, methods and general findings in one resource.  


Table 5- Steps to create the compendium
4.2 Original Sources & Existing Works
In developing the compendium, attribution of a given compositional/manipulation technique to a given source proved complex. Where the same technique appeared in multiple sources, the technique was attributed to the source which provided the most in-depth or thorough explanation of the technique. Supplementary information gathered from other, smaller published works were also used; namely serving as a means of informing this research regarding the software packages available to be used. The Virtual Orchestra series on keyboardmag.com, whilst also providing useful information on the practicalities of MIDI orchestration, also serves as a compendium of some of the more popular libraries. SoundonSound's ‘buyer’s guides’ for brass and string sample libraries (Stewart, 2015) being one of the more recent and up to date listing of the key libraries available, as well as providing an overview of each and their respective pros and cons was one of the primary sources used for this apart from the composer survey. In putting together a comprehensive list of some of the most current and up to date sample libraries and software instruments, as well as the most common DAWs and software configurations used in conjunction with them, buyer’s guides, books and forum polls were the primary sources.
4.3 Original Compositions & Audio Examples
As found by reviewing the similar works in the literature review (As highlighted in Chapter 2.2.4 Literature Review Conclusion), the inclusion of audio examples is prevalent with both published material and online articles demonstrating orchestral simulation techniques. As such, it was decided that original works and audio examples would be used to accompany some of the techniques included in the compendium. This includes both simple and short audio clips to demonstrate a technique, to short original compositions. Short pieces of original music and audio examples were created to help explain or demonstrate specific techniques included in the compendium. While sampled orchestral instruments are used routinely to imitate existing works and recordings; more commonly as a means of developers or users to test or display the software’s effectiveness, the primary use of sampled instruments is in the creation of original works. This process of composing original music using sampled instruments allowed for the application of techniques which may not have been used for the creation of the listening tests or allowed for additional instrument groupings. 
A short overview of the original compositions can be read in Appendix E – Original Compositions & Audio Examples, with their inclusion as examples used in the compendium. 

Chapter 5 Key Issues & Considerations
The widespread use of music throughout and accompanying other forms of popular culture, particularly within digital media such as films and video games, has meant that listeners do not necessarily need first-hand experience of certain musical performances and recordings to have gained a comprehensive understanding of particular characteristics and idioms of those instruments and their contexts. This means that listeners, regardless of their background and knowledge of the form, are likely to have an inherent understanding and preconceived expectations of various music instrument. It is these expectations, built as a result of the canon of ongoing music development for the past several centuries, that must be kept in mind and catered to when trying to successfully feign a musical performance by that of an acoustic instrument. This knowledge might include factors such as how an instrument may sound in a given acoustic space, how a typical instrument section would compare in volume to a solo instrument, how long a wind player or vocalist could sustain a note or pick up on the absence of performance noises and ambience. 

5.1 The Software
The challenge of rendering snapshot recordings of musical instruments and combining them to create a cogent and coherent piece of music that is seemingly performed by a real musician has gone through decades of developmental processes by dozens of different sample developers. One of the earliest issues encountered with using sampled instruments was linked to the extremely limited memory size available. With limitations of technology, the earliest sample libraries often contained only one or two recordings of the same note or sound, which invariably meant that any passages featuring the same sound was repeated. With no differences or variations in the sound, which could easily be noticed and is one of the simplest indicators of a sampled piece. Replacing the Orchestra: The Discernibility of Sample Library and Live Orchestra Sounds notes: 

Although sample-based emulations came very close to the natural sounds in terms of evaluation, missing time-variant characteristics in the steady-state phase of an instrument sound remained a shortcoming of emulation principles.










(Kopiez et al., 2016)
With the increase in computing power and memory storage, so too did the range of samples developers could include with their libraries, which resulted in ‘round robins’; the process where the same note of hit is sampled several times to ensure a suitable number of variations in each performance. 

Smooth transitions between consecutive notes were also difficult to render realistically, often requiring the user to artificially alter the attack and release times of notes in series so as to ‘blend’ together and give the impression they are being performed. In an attempt to overcome this issue, developers soon began including samples and scripts within their programming engines which featured ‘real’ or true legato; whereby legato or portamento transitions were recorded actually moving from one note to the next. 

Given the fact that a sample is nothing more than a recording, the ability to impart any kind of expressive performance or variation into the samples can be extremely difficult to work around. Initially, the only options available to users was that of using the volume control and envelope filters to artificially sculpt the performance and alter the sound from that of the fixed sample. This method is highly limiting and unrealistic, as while the overall volume of the sound may change, the timbre and tonal quality of the sound would not be altered from that of the originally sampled timbre. In some cases, this issue can be overcome by allowing for both velocity and dynamics to be controlled simultaneously but separately through using either the Mod wheel (CC0) or the Expression control (CC11). Using this method, which is commonly referred to as ‘crossfading’, an instrument could be initially played performing a note at pianissimo (very quiet) and then gradually increase in loudness to fortissimo, with the realistic change in timbre occurring along with the volume increase, just as it behaves with a real instrument.  Greater, independent control can be gained by having the timbre or loudness of the instrument linked to one MIDI control, whilst the level of vibrato being applied was linked to another. This allows for incremental changes and a greater level of control of over two independent parameters. 

As sample libraries began to grow in complexity, developers began to expand the amount of content provided and more control options on the overall aesthetic of the sound came into focus. Multiple microphone positions ranging from close micing, to stage, to room or ambient mics are typically provided now with most libraries and offer the user more control over the overall sound of the samples; meaning that the users are becoming less and less restricted to the initial sampled sounds. An additional extension of this mean that orchestral libraries can also be recorded in the panning position they would occupy within a real orchestral performance. Orchestral libraries also for example feature the close mic selections recording the instruments in situ with the mics ‘pre-panned’ to where they would be sitting in a real orchestral hall.

Another element now being used by developers is that of choosing particular recording aesthetics and offering additional processing options along with their libraries. Quite often, sample libraries featuring a particularly niche genre or sound aesthetic will have been recorded using microphones and hardware similar to that used to record the instrument on live records. One typical example of this is Cinesamples Piano in Blue, which not only features the actual Steinway D piano used in some of Columbia records most famous Jazz recordings, but also uses the same microphones and outboard gear that would have been commonly used on the piano at that time. The library also features an option to impart tape hiss and an option to collapse all mics into one single mono mic output to mimic the recording practices at the time. Eastwests Hollywood series of libraries also features a ‘vintage’ microphone option which aims to help the user achieve the sound aesthetic of the Hollywood era of orchestral recordings which the library is geared towards. 
Chapter 6: The Compendium Techniques
6.1 Drawbacks of Orchestral Simulations

Before beginning to explore the applications and techniques of using sampled orchestral instruments, it may be worth briefly exploring some of the general drawbacks or negative aspects of the practice. There has been a perception that the use of digital instruments; particularly those which emulate acoustic instruments, may be, or are, endangering the livelihood of musicians. Though there is little concrete data or evidence to support this claim, it is an idea which has been around from the very inception of modern digital instruments. This can first be seen with the advent of the Yamaha DX7 synthesizer where ‘it was seen by some as a threat to employment’ within the musician’s unions at the time (muhistory.com, 2018). This is also demonstrated by the previously mentioned case of the Broadway Musicians strike. This wariness of virtual or digital instruments can still be felt in some quarters. However, it is worth noting that, for some composers, the issue of replacing ‘live’ musicians for digital instruments can largely be a decision down to the production or hiring company they work for and the constraints placed on them, be they time or budgetary. Examples of this can be seen at all levels, from amateur and small budget productions to large scale works. Composer Christopher Gunning is quoted in an article in the Guardian saying;

Increasingly I hear of composers who are being forced to write and record the music in their bedroom, as it were, because there is simply no budget for live musicians.










(Gunning, 2013)

This is also reflected in the Game Audio Industry Survey (Figure 1) which demonstrates that the majority of respondents stated that their work is largely self-performed; either with live instruments played by themselves or with the use of digital instruments. 

While interviewing music supervisor Maggie Rodford, interviewer Pascal Wyse raises the point when discussing the impact of newer technologies that greater freedom with recording and editing has resulted in a kind of ‘infinite editability’. Where before musicians, composers and recording engineers where limited to a set number of tracks available, or had to produce physical, handwritten scores, the advent of digital audio has largely eradicated such limitations. This could be seen as extending even further with the advent of MIDI and composing within a Digital Audio Workstation (DAW), with Wyse commenting on the idea of composers becoming ‘musical secretaries’ as producers and directors are aware that these works can be continually changed and edited (Wyse, 2015).





Composer, orchestrator and online music educator Thomas Goss (Owner of orchestrationonline.com) discusses concerns about the impact of using digital instruments on the art and craft of orchestration, saying; 

there is a danger in composing to the sound, in that developing composers may become accustomed to the limitations, and start to abandon the realities… From the perspective of a professional concert music composer, the process of making a sound set sound good means embracing its limitations. Unfortunately, this limits the type of music one can effectively compose.

(Goss, 2013)

This is an issue often highlighted when discussing the negative aspects of using orchestral sample-based instruments in emulating the sound of an orchestra. As these instruments, whilst coming a long way in their technological developments and capabilities, remain heavily restricted in what they can and cannot do. As such, there can be a tendency for the user to edit the musical content to conform to those limitations. As Goss further elaborates; 
The real risk is that young composers will start…treating sound sets as instruments in and of themselves, rather than merely as tools. We may be raising a generation of musicians that have little interest in the realities of dynamic balance, technical limitations, and a host of other practical concerns that every professional orchestrator must face.

(Goss, 2013)

This is an issue which is repeatedly mentioned in many of Composer Mike Verta’s online masterclasses; how over reliance on these tools can diminish the overall practice of learning orchestration by allowing for unrealistic balances or sounds;

while I won't say that if you have no orchestrational experience that working on a virtual template will teach you orchestration...it will do a pretty good job…If you have a properly balanced template, you really can learn a thing or two about blending colours. If you have an improperly balanced template; not only have you not learned it, but you try to make real players sound like a mock-up...This happens every day. Guys who all they've ever done is work on templates and then they get a live gig and they spend a session trying to get the orchestral players sound like the mock-up. The sound isn't right because your sound wasn't right.   











(Verta, 2017)

As such, the importance of creating realistic emulations of instrument performances, sounds, and blends or balances became a critical element of the compendium. This is even more crucial in cases where a user is creating a mock-up of a work which is to be later performed by live musicians. Composer Jerry Gerber reinforces this point in an interview with Keyboard Magazine; 

A common mistake that composers make is that they don’t rely on real-world orchestration. You have to know the basic principles, such as voice leading, chord spacing, and the individual characteristics and ranges of each instrument.










(Gerber, 2005)

Comments such as these by composers, songwriters and music producers highlight just some of the many key problems that can be encountered when using software to emulate acoustic instruments. These issues range from limitations of the software, the perceived negative impact on musicianship and orchestration, and the influence of these software instruments on the process of composition and song writing. 

6.1.2 MIDI & the Sampled Orchestra in Practice

To further explore the potential problems a user can encounter when attempting to imitate acoustic instrument performances, a series of short music examples were used. These pieces, including both original compositions and existing music works, were selected to represent a wide range of instruments, articulations and genres. Noted below are the key drawbacks or limitations which were encountered while creating the music examples which are summarised and included in the compendium. 
As MIDI data is confined to a set of values ranging from 0 – 127, where each value can correspond to a single sample, the number of possible velocities for each is note will always be limited to conform to this range. As a result, gradual increases or decreases in velocity over a passage of music can reveal this limited range during long transitions.   
Piano pedal: Whilst many high-end piano sample libraries feature actual samples whereby the notes are affected both with a pedal (Sustain & Dampening) and without, the effect of only partially applying a pedal is really not feasible given the huge number of possibilities of pedal variation with note velocity.  This issue was encountered while working on the piano parts of Rachmaninoff’s Piano Concerto No.2, and in particular Bill Evans My Foolish Heart, which makes use of various degrees of pedal applied to different notes. Whilst this is not an issue realistically overcome with samples, the use of a synthesised piano or one in which both approaches are used would be much more flexible. 







Whilst recorded samples will generally be more realistic and convincing than 

synthesised or artificial articulations, they can also be severely limiting and restrictive. One example is with the use of pitch bends; sampled pitch bends will sound more realistic but will also be limited to the range and speed of the sample. This can be overcome by instead using pitch bend automation to create the effect artificially. The short mock-up of the Chinese traditional song High Mountain, Flowing Water had to make use of both sampled pitch bends, as well as pitch bend automation within the DAW where the sampled effect was too restrictive or limited.  
 
 
 
 
 
 
 
 
 
 
The use of various articulations within the same piece of music on the same instrument is typically a critical aspect of a convincing performance. However inconsistencies in the sampled articulations within the same instrument can be quite disastrous and quickly make a passage of music unbelievable. Radical differences in for example volume, playing intensity, expression, etc across the same set of articulations, e.g. a violin patch switching from one bowing articulation to another mid-melody, can at best require the user to perform micro-editing and further balancing to create consistency and at worst, leave the piece of music unusable. This is most likely to happen where the recorded room tone and reverb on two different articulation sets vary to a noticeable extent.     

 Fixed length articulations can severely restrict or limit their uses in different tempos or styles of playing. This can lead to 'playing to the samples', where the user changes or adapts the music, such the tempo, in order to conform to these limitations.   

Libraries which use key switches to switch instantaneously between articulations can be problematic if the sound is not entirely uniform. For example, having a violin section switching between legato into tremolo and the recorded space sounds different on the violins playing tremolo than when playing legato. This issue was encountered trying to recreate Haydn’s String Quartet where inconsistencies in the sound of the various articulations proved to be highly limiting and detracting from the overall realism of the performances. Instruments/particular notes created with not enough sampled velocities or dynamics will have to rely on the use of volume automation instead of realistic crossfading. This is particularly true with older sample libraries, or with products from small or independent developers and with unusual or niche instruments.   
 
 
 

Many of the ranges of instruments included in sample libraries extend to those were only the most highly professional and skilled musicians are able to reach. This can provide unrealistic expectations where a piece is to serve as a mock up for more general or less experienced players. Aiming to record and play in a part manually can help prevent accidentally writing something that is physically impossible to play, e.g. a piano part that requires more than ten fingers, or having a woodwind part playing for an unrealistically long time.   
 
 
 
 
 
 
 
 





Alternatively, some sampled instruments may not necessarily cover the full range of what is entirely possible on certain instruments. During the recreation of Ravels Daphnis et Chloe, it was discovered that the sampled Oboe being used (Eastwest’s Hollywood Woodwinds) did not extend fully to the highest note called for the score. While limiting, this is understandable, as the notes called for in the piece are very rarely used; requiring the most professional and skilled musicians to play effectively in that extreme register.  In a similar vein, some sampled instruments may not contain many round robins or enough dynamic layers to provide a suitable number of variations. If round robins are not available for a particular note, one possible work around is to play alternate notes on other pitches, but then use pitch automation so all notes played are the same. E.g. for a series of C notes, play C, B, Db, C; automating the pitch of the middle two notes to raise and lower by a semitone respectively. The notes will sound of the same pitch, but will have slight variations between them.   
 
 
 
 
 
 
 
 
 




Different sample libraries and developers can utilize MIDI Ccs in diverse ways, i.e. one developer uses CC 0 for expression, while another uses CC 11. One sample library controls the level of vibrato by velocity, another assigns it to expression. This can lead to problems where, in the case of doubling a MIDI part and copying it from one sample instrument to another, any MIDI data automation that controlled one particular aspect of the first instrument may control something entirely separate for the other.  
 
 
 

Amateur composers who are new to orchestration and who use sample orchestral instruments with the intent of later continuing to work or write for real musicians should beware 'quick fix', 'broad stroke' or 'ready-made' orchestral sounds. Sample instruments in such packages as Project Sam, which features string sections playing octaves, or Hollywood Orchestra or Iceni which feature non-descript 'low brass' patches, can easily contribute a kind of orchestral ignorance. 










Although emulation of orchestral instruments and ensemble groups can be approached in a variety of ways, it was decided that for the compendium the primary focus would be that of sampled based emulation. The reasons for this were twofold; firstly, though several years old, the research article Perceptual and Acoustical Features of Natural and Synthetic Orchestral Instrument Tone (Kendall et al., p336, 1999) found that of the three primary methods of instrument simulation; sampled based, synthesis based or a hybrid of the two combined, sample based was found to be the form more commonly mistaken for a live instrument. Secondly, the composer survey (Appendix D – Composer Survey) showed that of the respondents, the majority used sampled based instruments. Despite the Compendiums focus on sampled instruments however, most if not all of the techniques included are entirely applicable to other forms of instrument emulation or other auxiliary aspects applied in relation to them.











The following are each of the individual sections which when collected together form the entire compendium. Each section or category is separated by the aspect or factors concerned; with first an overview or analysis of the general area, followed by the specific techniques comprising the compendium. These are then explored in depth with the sources/references where they were found.








The compendium, presented in its complete form in Appendix A – Chapter 6 The Compendium, largely avoids providing techniques or advice relating to specific software, libraries or developers. Where this is not in the case is in relation to techniques that specifically require a particular software package or program, or in order to illustrate representative examples of certain approaches taken by developers. 




Additionally, as it was found that much of the existing published material often only deals with certain topics or narrow aspects relating to the practice of digital sample instrument simulation, the compendium was designed to deal with all aspects that a user may encounter. The techniques are thus divided into the different related disciplines or concerned areas under separate headings to allow for easier use and navigation of the table. 

6.2 Original Compositions & Audio Examples used in the Compendium
An important facet of the use of these technologies is the influence and overriding impact these tools have on the practice of music composition itself, their affordances and constraints. To ensure an overall and first-hand account of this practice has been explored, a series of compositional works were created in a variety of genres and consisting of multiple instruments and articulation performances. In conjunction with the listening tests, these original pieces provided another method of discovering some of the limitations of orchestral sampled simulations from an alternative perspective.    

In a similar vein to the mock ups, the original compositions were created to feature a number of different instruments gradually growing in size and complexity and to make use of the broad range of techniques accrued from the initial research into creating the mock-ups; later to form the compendium of Sample instrument techniques.  By creating the original pieces in parallel to the Mock-ups, techniques discovered and applied in the mock-ups were then transposed to be used in the creation of the compositions as well as in some instances vice versa, where techniques initially tested and used in the original works were then applied to later mock-ups.  
 
 
 
 
 
 
 
 
 

 
The tracks that would later comprise the portfolio were created in various iterative stages; both with a focus both on developing the compositional aspect and musical content as well as the believability of the performances as generated by sample instruments, keeping in tandem with the mock-ups. Each of the pieces are presented on Appendix D – Audio CD, with the track numbers included in each song title.  

Presented below is a list of each of the audio examples and original compositions which were used to accompany the techniques of the compendium. Included with each piece is the technique in the compendium which it corresponds to, which can be viewed in Chapter 6 The Compendium. 

	Audio Example
	Original Composition
	Compendium Category 
	Technique

	
	19. Joseph Murphy – Guitar Strum Simulation
	6.4.1 Articulations
	4n) Strumming

	
	21.Joseph Murphy – Emulating Distance
	
	

	
	18. Joseph Murphy - Large Ensemble (Full Orchestra & Choir): In the Shadow of the Mountain
	6.4.1 Articulations
	4b) Simulated Tremolo or Vibrato

	
	From a Glimmer to a Shine
	
	

	6. Bill Evans: My Foolish Heart VIRTUAL
	
	6.4.1 Articulations
	4t) Simulated Cymbal Swells

	
	14.Joseph Murphy - Duo (Soprano & Euphonium): Orexis
	6.5 The Voice
	

	
	20.Joseph Murphy – Emulating Distance
	6.1.2 Panning & Positioning Technqiues
	1d) Use High & Low Pass Filters to Position Instruments


Table 6 - Original Compositions & Audio Examples used alongside some of the techniques in the compendium
6.3 Balance, Panning & Positioning

In attempting to replicate the sound of any instrument, one of the most crucial elements concerning the success or failure of such an endeavour largely relies on the user’s knowledge of that instrument. This however invariably goes beyond merely knowledge of how the instrument itself sounds or is used in composition or orchestration, but also how it is played, its general characteristics, as well as how it sounds within a given space acoustically. 
When attempting to emulate an ensemble; particularly an orchestra, these aspects are compounded even further by how each instrument sounds in relation to each other. Music educator and composer Alan Belkin in his treatise Artistic Orchestration, notes;

Computer simulation of the orchestra is of course a useful tool, and its quality is constantly increasing. But to do a really convincing simulation requires that one already know, in some detail, how the passage must sound; most nonprofessional simulations are poorly balanced and woefully lacking in refinement. 
















(Belkin, 2008, p4)

It's notable that of all issues, difficulties and pitfalls that can arise trying to emulate the sound of an orchestra; such as unrealistic or 'robotic' performances, poor sound quality, unconvincing articulations, etc. the two that Belkin specifically mentions are can be 'poorly balanced' and 'woefully lacking in refinement’. Whilst individual instruments and small ensembles, sampled or otherwise, may sound highly effective on their own, one of the most telling aspects of an artificial orchestra is that of blend and balance; how each section sounds relative to another. Although this is an issue faced by composers and orchestrator’s in general with real life orchestras; a large part of the art of orchestration lies heavily in writing a coherent and effective balance itself, when it comes to simulations of the orchestra.

On the issue of blending and internal balancing within an orchestra, it can be beneficial to at least briefly explore how the treatment of this issue with orchestral recordings have been dealt with in the past. For centuries, ongoing developments and refinements were made to the orchestra relating in balance and blend, with section sizes changing and evolving over time. With the advent of recording, although changes had to be made the overall layout of the orchestra in order to compensate for the poor quality and sensitivity of the earliest recording equipment, largely the main aim was to stay true to the sound of a real orchestra as heard in a concert hall in real life. This standard sound remained largely idiomatic for all subsequent orchestral recordings as recording equipment and techniques developed. This changed however, with the works of Bernard Herman, one of the most prolific and critically acclaimed composers of all time. Having first come across the practice in the world of radio broadcasting, he was the first to make use of the recording opportunities now available to manipulate the sounds for his scores, which often featured both Orchestral and electronic instruments. Herman used the ability to overdub and record instruments separately in order to create new blends and balances previously unachievable. In the BBC documentary series '20th Century Greats’, one episode dedicated entirely to Herman explains:

Hollywood composers of the 1930's led by Max Steiner and Erich Korngold more or less imported lock stock and barrel the orchestral sound of 19th century Vienna into their film scores.....But Herman realised that for film, which was a one off, this was nonsense…thanks to close miking in the sound studio, he could bring together instruments that couldn't possibly be heard together in the concert hall. 














(Goodall, 2004)

For the very first time, sounds of the orchestra and its traditional balances were being defied. This technique of manipulating recording techniques to achieve otherwise impossible sounds, textures and balances continues to this day in modern film scores. Inevitably, this raises an important, but perhaps largely subjective, issue for the virtual orchestrator. As sample libraries are largely nothing more than recordings, this option of manipulation and audio trickery is always available and therefore so is the question of whether to approach the sound of the orchestra as 'authentic' and purist or not. For his online article 'Records and Reality: How Music Sounds in Concert Halls' Robert E. Greene states;
Almost all records are made with the microphones closer to the performers than the audience would be. The sound very close to the performers is also an aspect of the absolute sound of live music. But the sound that the composer and the performers intend for us to hear is the sound at audience locations, and the sound the audience would hear is presumably what we should be trying to hear at home from our audio systems.












(Greene, 1985)

Therefore, the use of sampled orchestral libraries offers the composer a choice; to try to emulate the balance, sound, blend and panning/positioning of a live orchestra as heard by an audience perspective, or to ignore these conventions and historical practices as other recording technologies have allowed. Another issue that arises which concerns balance, blending and performance. One of the key contributing factors to the homogeneous sound of, for example, an entire string section of an orchestra, is that each player must react and adapt to the other players. This is in regards to aspects such as timing, articulation, tuning but most noticeably in terms of volume. However, as many orchestral sample libraries feature instrument sections recorded separately, these can sound separate and disjunct when played together. As composer Jerry Gerber states;

whether you use samples of acoustic instruments, complex synthesized textures, voice, recordings of live instruments, or sounds occurring in nature, there’s an art and a craft to assembling them in a meaningful and expressive way. The principles are the same, whether you’re dealing with a virtual orchestra or a real one 









(Keyboard Magazine, 2005)
6.3.1 Balance Techniques
	Category

1) Balance
	a)

b)

c)
	Technique 

Use reference audio stems to balance instruments & sections appropriately

Maintain a standard benchmark of velocity levels to dynamics when contrasting or combining relative volumes

Ensure that dynamic and timbral changes are accurate to individual instrument registers
	Tools/Applications

Comparative audio stem recordings of a live orchestral piece
	Effect

Provides a reference source for comparing and contrasting dynamic levels and balances
Ensures a level of dynamic consistency across the entire piece and orchestra

Ensures realistic instrument performances 


Table 7 - Compendium: Balance Techniques

1) Balance a)

The use of reference material can be extremely useful in a variety of disciplines, from production, mixing and mastering to volume balances and performance emulations in the case of orchestral simulations. This can be significantly more useful where the reference material is very similar to the work concerned; in terms of orchestra composition, genre, articulations and performances and the acoustic space to be emulated. However in the case of virtual simulation, this can be even more applicable and closely emulated by using individual stems of a live recording session. By comparing stems of individual sections and separate microphone positions, and contrasting the balance and blend between each, the user can more accurately analyse the relative balances of volume, panning and positioning. 
Two such sources of orchestral recording stems that are provided specifically for the purpose of MIDI orchestration balancing and/or mixing can be found along with Mike Vertas Virtuosity masterclass and Thinkspace Education’s Mixing Cinematic Music series (The former being available only through purchasing the masterclass, the latter free by subscribing through email). These stems contain not only individual sections, but also individual microphone positions for specific instruments and groupings. If the user wishes to emulate a realistic or live orchestral balance, it is important to balance not only the contrast and relative power between instrument sections, but also ensure that the individual instruments volume levels are accurate and matched with the other players. 

	NOISE SOURCE
	dB
	Peak

	Single musicians

	Violin/viola (near left ear)
	85 – 105
	116

	Violin/viola
	80 - 90 *
	104

	Cello
	80 - 104 *
	112

	Acoustic bass
	70 - 94 *
	98

	Clarinet
	68 - 82 *
	112

	Oboe
	74 - 102 *
	116

	Saxophone
	75 - 110 *
	113

	Flute
	92 - 105 *
	109

	Flute (near right ear)
	98 – 114
	118

	Piccolo
	96 - 112 *
	120

	Piccolo (near right ear)
	102 - 118*
	126

	French horn
	92 - 104 *
	107

	Trombone
	90 - 106 *
	109

	Trumpet
	88 - 108 *
	113

	Harp
	90
	111

	Timpani and bass drum
	74 - 94 *
	106

	Percussion (high-hat near left ear)
	68 – 94
	125

	Percussion
	90 – 105
	123-134

	Singer
	70 - 85 *
	94

	Soprano
	105 – 110
	118

	Choir
	86
	No data

	Normal piano practice
	60 - 90 *
	105

	Loud piano
	70 - 105 *
	110

	Keyboards (electric)
	60 - 110 *
	118

	Several musicians

	Chamber music (classical)
	70 - 92 *
	99

	Symphonic music
	86 - 102 *
	120 - 137

	* at 3 m

	


Table 8 - An estimate of the volume levels of each orchestral instrument. Though approximate, this table can be used to help gauge and illustrate the relative volume differences between instruments, e.g. that a French horn should be louder than a Clarinet, etc. (soundadvice.com, 2007)
Where individual orchestral stems are not used, reference works of a similar work can be used to contribute to the balance and overall sound. For example, with the proprietary Virtual Orchestra used for live shows such as on Broadway, Bianchi notes how they would:
use the overture to Mozart’s the marriage of Figaro to establish balance in the string sounds, woodwinds and timpani, and the prelude to Bizet’s Carmen to adjust the large orchestral tutti sound which includes full brass and percussion.














(Bianchi, 1998, p1) 
While the use of complete audio tracks can be extremely beneficial, it may at times be more prudent to use orchestral stems of a given recording in order to more accurately compare and contrast each of the sections individually.
b) Given the nature of MIDI, dynamics and volume changes are often tied to specific values or control codes; more commonly CC1 (Modulation), CC11 (Expression) or CC7 (Volume). Adopting a uniform guideline or benchmark to relate certain velocity ranges to specific performance dynamics can help maintain an overall balance across instruments. For example, having a velocity range of around 80 to 90 can correspond to the dynamic of Mezzo-forte (mf). As different libraries and developers use different amounts of velocity layers, dynamics and control options, this can be difficult to maintain when using a variety of different libraries within the same piece. This should be kept in mind when trying to emulate orchestral section balances for instance, where the velocity and volume differences should be compared and matched as closely as possible. 
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Figure 2. Examples of assigning MIDI velocity ranges/values to specific dynamic markings. As different libraries use different velocity levels, these will be relative to each library (Wikipedia.org, 2018) 
c) Internal volume balances within sections, e.g. flutes with clarinets, violins with violas, etc, and balances between different sections, e.g. woodwinds with strings, are vitally important. However it is also important to note that different instruments can reach various dynamics and timbres when playing in different registers. Balances against different instruments within different dynamic ranges; e.g. ensuring a brass section playing forte is louder than all other sections, a violin section playing pianissimo is still louder than a flute section playing at the same dynamic, etc. must be taken into consideration along with the fact that a flute playing in its lowest range will be quieter/lower in dynamics than if playing in its highest register. As Mike Verta states during his online masterclass;

Have an idea orchestrationally of the actual real world volume of a flute playing forte versus three trumpets in the exact same range…knowing the real difference in volume between those is maybe the lynchpin upon which most of this [the practice of orchestral simulations] hinges. 









(Verta, 2013)

And when talking in regards to individual instrument ranges, he advises composers to; 

Study the instrument ranges for the various instruments, so that as you're performing them, you're mindful and conscious of what they are capable of in those ranges. Samples gave us things a few years ago where they stopped putting samples past what was realistic for a player to play...In a way that might give you a false sense of security of what is really possible, and practical, and typical in a live circumstance, which is what we're trying to recreate after all. 










(Verta, 2011)
This practice is described by Bianchi and Smith using their Virtual Orchestra (VO), used for live performances, often to accompany or enhance real instruments and singers. Bianchi notes;

the VO sound level must reproduce as closely as possible the sound level output of each instrumental section for a given playing effort. This is easily done by cataloguing the sound level of a typical pit orchestra playing sectional chords at mezzo forte and setting the velocities and volume control to emulate the same sound level. The object of this exercise is to assure the conductor that the VO will respond correctly in sound level since the entire orchestral score has been translated to MIDI using velocities and volumes commensurate with the loudness marks in the score.
(Bianchi, 1998, p1)
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Figure 3. Another example of approximate volume levels of instruments, including the dynamic ranges for each. This can be another important factor to consider, as the dynamic ranges of different instruments can alter significantly. Furthermore, the register which an instrument is playing in can also influence the dynamic range and how loud or soft it is capable of reaching. (Sundstrup, 2008, p91)
6.3.2 Panning & Positioning Techniques
The research article Orchestral Seating in Modern Performance (Smith, 2009) explores the various changes and developments made to the orchestral seating arrangement and the various historical influences that affected it. The article provides an overview of how different arrangements have changed over time and can provide a guideline of the positioning of instruments, as was the case for several of the works used in the Original Compositions. 
The current and most common orchestral placement and instrument seating has been in place for roughly several hundred years. Although the current orchestral seating: that of the string section spread across the front, the brass section to the rear of the orchestra, the woodwinds in the centre between the strings and brass, and the percussion to the left, has become one of the most common setups for an orchestra, this can and often does vary. Depending on the orchestral composition or the piece being played, the seating and arrangement of instruments and groups can change drastically from what may be assumed of a typical full orchestra. Panning is typically an issue users deal with at the final stages of a track; the ‘mixing’ stage, with the majority of developers and/or specific libraries not featuring a separate or individual pan control within the program itself, rather this is left to the user to control the panning in the DAW they are using. However, assuming that users would wish to emulate the original orchestral seating of each given instrument, many libraries now record their orchestral libraries with the close mics placed in relation to where the instrument would be recorded within the entire orchestra.
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Figure 4. Default Panning position of the first (Close) mic in Eastwest's Hollywood strings library. In this case, the Close Mic of the 1st Violins is automatically panned to where they would be in a typical Orchestra. Many of the most recent orchestral libraries will have pre-panned microphone positions.
This means that when enabling the ‘close’ mic for each instrument or ensemble, the sound is automatically panned within the stereo field of where the respective instruments would be recorded in a live orchestral recording or live performance. While this feature may serve in reducing the micro level of control parameters that a user may need to apply, this effect can easily be simulated manually using a variety of different options. 
	Category

1) Panning & Positioning
	d)

e)

f)
	Technique 

Use High and Low pass filters to position instruments 

Use Stereo Imaging
Use different stages of panning increments both with individual instruments and the corresponding e section groups. 
	Tools/Applications

EQ

Stereo Imaging plugin/Panning Controls


	Effect 

Gives the impression that an instrument is 'further away' from the mics relative to the other instruments which are 'closer'.

Narrowing the width of an instruments stereo width and then panning if afterwards can help more easily place the instrument in a specific place in the stereo field/simulated acoustic space
Helps provide greater control over the panning and positioning of the instruments.  


Table 9 - Compendium: Panning & Positioning
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Figure 5. Typical Layout of a full Orchestra & Choir (ia33.org, 2012)

1) Panning & Positioning d) 
Frequency attenuation in air, in combination with early reflections and a lack of direct sound, results in loss of higher frequency content as the sound travels. This results in instruments which are positioned further away from the audience having reduced high frequency content compared to those instruments placed to the fore of the orchestra. The use of EQ to reduce the highs and lows of instruments can help to 'push' them back further into the sound space. e.g. to give the impression the French horns are behind the string section by making the higher frequency content of the French horns less defined and audible compared to the string section. Similarly, in the case of reverb the effect is no different, where the attenuation of higher frequencies of an instruments’ reflections continues as the sound reverberates against multiple surfaces and while also diminishing as it travels through air. 
In his online tutorial on template balancing, Mike Verta states;

Z depth is the one thing you can’t get around, and that’s close and far. Because even in our hypothetical example where you have the one orchestra in a room, an orchestra is big enough that there’s a difference between guys in front of you and people in the back of the room. And that z space; that depth…are an important part of making the presentation believable. Even one microphone on an orchestra in mono picks up that people are at the back and people up close. 
It should be noted however that the effectiveness of this approach can be nullified in cases where a sampled instrument was recorded with a microphone close to the instrument and which has recorded the performance with detail which could only be heard by being positioned close to it. For example, added detail of bow resin on a violin must be considered if the user wishes to situate the instrument further back in the space. Using additional EQ settings to attempt to narrowly EQ these sounds may help to minimize this direct sound effect. 
e) Depending on the orchestral composition, instruments used or the piece being played, the seating and arrangement of instruments and groups can change drastically from what may be assumed of a typical full orchestra. Furthermore, if the user wishes to defy convention and follow in the tradition of using custom seating or following the practice of manipulating recording technologies for ‘unrealistic’ placements, the issue of panning becomes more artistic and creative rather than one of replication. 






However, regardless of how the user wishes to place the instruments, there are various levels and methods of panning an instrument; from the use of microphone positions recorded in situ and provided by the developer, to applying internal panning on the Digital Audio Workstation or within the instrument itself. One additional method that can be applied for an added layer of control is that of a stereo imager or positioner to more accurately or strategically place an instrument in a given space. This option gives another form of control of the panning and can be additionally helpful in cases where an instrument is provided solely a stereo recording. By using a plugin for this, the instruments stereo field can be narrowed and then positioned in a more controlled manner. This could be further enhanced or manipulated at a later stage, by using mastering software which also allow for panning or control of the stereo image of set frequency bands, for example of more tightly grouping and panning lower bass frequencies coming from only one part of the orchestras stereo field. 
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Figure 6. An example of an orchestral layout in relation to Panning positions applied from -100 (extreme Left) to +100 (extreme Right) in a typical DAW (audiorecording.me, 2011)

You can get an additional level of realism from your virtual orchestra by carefully placing your instruments within the stereo field. An orchestration reference book can be handy here, as it can provide diagrams that show the standard orchestral stage seating arrangement. With this as a guide, you can pan the violins and brass to the left, the cellos and the low brass to the right, and violas and woodwinds towards the center.

                                                                                                                             (Gerber, 2005)
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Figure 7. Using Waves' S1 Imager plugin to narrowly focus and place an instrument in the stereo field.
A special mention must be made regarding French horns. The placement and performance/construction of the instrument means that as the instrument is played with the bell of the horn facing away from the audience, much less of the direct sound is heard. This is particularly the case in relation to the direct sound vs. the reflections of the sound reverberating in the space. As a contrast, Trumpets are performed with the instrument aimed directly towards the audience and as such will have a much clearer direct sound in comparison to the early reflections. 

f) For an additional level of control, panning applied to instruments can be done in stages; first applying it to individual/solo tracks followed by the overall instrument section or group. The panning applied to the solo instrument is focused on a more micro level within the instrument group, while the group panning is concerned with placing the section in the wider orchestral setting. This can be done by using subgroups or auxiliaries, where the outputs of the individual instruments are summed to one output which becomes the overall ‘section’ control. 
[image: image49.jpg]TERO|S® < STk Seq-1: Trm Up
R CES oces O B k- J iobess

T bl e e R e G
ETnded | g
s

aTrasce
EiTm Donn

28T Uy
Irack-12
Hadcts
Hadcta
Hadcts
Iadcte

EiTm Down Down Bow on MIDI Track 1

/

N\

UpBow on MIDI Track 2

Pitch Bend



[image: image50.jpg]0 1141200 A#7 (112

2111413

CC#11

CC#7




[image: image51.jpg]+

Q
/
< i —
§ %
REV ZC&

REV ZONE 2




[image: image9.jpg]Individual Instrument Tracks

Individual Track Panning

Section Group/Auxiliary

Group/Auxiliary Panning

1st Violins

2nd Violins

Violin Group/Aux





Figure 8. A graphical representation of using multiple stages of panning, from individual instruments to subgroups. This same principle is also applicable applying iterative and micro changes to volume/balancing and reverb. The violin Group places the overall sectional panning within the context of the orchestra, while the individual instrument track panning places them in a more micro position within the sections. 
An example of the importance of placing individual sections is discussed in the Virtual Orchestra paper;
By far the most difficult sections are the first and second violins. Regardless of which loudspeaker is used, several of them are deployed for each section in a way that generates the time smear associated with multiple violins bowing together but spaced significantly apart in the pit. The “humanizing” algorithm in the MIDI controller generates minor statistical errors such as faulty intonation and staggered starts. However the acoustical time smear is extremely important for violin section realism







(Campbell and Bianchi, p672, 2008)
6.4 Acoustics & Spatialisation 

Along with compositional practice and instrument design, no other outside discipline affected music performance quite as much as acoustics. For centuries architects sought to develop public spaces which would accentuate and reinforce a given performance; ranging from sacred choral works in cathedrals to orchestras in concert halls. As sample libraries; particularly large scale orchestral libraries, are becoming more common and significantly more complex and detailed, it is perhaps no surprise that the given recording space a sample library is recorded in has become something of a major selling point of that given library. It is worth noting that the issue of emulating real orchestral spaces is not just confined to virtual renditions of the ensembles. In Performing Nostalgia on Record: How Virtual Orchestras and Youtube Ensembles Have Problematised Classical Music, Eve Klein notes how even with the advent of recording technologies and the possibilities they provide, recording engineers will typically aim to replicate how the acoustics would sound at a live performance:
The concert hall or the opera house are classical music’s most esteemed performance locations and classical music practitioners have fixated on “faithfully” emulating this performance environment on recordings throughout the last century rather than embracing the broader creative compositional palette offered by recording technologies… with the skill of the engineer being measured by how effectively they could recreate the perception of a great concert hall performance within ‘less compliant acoustics’










(Klein, 2015)
Trying to impart a specific sense of a realistic acoustic space and reverberation within a digital instrument rendition can prove to be difficult but is a task made much easier thanks to advances in artificial reverbs, primarily that of Convolution Reverbs and Impulse Responses. This, in conjunction with the use of delay and the individual mic positions provided with a library, can be used to simulate both a given acoustic space for an entire ensemble as well as positioning specific instruments and groups within that space and relative to each other. 

Given that the use of Orchestral sampled instruments is virtual and ‘in the box’, it can be assumed that the use of any audio processing on the sampled instruments will also be virtual and software based, although the same principles are generally applicable to both methods. As such it worth briefly considering the perceived effectiveness of this kind of reverb. By carrying out a series of listening tests, Pätynen and Lokki compared the sound of an orchestra in real acoustic spaces to those of simulated acoustics using Impulse Responses. Their results found that, several influencing factors included, “at best, the auralizations were considered as good as the real hall” (Pätynen, Lokki, 2010). 
6.4.1 Acoustics: Reverb 
	Category
	
	Technique 
	Tools/Applications
	Effect

	2) Acoustics:

    Reverb

Delay 
	a) 
	Apply multiple reverb times/pre-delays
	Convolution Reverb 
	Places instruments in their own spaces

	
	b)
	Mic Bleed/Phasing Referencing
	Stem/Guide/

Reference tracks
	Creates a more effective impression of multiple instruments in the same space.

	
	c)
	The more 'players', the smaller the reverb time.
	Reverb, Guide Tracks
	Creates a more realistic reverb time. 

	
	d)
	Use Convolution reverb for ERS, plate reverb for tails
	Convolution Reverb, Plate Reverb 
	

	
	e)
	EQ the reverb applied to different instruments where necessary – attenuate high frequencies
	Reverb, EQ
	Recreates the realistic effect of sound absorption in a room. 



	
	f)
	Use the same Impulse Responses for different libraries where possible.


	Reverb
	Helps to situate disparate libraries in the same acoustic space

	Delay
	g)
	Use a stereo delay in conjunction with reverb and panning
	Stereo Delay, Reverb
	Recreates the sense of early reflections moving around the room to the other mics. 


Table 10 - Compendium: Acoustics Reverb
2a) As each section of an orchestra is situated in different positions in a space, the use of different reverbs/reverb times for the different sections can be effective in giving the impression that the instruments are situated in different positions, and as such have different reverb times. Each section will have separate pre-delay times depending on where they are situated and how close they are to the audience. Instruments situated nearer to the front of the stage will be heard primarily in terms of the direct signal reaching the audiences’ position represented by the microphones, as opposed to instruments placed to the back of the stage which will be heard more in relation to the early reflections reverberating from the acoustic boundaries of the space. 

Figure 9. Volume (in dB) & Reverb time (in ms) relation for a given space (Acoustic & MIDI Orchestration for the Contemporary Composer, 2007, p150)
For String Instruments:

	Zone #
	Reverberation time
	Filter Setting
	Comments

	1
	2.6 seconds
	Flat
	

	2
	2.3 seconds
	Damp -2 dB around 100hz
	The slightly shorter reverb time and the filter on the low end of the spectrum gives a bit more clarity to bass instruments

	3
	2.9 seconds
	Damp -3 dB around 200 Haz
	

	4
	3.1 seconds
	Damp -3 dB around 150 Hz
	


Table 11 - An example of using both various reverberation times in addition to applying EQ filtering to more accurately position instruments virtually (Acoustic & MIDI Orchestration for the Contemporary Composer, 2007, p150)
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Figure 10. Some convolution reverbs provide impulse responses already recorded for specific instrument placements within a space. This effect can be simulated manually by using individual reverb times set for each individual instrument and/or section.
b) One of the primary elements of live orchestral recordings is that of microphone ‘bleed’ and phasing. This is a result of the many microphones typically used in an orchestral recording session and the layout of instruments in relation to the microphone positioning. While a particular microphone may be used for close mic’ing a string section for example, the microphone will invariably pick up the sound of other instruments to varying degrees. While this is an effect that is difficult to simulate, one method can be to send subtle amounts of different sections to the reverbs of other sections using Sends and Returns within the DAW. This is another instance where the use of stem recordings of an orchestral track can be extremely beneficial to serve as a general guide as to how much bleed from each section reaches mics for other sections; both in terms of the direct sound as well as the reverberations.  To achieve this, solo the individual stems; representing a separate microphone, for the instrument concerned and assess how much of other instruments can be heard through the recording and attempt to mimic this as close as possible. Depending on the amount that can be heard of one instrument on a given microphone, the various levels of a signal can be sent to shared reverbs and groups of other instruments. 
c) As a general rule, the larger the orchestra, the shorter the reverberation times overall, as more players absorb the sound. This is due to the acoustic absorption that becomes more prevalent simply by the presence of more people in the space, and applies to both the number of players present on the stage in addition to audience members. This can also serve as a practical mixing principle, as more instruments will often be obscured by reverb times which are too long. 
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Figure 11. A comparison of the Impulse Response (IR) of a sound with and without the orchestra present (Dammerud, 2009)
d) If using multiple types of reverbs or reverb settings; be it multiple convolution reverbs for different individual instrument sections or different reverb forms, one method of helping to ‘glue’ the sounds together is to use a single reverb as a last stage for the overall room space, commonly referred to as the reverb ‘tails’; the reverberations which occur after the direct sound and early reflections. For example, a Convolution reverb can be used to provide the early reflections, while using an algorithmic reverb afterwards can help blend the different reverbs together and provide the room tails. This can be used as a Master reverb applied to all instruments or sections with a small reverb time, or can be fed the output of the other convolution reverbs.
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Figure 12. A diagrammatic representation of the reverb setup used. This approach allows individual instruments and sections to have their own reverberation times and responses. The top instrument tracks (1st Violins, 2nd Violins, etc) are grouped into auxiliary groups (AUX’s) whose outputs are fed to separate reverb instances. This approach allows a wide array of routing options and ‘sharing’ reverbs across different groups, which also allows for simulating microphone bleed. In the above example, a small amount of the Strings AUX group is sent to the Brass group (Brass AUX), which in turn is fed to its reverb own Early Reflections (Brass ERs).
e) The frequency response of a reverberated sound is similar to that of the direct sound of an instrument in that frequency attenuation occurs. This means that the higher frequencies of the reverberated sound will be reduced more than lower frequencies, which is something that artificial reverbs don’t mimic. When applying reverb, use filters and/or reduce the amount applied to simulate a room full of musicians, as well as the attenuation of any of the higher frequencies present. Many reverb plugins, particularly convolution reverbs, include an inbuilt EQ filter for reducing the high or low end of the resulting reverb however a third-party EQ can be applied in the same manner. 
f) When combining different libraries recorded in different spaces, check if the hall or room the library was recorded in has an impulse response available for commercial use in a convolution reverb. (e.g. The scoring stage used for Eastwest's Symphonic Orchestra is included as an impulse response within the QL Spaces reverb plugin). This can help impart the sense that other libraries and instruments are in the same space. For this to be done, the same impulse response must be used, as different acoustic spaces react different with their own characteristics and sound, therefore sharing the same impulse response across varied instruments can help situate them in the same space more easily. 
6.4.2 Acoustics: Delay

	Category
	
	Technique 
	Tools/Applications
	Effect

	2) Delay 
	g)
	Use a stereo delay in conjunction with reverb and panning
	Stereo Delay, Reverb 
	Recreates the sense of early reflections moving around the room to the other mics. 

	
	
	
	
	

	
	
	
	
	


Table 12. Compendium: Acoustics Delay
g) Use a stereo delay in combination with a reverb to simulate positioning. Reverb gives the impression of space, but a stereo delay can help impart both a sense of space as well as a more accurate impression of positioning more accurately than simply panning. Keeping the delay largely panned to one side but with some amount still applied to the opposite side helps give the impression the sound is still 'bouncing' around the room and reflecting to the other side, in addition to giving an impression of microphone ‘bleed’. In general, the three parameters or controls for situating instruments can be summarised as below:

For z depth/Near to Far: EQ, Volume, Reverb Direct sound vs Early Reflections 

For left and right: Panning, Delay

For space: Reverb Early Reflections, Room tail. 

6.5 Realism, Imperfections & Artefacts 

One area that, while more pertinent to the realms of visual art and CGI, is also worth addressing in regards to virtual mock-ups is that of the psychological phenomenon/hypothesis known as the 'uncanny valley'. This could largely be down to how people may express a disliking for overly 'perfect' performances created and how they may be able to tell what is real from what isn't. In effect, the premise of the uncanny valley phenomenon is that in regard to virtually rendered animations, images or scenes, the more realistic the rendition is, the harder the human brain works to try and identify discrepancies, inaccuracies or any other aspects which would signify that the image is not ‘real’. 





Though human hearing may not be as complex and as difficult to ‘fool’ as our eyesight, the practice of attempting to replicate an artificial reality for one of the senses nonetheless contains similar difficulties. The complexity of human hearing; including the aural perception of space, time delay and positioning within the stereo field as well as intricate variations and discrepancies in human performances and instrument characteristics means that many different factors must be taken into account, and replicated where possible, to try to impart a sense of realism within a virtual recording. 
Like any medium, MIDI has its strengths and limitations. In the acoustic world, much of what we accept as part of the musical experience involves many sounds that are not really musical at all; fingernail noises against strings and the sound of breath and mouth clicks for example. These non-musical artifacts are so deeply accepted in our musical culture that we simply ignore them and focus on the music itself. But when a new medium arrives we become very critical and sense shortcomings very quickly. This makes it all the more important to understand how to infuse MIDI instruments with musicality, expression, gesture and intention. It means understanding your sounds and samples and exploiting all of the parameters that can lead to deeper expression.
















(Gerber, 2016)
One of the key weaknesses of MIDI has always been the rigidity, repetitiveness, or the exactness of its timing. To compensate for this, MIDI devices such as samplers or Digital Audio Workstations have long featured ‘Humanize’ options to apply to MIDI data; as a means of randomizing, by a user defined amount to introduce subtle varieties in the performance. As such this underpins the importance of imparting variations and subtle but noticeable imperfections to digital renditions of musical works. However looking beyond the musical performance itself, there are various other non-musical elements which are fundamental to live performances and which, when applied to virtual renditions, can help to improve how a listener can interpret the work. 





 
6.5.1 Imperfections & Artefacts

	Category
	
	Technique 
	Tools/Applications
	Effect

	3) Imperfections/

Artefacts
	a)
	Performance noises
	Sampled noises, either recorded manually or sourced from the library itself.
	Include performance noises such as fret buzz, string squeaks, breaths, etc to give life to a digital instrument piece. 

	
	b)
	Detuning
	DAW automation
	Use subtle detuning; either across the same passage of one instrument or across multiple instruments, to give a more realistic performance. 

	
	c)
	Room Tone
	Room tone sample library, or recorded manually
	Adding a room tone to a virtual piece, particular at the beginning and end of a piece, can give the impression of a real recording. 

	
	d)
	Timing/Note Alignment
	
	Multiple instruments playing together should be perfectly 'sync'd'. 


Table 13 - Compendium: Imperfections & Artefacts
Imperfections/Artefacts
3a) As sample libraries consist of individual recordings which are then put together in sequence, sampled performances lack the characteristics of live players and instruments; namely in the sterility and ‘cleanliness’ of the recordings. The inclusion of performance noises, such as string squeaks, fret buzz, breaths for woodwind/brass/choirs etc, can make an otherwise sterile recording sound more realistic and livelier. Many libraries often include separate performance noises specifically for this purpose, which have the added benefit of being from the same source as the sampled instrument. Where the library does not include these sounds, custom made noises can be used such as those recorded or sourced separately by the user. Used diligently and placed in the appropriate places, such as a choirs’ breath after a long phrase and before the start of another, can make a significant impact to the impression of the overall piece. 

b) As Pejrolo and DeRosa make clear: ‘One of the biggest problems with a virtual MIDI orchestra is the fact that it is always perfectly in tune’ (2007, p158). This issue of perfection is a factor that influences every aspect of the virtual ensemble and must be considered at each stage of emulation. Subtle detuning can be applied to parts to prevent the 'perfect orchestra' sound can be become prevalent in the middle of a phrase or performance for certain string instruments; particularly those without frets, as the player makes slight nuances moving from note to note. An additional note in relation to tuning is that many sampled ethnic instruments will be presented in the western standard tuning or equal temperament tuning, but will include options of using alternate tuning relative to the system used by the instruments country of origin or most commonly used style of playing.  
c) The use of a room tone can be useful, particularly in works where there is silence before or 

after a part. Similar to instrument performance noises, including a few seconds before the music begins with a room tone applied and some additional subtle noises such as pages turning or boards creaking can 'fool' the listener into believing or anticipating that the following piece is real. This is a similar approach taken in the practice of sound design and dialogue recording for film, where the room featuring a scene with dialogue that will later be replaced has the ‘room tone’ captured and used in conjunction with the newly recorded dialogue. Some sample libraries such as Eastwest’s Symphonic Orchestra library provides a room tone, here referred to as ‘hall noise’, whilst Bela D Media’s Scoring Noise plugin provides room tone as well as incidental notices such as floors creaking and pages turning. 
In the listening test concerning the Bill Evans track, one aspect that respondents noted was that the original work had background/ambient noise much more prevalent and believable than the mock-up. This is one example where specifically non-musical elements can betray a virtual rendition. 
d) Again referring to the inconsistencies and deviations within musical performances, just as instruments should never always be exactly on the beat, they should never play and line up perfectly with other instruments either. Have some instruments slightly ahead or behind of others, and apply slight deviations across the entire piece. 
6.6 Performances & Articulations 

Given the ever-expanding computing power and memory storage, it is unsurprising that sample library developers are continually adding and expanding the content of the libraries they are creating. One area that has consistently grown in later years compared to the earlier days of sampled instruments is that of articulations and performance techniques. Indeed, such is the wide breadth and depth of articulations performed by any given instrument, yet exemplified by a typical orchestra arrangement, that developers such as Spitfire and Orchestral Tools have taken to recording and releasing libraries separately, either section by section or by different iterations containing more articulations. This approach is very different to how the early pioneers of sample libraries sold their wares; typically by releasing an ‘all encompassing’ library such as EastWest’s Symphonic Orchestra or the much older but pioneering Garritan Personal Orchestra. Spitfire Audio, in their recent iterations of libraries, have deviated slightly and taken the ‘modular’ approach of orchestral libraries. Instead of releasing products which are aimed at containing all articulations and performances, the developer releases sections or articulation groupings separately, with all recorded in the same recording space using the same mics and techniques so as to allow users to pick and choose which specific ensembles or performance articulations they require and seamlessly combine the separate libraries together. The Orchestral Tools developer have also taken this approach, whereby the company releases a large, ‘main’ library first and follow that up with smaller ‘expansions’ of additional articulations and performance methods. 




As demonstrated in the composer survey, the top influencing factor in choosing a sample library was that of the articulations included, followed closely by the playability of the library which indicates the importance that composers place on these two aspects of a library.
6.4.1 Articulations

	Category
	
	Technique 
	Tools/Applications
	Effect

	4) Articulations
	a) 
	Layering
	Multiple Instruments/
Libraries
	Layering different libraries can create a more appropriate sound

	
	b)
	Simulated Tremolo or vibrato
	Pitch Automation
	Automate pitch variations to mimic the sound of tremolo or vibrato

	
	c)
	Simulated Portamento
	Pitch Automation
	Automate pitch between two notes to simulate the effect of sliding portamento.

	
	d)
	Simulated Runs
	Additional Tremolo patch
	Layering a tremolo patch

	
	e)
	Attack & Decay
	
	Shape the beginning and ending of every note to mimic real performances. 

	
	f)
	Alternating notes
	
	Duplicate a track and edit every other note to simulate alternate notes or up/down bowings

	
	g)
	Swells
	
	Always impart a slight 'swell' for brass and woodwind parts to mimic the instruments

	
	h)
	MIDI Parameters
	
	Always aim to have MIDI parameters separate and controlled individually and concurrently

	
	i)
	Tempo Fluctuations
	Tempo Automation
	Add slight tempo variations throughout a piece to more closely mimic a real performance. 

	
	j) 
	Breath Limitations
	
	Hold your breath as playing a line written for a woodwind or brass instrument to test if it's performable/realistic. 

	
	k)
	Performance
	
	Aim to 'play in' and perform MIDI parts, which will help impart a certain level of realism. 

	
	l) 
	Silence
	
	Where an instrument doesn't crossfade completely to silence, combine both Dynamics and Expression to give the effect. 

	
	m)
	Rebowing
	
	Adding a subtle 'dip' at the beginning of a note, or including a slight staccato patch for the attack, can simulate rebowing. 

	
	n)
	Strumming
	
	Stagger a series of successive notes with only a fraction of time between the attack of each note to simulate strummed chords. 

	
	o)
	Live Performance
	Real instrument/

Performer
	Where possible, include a live recorded in conjunction with the digital instruments. 

	
	p)
	Layering real sections
	Suitable Full Section Patch
	Include a patch of a full section playing together underneath separate sections to add a sense of homogeneity 

	
	q)
	Manual Con Sordino
	EQ
	Using EQ or EQ Matching, a string patch may be able to imitate playing Con Sordino (With Mutes)

	
	r)
	Manual Con Sordino with Melodyne
	Melodyne
	

	
	s)
	Timbre Control
	
	

	
	t)
	Simulated Cymbal Swells
	Suitable Library
	Using individual cymbal hits in series can give the impression of a cymbal swell being performed


Table 14 - Compendium: Articulations
Articulations/Performances
4a) Layering other sample libraries on top of others can greatly improve the richness and overall sound of a section by adding in new harmonics and performance aspects. This can also help blend various together and mask any discrepancies or shortcomings with individual libraries. 
b) Where an instrument or library does not have sampled or realistic tremolo or vibrato, or only contains a set, recorded amount with no user control over the speed or intensity, then the use of rapid but subtle pitch bending can be used to emulate the effects. This can be applied in most DAWs through automation of the pitch control associated to the specific MIDI channel. An added benefit of taking this approach for tremolo is that the instrument can perform the articulation in relation to the tempo. As with all things MIDI, having slight deviations in the effect and not having it too consistent or ‘perfect’ is important to mimic a real performance. 

Audio Example: 18.
Joseph Murphy - Large Ensemble (Full Orchestra & Choir): In the Shadow of the Mountain

c) Extreme and exaggerated use of pitch bending from one note to another at various speeds can simulate portamento. Controlling the rate of change allows for controlling the speed of the transition and how exaggerated the effect is. For a more subtle approach, the automation of the pitch can be applied to the tail end of one note which is being followed by another. The pitch automation rises or falls at the end of the first note, but is then turned off as the second note beings to play, which can result in making it sound as though the notes are joined together. 
d) When creating simulated runs; either sampled/recorded runs or otherwise, layering a tremolo patch on top can improve the realism and help blend the notes together by masking any sense of disjointedness in the notes, which is likely to be apparent using short note patches. Depending on the speed of the tremolos and the nature of the run, a tremolo patch may suffice in creating the runs alone without using other patches. This has the added benefit of allowing the user to have custom runs that can be related to the session tempo, which pre-recorded or sampled runs do not allow for.   

e) In most cases every note should have a subtle decrescendo or fade out, especially at the end of a phrase. Very rarely do musicians abruptly stop playing a note at the very end. This will often be covered somewhat due to any acoustics or reverberation settings applied, however it is still important to shape the tail end of the instruments performance. 
Ducking the attacks of samples is important. Most sample patches are created to be used universally for both fast and slow passages. But if you want to use a string patch in a slow passage, you have to compensate for the attack of the patch









(Acree, 2005)
f) To simulate the effect of alternate notes; such as alternating the up and down bow movements on a string instrument, double a MIDI part and split it between two tracks. Apply subtle variations on one of the tracks, such as slight velocity changes or expression curves. 

g) The overall shaping and contouring of a performance; related to the aspects of Attack, Decay, Sustain and Release, are vitally important to the application of virtual performances. The use of the expression control should be used to create a subtle swell leading or ramping up to notes; particularly for brass instruments which requires a slight 'attack' for the performer to fully excite the instrument and reach the desired pitch. This is all the more important with samples that are already compressed or heavily normalised which developers often use to create more consistency across the samples. 
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Figure 13. An example of using Expression and/or Velocity to control dynamics and timbre changes of a brass instrument, taken from Mike Verta's ‘V.I  Techniques’ video. Verta talks about thinking about 'breath and bow': trying to mimic that of the characteristics and overall shaping of the performance and how the instrument is played.
To create expressive phrases, satisfying legato passages, fast runs, and other convincing gestures, you’ll need to pay attention to all of these parameters. Attack and release times, note length and velocity play a crucial role in the sequencing of a fine legato line, and sometimes a very small adjustment of one of the parameters does the trick. Even a loud tutti won’t cover up these intimate connections between notes. In a fast passage, for example, select every other note (or whatever group of notes represent the weak pulse to you) and lower their velocity by 20% or so. This helps shape the line by adding some variation.










(Gerber, 2005) 

h) Where possible, assign different parameters to different MIDI values for even greater control, e.g. dynamics or velocity to a keyboards modwheel (CC 1 - Modulation) and vibrato to CC11 – Expression to allow for independent control of both elements simultaneously (See 
5.8 Peripherals & Devices).
Figure 14. Mimicking Alternating Bow movements within MIDI Data - Compendium 5o (Acoustic & MIDI Orchestration for the Contemporary Composer, 2007, p142)

i) While note timings should naturally be made 'imperfect', i.e. slightly ahead or behind a beat, subtle fluctuations in tempo across a portion of a piece such as at a chorus or a hectic and action-packed section, can give the impression of how real musicians naturally speed up slightly in anticipation for a build-up or during a more exciting section. For example, a song following a conventional structure of verse, chorus, verse, may increase in speed slightly during the chorus, and then return to the original tempo for the following verse. Create a tempo map where the BPM gradually increases by 3 to 4 beats leading up to a crescendo, then pulls back or even slows down after a pause or during a decrescendo. Slight increases and decreases of tempo can also be used with phrases and call and responses to increase the emotion or emphasize particular motifs. ‘Think like a conductor’. 
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Figure 15. Manipulating the Session Tempo within Pro Tools, which was used across the mock ups and original compositions but most heavily used in Mars, the Bringer of War mock up moving between the different sections and crescendos.
j) To ensure brass, woodwind and choirs are not being written for with parts too long and unrealistic, hold your breath as the part is being played. If you run out of breath before the phrase is finished, it's likely too long for a real player to perform and therefore unrealistic. The use of a hardware MIDI Breath Controller can also be used to achieve this. 

k) Always aim to 'play in' every line where possible, and always avoid simply copying and pasting parts where they are repeated, even across different instruments and sections. Playing in a part will help to introduce slightly variations and differences, which will not be the case if a part is replicated exactly. It is the constant deviations across a performance that is the primary factor in creating a convincing emulation. As other research in the field helps to illustrate; 
Although sample-based emulations came very close to the natural sounds in terms of evaluation, missing time-variant characteristics in the steady-state phase of an instrument sound remained a shortcoming of emulation principles










(Kopiez et al., 2016)
This is a practice that is commonly found among composers such as Jonathan Price;

I’m a big advocate of capturing a real-time performance with MIDI," says Price. "I try to use controllers that are as expressive as possible…The idea is that if you capture real-time performances, the result will sound musical. I play in every line of the score. If the strings are sustaining a chord, I play in each line separately, rather than play all the notes of the chord in one pass.









       (Keyboard Magazine, 2005)
l) Where an instrument does not have dynamics crossfading all the way down to silence ('niente'), a combination of expression (cc11) and volume (cc7) can be employed. This can also be used to compensate where other dynamics are missing as well. Using volume as a means of dynamic shaping should be avoided whenever possible however, as it will not reflect the changing timbres that an instrument will produce as it changes dynamics. 
Figure 16. Combining the use of multiple Control changes simultaneously (Acoustic & MIDI Orchestration for the Contemporary Composer, 2007, p227)

m) Similar to alternate bowing on a string instrument, to simulate a re-bowing or bow change sound on a sustain patch, a subtle dip in dynamics where needed can be effective. Layering in another patch such as a staccato patch very low and subtle to play just when the bow change is needed can also help. This effect would likely only be used in works where the composer specifically indicates a bow change and where it should be somewhat noticeable. 
n) To simulate strummed chords on fretted instruments, use very short single notes played in order tightly with only a slight time delay after each note, with a sustain used to ensure the notes continue to ring out until the next chord or as necessary. The notes can then be copied and flipped around to create an alternate strumming direction. Ensuring that the correct chord voicings for that particular instrument are used; i.e. doubling the notes of a chord that would be repeated on the strings of a strummed guitar, is important for imparting that extra level of realism. Using the MIDI ‘hold’ or ‘sustain’ function can help to simulate the sustain of the struck strings. Developer Indignus which produces sample guitar libraries, includes a free pdf showing examples of comparing guitar voicings from working from a keyboard: http://indiginus.com/files/GuitarChordVoicings.pdf.
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Figure 17. An example of using 'staggered' MIDI notes to create a guitar strum. By inverting the upper and lower notes, a strumming pattern can be mimicked.
o) Where possible, recording a solo live instrument and layering and blending it on top of a sampled section can give the performance a more realistic feel. A solo software instrument can be used in place of a live player. This may be a common approach among composers, as the composer survey found that 40% use a combination of both sampled instruments and live instruments in their work, as opposed to 51% who exclusively use software instruments and 8% who only use live instruments in their work (Appendix C – Composer Survey Q11).
p) Real, live orchestral sections recorded while playing together (e.g. Violins + Violas + Cellos) will always sound homogeneous as all players are playing together. However, sections recorded separately, even in the same room with the same equipment, won't sound as uniform for the simple fact that the players are not 'playing off' each other and blending as effectively. When playing chords, include a layer of a full section playing together to provide a sense of unity underneath the individual sections. (e.g. Violins + Violas + Cellos + Full Section). The Full Section patch can be lowered in volume and blended with the other sections. This approach can be heard in the mock up for Daphnis et Chloe and the original composition In the Shadow of the Mountain, where Eastwests Hollywood string library was used primarily to provide in the individual string sections but where the entire string section plays together, a full string section patch was used to combine the separate sections. 
q) To make a string patch imitate the sound of con sordinos (with mutes), careful and specific application of a matching EQ can be relatively effective. Using a short segment of music featuring the desired sound, apply a matching EQ plugin and take a 'snapshot' of the frequency balance. Applying this frequency curve to a sampled strings patch should closely resemble the effect of the original audio recording. 

r) The effect of mimicking con sordino can be further improved by the use of the program Melodyne and its feature of taking the harmonics of one sound and applying it to another. This can also be particularly useful to where a sample library may feature only a limited number of articulations using con sordino, e.g. the library features a con sordino sustain patch but no legato articulations. Using Melodyne, load in a recording of the original con sordino patch, copy its harmonics, and then 'carry over' the con sordino harmonics onto another patch, e.g. a string legato patch, thus giving the legato patch the sound of playing con sordino. 

s) Application of the various MIDI CCs, namely expression and volume, are crucial for realising a convincing performance. The attack and release of every note should always be shaped using the mod wheel/expression to control the dynamic cross fading of the transitioning timbres.

“If I want a dramatic crescendo in the trombones," says Cornish. "I raise the volume with MIDI, but also I use the mod wheel to crossfade to louder samples, which changes the timbre from light to aggressive — much more realistic.













(Keyboard Magazine, 2005)

6.7 The Voice

Given the complexity of emulating the human voice, and the elements that are unique to it as opposed to musical instruments, it is worth considering this approach separately. Attempts to replicate the human voice; particularly that of singing a melody, has an interesting and long developmental history somewhat separate from that of the traditional instruments or standard ensembles. The very first sound committed to record, created in 1860, was that of the voice of Édouard-Léon Scott de Martinvill by way of his phonautograph. The first instance of a synthesised voice was generated by the IBM 7094 which famously sung ‘Daisy Bell’ in 1961. Given the extreme complexity of rendering the human voice either digitally or through sample manipulation, it’s unsurprising that one of the least common instruments and sample libraries available commercially are those emulating solo vocalists and choirs. The use of Vocoders; that of using a program to manipulate parameters of a recorded sample of speech, and the use of common synthesis techniques to render crude and unconvincing words and phrases are typical approaches used where strict realistic or believable human speech did not need to be emulated. Whilst this is a trend that is slowly changing with several new developers releasing vocal libraries aimed in recent years, the number of libraries dedicated to other instruments still far outnumber those of the human voice. And although this discrepancy may largely be down to demand; where more conventional instruments and ensembles are required more so than those of vocals, the difficulties and challenges of human singing and speech in general would undoubtedly be a factor. Mike Greene, sample library developer and owner of Realitone has created several libraries of solo female vocalists, describes some of the primary difficulties in this process;
Dipthongs, for example, are not sample libraries' strong suit, because to transition from an "ey" to an "ee" is tricky without introducing phasing in the crossfade. We could record the dipthong itself, but even if we wanted to add all those samples (including editing, tuning, etc), then we have the harder challenge of making smooth transitions from the straight vowel into the dipthong, and then from the dipthong into the landing vowel. With solo vocals, any transition mid-vowel is really, really difficult, because our ears are biologically so tuned to the slightest of differences. A solo voice is what our ears are most adept at hearing. 










(Greene, 2014)
In terms of creating a library utilizing vocals, be they soloists or choirs, the approaches thus far taken by developers can generally found in three different variants. The first is simply that of sampling single syllables; most commonly that of ‘ohs’, ‘ahs’ and ‘mms’ which are typically used as choral pads, and is commonly found in every vocal library, regardless of which approach the main library includes. This is one of the oldest and most common type of virtual vocal library, and the simple nature of these samples means that they can in effect be treated like any other instrument and do not require any other complex programming or sampling techniques. This approach has been extended somewhat by developer Soundirons series of vocal libraries where the program features a control which allows the user to blend between two or three different syllable sounds midway through a sample; providing slightly more control than is typically provided by this limited form of sampling. 



The next variant of vocal sample library provides exact words or clearly understandable phrases but are essentially comprised of pre-recorded loops; some of which have limited options for manipulation. Whilst being somewhat more advanced and offering more variety than simple padded or sustained syllables, this approach invariably becomes highly restricting and limits the composers’ options considerably. Typically, the libraries will feature a series of phrases and words recorded to a particular key which can be selected by the composer. Soundirons vocal libraries commonly use this approach, both for solo vocalists and for their male and female choirs. The user has a range of pre-set phrases or sustained melodies which are all grouped individually first by type, i.e. French or Latin, then by key. The program does offer a tempo sync option, which greatly improves the usability of the phrases and the flexibility of combining it within other tracks and instruments, however each phrase has only been sampled once and so no velocity layers or timbral controls are available, invariably meaning that the only shaping and contouring of the dynamics of each particular phrase, other than that which is embedded into the performance of that sample, can only be done by controlling it’s overall volume (Appendix E – Audio CD track 14. Duo Soprano & Euphonium: Orexis). 










The most recent development in the field of replicating the human voice, and thus far the most complex kind of sample library, features the use of individually recorded syllables and letters that are arranged, programmed and then played in sequence to build words and phrases entirely customised by the user. One of the first libraries to offer this feature came in the form of Eastwests Symphonic Choirs Library. This library makes use of a ‘wordbuilder’  
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Figure 18. Eastwests' Wordbuilder Program




program which runs concurrently with the sample engine PLAY which allows the user to enter and sculpt individual syllables to form complete words, phrases and sentences from scratch. Other libraries utilizing similar methods include Realitones ‘Realivox’
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Figure 19. Realivox Blue by Realitone




series of vocal libraries, Eduardo Tarilontes Cantus and Strezov samplings Wotan Library. The challenge in creating a realistic and understandable phrase using this approach is similar to that of creating the sense of a legato transition between two notes on a stringed instrument; that of giving the impression that each note, although sampled entirely separately, are actually being produced in sequence and are conjoined. This can often result in a word or phrase sounding as though each syllable is broken up and disjointed from the preceding syllables, or else that each syllable is running and clashing with the next; both cases of which resulting in the desired line sounding artificial and/or difficult to understand.

6.8 Mixing & Audio Processing

	Category
	
	Technique 
	Tools/Applications
	Effect

	5) Mixing


	a)

b)

c)

d)

e)
	Apply saturation across all instruments

Bounce to Stems

Synth Bass for Celli/Basses

Use fixed volume levels

Have each instrument track begin with an ‘empty’ bar

	Tape saturation; emulation or hardware

Any synth; digital or hardware


	Applying saturation can help 'glue' a mix and blend instruments together more effectively. 

Have a fixed, general volume level when combining 

Allows articulations and MIDI values to be ‘reset’ for each track




Table 15 - Compendium: Mixing & Audio Processing

Mixing & Audio Processing

5a) Just as with real orchestral recordings and recordings in general, tape saturation; be it real or simulated, can help provide another layer of 'glue' to blend various instruments together and help mask different sonic qualities of different libraries. This can be particularly useful when using sampled instruments from different developers who will likely have used wholly different recording equipment and processing techniques. By using a form of audio saturation, hardware mixing or summing, a common ‘colouration’ provided by the virtual processing can be present across the various instruments. 
b) The huge flexibility that MIDI and software instruments in general provides, which is seen as one of the biggest advantages of the technology, is also regarded in some cases as one of its biggest disadvantages. In an interview with sample library developer Spitfire, Music Supervisor Maggie Rodford details how music technology has continually changed the landscape of music creation (Rodford, 2015). In response to this, the interviewer raises the point that this technology now means that decisions can be put off almost indefinitely, with the option of changing any element of the score always at hand at any moment.  This is an issue that first reared its head in the very earliest days of recording technology with the advent of the four-track tape recorder, and which was only compounded with the advent of more recording capabilities culminating in what we have now in the digital world as unlimited tracks with unlimited rewrites and edits. This very issue is raised by Hans Joachim Braun in Music and Technology in the Twentieth Century, stating: 

During the last twenty years, a large number of different programmes and computer languages have been developed. Today they offer sophisticated possibilities to analyse, process and create sound in real-time. Recent technologies have made it possible to subject almost all 
parameters of music material, of its interpretation and, probably in the near future also of its distribution, to complete 'editability'.        

 
 
 
 
 
 
 
 
 
(Braun, 2002) 
This ‘complete editability’ can also have an influence on software instruments, where not only the music but the sounds and performances used can be constantly edited and changed. As such, a suggested working practice is to adopt that of conventional recording and production projects and deal with each stage of creating the musical work separately. One the composition, orchestration and arrangement is complete, followed by the programming and sequencing of the works using sampled instruments, then each part should be ‘printed’ or committed to a recording. This allows the composer to focus purely on the next stage; that of mixing the work, and discourages endlessly changing and tweaking parameters and elements of the music which the digital domain provides. 
c) If sampled bass or cello sections are not effective in terms of providing the required bass or low end of a particular piece; be it the recording methods or the size of the ensembles used for the samples, the addition of a synthesised bass line can be used to add more weight and strength to the bass section. This is a similar approach to that of using a frequency generator to enhance that of kick drums for example, adding sub harmonics and frequencies to the sound of the original recording. Using a synthesised bassline also can help to blend and tie together disparate cello and bass sections. 
d) When mixing in general, but particularly when working with software instruments and MIDI data, it can be vitally important to maintain fixed volume levels across the entire mix. This ensures that when a particular instrument or section needs to be louder or quieter, the dynamics of the instruments should be changed to reflect the change and not merely manipulating the volume faders, which will contribute to an unrealistic balance in relative volumes. Mike Verta provides some advice in regard to this in relation to working with samples;
My recommendation is take one of your brass instruments, set your velocity crossfades somewhere in the middle; mezzoforte, play some lines, and set your volume in the room somewhere where it's satisfying and present and comfortable and inspiring. Not too loud, not too quiet. A lot of times I can almost tell what volume the composer was working at when I hear mockups, because sometimes if you're monitoring too loud, you'll actually bias your samples quieter. Make sure that you're giving yourself a good range of dynamics to go from, both up and down, so you're utilizing the sweet spot of the instruments.











(Verta, 2011)
e) Given the multiple parameters and controls MIDI tracks can use over on instrument, it can be helpful to begin each part with a bar or empty space at the beginning of each track to reset all applied controls. This can prevent a MIDI track beginning a part with the incorrect settings applied, or performing a part with the MIDI data ‘midstream’ instead of from the beginning.  
6.9 Peripherals & Devices

The market for MIDI devices & controllers has rapidly expanded. As evidenced by the 

composer survey, many composers utilize. With the advent of touch screen devices and 
hardware with cross functionality and integration, users are also adopting various other 
devices to manipulate MIDI data.  

As ‘playing in’ a MIDI performance can be extremely helpful in adding a level of humanness to a sampled sequence, the kind of MIDI device or peripheral used to enter or record the performance can have an influence. Furthermore, given that one of the complexities of musical performances is the various parameters that continually change and alter over time, the ability for the user to control multiple parameters simultaneously can be helpful. From the very advent of MIDI, developers and inventors have created a variety of devices and hardware peripherals to cater for the expanding use of standard in various environments and applications. Whilst this trend largely began with a focus on hardware equipment to interface between the various synthesisers and serve as interconnectors between sound modules and the newly emerging audio workstations, today the focus is largely on facilitating the use of MIDI within the digital domain; and this invariably includes interacting with, using and manipulating sample libraries.  






Devices for entering in MIDI data such as keyboards have been staples of composers’ studios almost from when the standard was first established. With the advent and rise of physical modelling synthesis and then sample libraries which utilise several different MIDI CCs and parameters simultaneously, hardware developers began to focus more on designing devices which could allow users to intuitively enter in MIDI notes and information which could bridge the gap between the software-oriented sample libraries and the act of performing the pieces of music realistically. Following on from the first iterations of MIDI keyboards,  electronic drumkits, and wind controllers such as the Akai EWI Wind Controllers, provided composers with an altogether new means of entering this data in a way comparatively similar to how a musician may perform it, forcing the composer to think in terms of realism and performance in a manner that entering MIDI data with a device diametrically opposite to how the given instrument would behave. 








By using a hardware device such as a wind controller, the user can manipulate these controls to mimic the desired sound. Following on from these hardware devices, one tool that has just recently become more widely found in composer’s studios is that of the touchscreen interface as a means of controlling or interconnecting between programs and software instruments. A common studio setup used by composers today is that of using multiple computers and/or several different Digital Audio Workstations and other programs to help run the extensive libraries with the touchscreen linking between the various programs or switching the given controls depending on what current program is selected.  

The composer survey found that 100% of respondents use a MIDI keyboard in their practice. This can present numerous challenges, as a keyboard provides a control interface that can be radically different from that of the instruments and performances a composer may be trying to replicate. As The importance of parameter mapping in electronic instrument design notes how

In an acoustic instrument, the playing interface is inherently bound up with the sound source…With electronic and computer instruments, the situation is dramatically different. The interface is usually a completely separate piece of equipment from the sound source.








(Hunt, Wanderly, Paradis, 2002)

This issue is further compounded by the playing mechanics of the instrument and its performer. String instruments can present very different challenges being triggered by a keyboard than a percussion instrument, for example;

…the mechanics of a MIDI keyboard and a string acoustic instrument have very little in common. This is the reason why it is fairly hard to render the flexibility and multi-color character of a string instrument from a keyboard.







(Pejrola, DeRosa, 2007, p135)

The key benefit of using additional MIDI controllers is that of greater control and flexibility in manipulating various parameters. Devices such as touch screens allowing for both X and Y axis values simultaneously, MIDI breath Controllers which can allow for axis values, air pressure and bite sensitivity, to the new ROLI Seaboard Controller which provides touch sensitivity with the control of a keyboard all provide the composer with many possibilities. Assigning values and parameters within a sample library to various controls, known as ‘mapping’, provides great flexibility and enhanced performance options, particularly for composers who wish to record the MIDI data while it is being performed. 
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Figure 20. Hans Zimmer’s Custom-made Touchscreen Template (cdm.link, 2012)


6.9.1 Peripherals & Devices Techniques
	Category
	
	Technique 
	Tools/Applications
	Effect

	6) Peripherals & Devices

	a)
	Touch pad control
	Touch Pad, TouchOSC
	Use a touch pad for an alternative means of controlling MIDI data

	
	b)
c)

d)

e) 
	Breath Controller

Use Notation software as an interface to notate

Use sound set editors for added control

Use scripting for additional options within a Sample Player. 
	MIDI Breath Controller 

Notation Software
Sound set editing controls

	Using a breath controller can significantly enhance the method of creating woodwind and brass lines


Table 15 - Compendium: Peripherals & Devices
6a) If using hardware controllers does not provide suitable performance capabilities, the use of a touchpad to control various parameters simultaneously can be a useful replacement. Using third party software such as TouchOSC, MIDI data can be manipulated in a variety of ways such as assigning Modulation to be controlled by sliding up and down, and Expression by moving left and right on an X-Y pad, thereby providing seamless control of both parameters at once. 

b) The use of a MIDI Breath Controller can add significantly more expressiveness and life into a virtual performance. Assigned to one CC, it can be used in combination with the mod wheel or any other controller to allow real time manual input into a recording of two separate parameters. For example, the mod wheel can be used to control the level of dynamics, whilst the Breath Controller simultaneously controls the depth of vibrato.
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Figure 21. The TEControl USB MIDI ‘Breath and Bite’ Controller, which allows the user to control four MIDI parameters simultaneously through air pressure (typically to control dynamics and velocity), biting sensitive, and tilting along both axis.
c) Many orchestrators and composers have stated that composing and writing music can have a visual element, in that the balance and spread of voicings, dynamics and instrument choices can quickly be assessed in a work by looking at a full score. 

d) A Sound Set can be described as an intermediate set of instructions used by a software program, most commonly in Notation Software such as Sibelius, which allows it to more accurately trigger or playback. As described on the soundsetproject.com website;
A sound set is a map of sample library or hardware MIDI device that instructs Sibelius where to find the sounds that library or device contains and how to access them. This includes keyswitches, MIDI CC's, program/bank changes, drum sound mapping, etc. This additional programming is designed to be used with sample libraries or devices you already own.









(soundsetproject.com, 2018)
These can greatly enhance the benefit of using a Notation program in conjunction with the advantages of having more realistic playback from the sample libraries. 

e) As with Sound Sets, scripting can be used for some Sample players, namely the Kontakt Player, for added control and increased ‘editability’ of sound files and samples. Used in a similar fashion programming, various third party and user created scripts can allow for enhanced options and capabilities that might not otherwise be possible with using a standard commercial sample player or library. 
6.10 Orchestral Templates

As found in the composer survey (Appendix D Composer Survey – Q10), 80% of respondents stated that they use, or have used, a template in their working practice as a composer. The issue of balancing sections internally within an orchestra can be a vital factor in emulating the sound of a real ensemble. The use of orchestral templates has been an important tool in the arsenal of composers for many years now; particularly since the number and complexity of current sample libraries is continually growing. The size and complexity of the template can vary drastically; during an online video demonstrating the creation of a template, composer and educator Guy Michelmore states that his template contains around 650 separate MIDI tracks/instances (Michelmore, 2013), each of which deals with triggering a specific digital instrument or articulation patch. This growing importance or awareness of using orchestral instruments among general users is suggested by the composer survey, with 80% of respondents stating they currently use a template in their working practice.

In creating a template, the user may choose to configure advanced routing options, use predefined reverbs and delays applied and set on each instrument as required, effects processing, etc. Not only does the use of a template considerably speed up the initial process by eliminating the need to select and insert the desired instruments one by one, but it also increases the efficiently whilst composing by allowing the composer to quickly select any of the instruments contained in the template. Whilst not an issue directly related with creating mock ups and realistic virtual renditions, it is nonetheless important to note the growing adoption of the orchestral template as not only a means of saving set up time, but also as a way of creating elaborate routing matrices with sends and returns utilizing reverbs and details, or for panning and volume balances across instrument groupings.
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Figure 22. John Powells' (How to Train Your Dragon, Bourne Identity) Scoring Template within Logic Pro (Facebook.com, 2018). Many Media composers discuss creating various Orchestral templates, and the composer survey found that over 80% of respondents use a template in some form or another.
Chapter 7: Conclusion
By exploring and bringing together numerous sources, formats, and disparate disciplines, this work aimed to create a resource for composers aiming to improve and contribute to the general practice of orchestral emulations using commercial sampled instruments and devices. As evidenced by the increasing body of resources offering advice and information on approaching this topic, there appears to be a growing demand for information of this kind. Furthermore, despite being an informal study, the composer survey provides further suggestions and potential trends regarding this, with 86% of respondents having used educational or teaching sources on the practice. However, as highlighted in the Literature Review, much of the existing academic research deals primarily with exploring new, innovative or proprietary means of orchestral emulation, or a narrow element of the practice largely bypassing any form of pedagogical contributions or repeatability for the general user. In direct opposition to this, commercially available resources on the topic are largely out-dated or too broad and general to be useful beyond an introductory level. 
This work thus sought to disseminate and combine these available sources concerned with understanding and improving the practice of orchestral and ensemble emulations virtually. Designed to be comprehensive yet accessible and beneficial for anyone utilizing orchestral sample instruments and useful in real world applications for commercially available sample libraries and software instrument emulations in general. 

The sectionalised approach relating to separate categories provides a quick reference resource relating to the various areas concerned which a composer may encounter, keeping within the remit of commercially available software and avoiding product specific techniques ensures a wider degree of applicability and a reduced impact of becoming dated as is an element of the published books on the subject. The format of the compendium also allows for continual addition, expansion and refinement across the various disciplines with any future techniques and contributions easily added to the compendium. 

Material and resources dedicated to orchestral simulations and acoustic performances continue to steadily increase. This can also be seen in some areas of academia, with research articles and papers. Looking at the practice from various different disciplines and perspectives ranging from purely explorative or academic standpoints to those contributing to general users and commercially available products (e.g. Acoustic Instrument Simulation in Film Music Contexts Furduj, 2014)









At the outset of this work, several aims were established by reviewing existing similar works and highlighting the strengths and weaknesses of these resources. Several steps where then devised to as to help ensure that these aims where met as closely as possible. The general aims of the compendium were as follows;

1. As many elements of existing published material is now outdated or irrelevant, the need to continually update and edit is essential. For this reason, it was decided that hosting the compendium online would more easily cater to this. 

2.Rather than using a complete ‘tutorial’ style approach used in many of the published books or online videos whereby the user is taken step by step from beginning to end, it was decided that the compendium would be of a more direct, concise and ‘technique specific’ format. This would allow users to more quickly and easily navigate to a technique specifically aimed at addressing a particular problem. 

3.Techniques or information provided should avoid referencing specific products, software or a particular brand of developer where possible to avoid bias or influence. Where this is not applicable is in cases of using examples or if a technique can only be applied to that particular software/product. 

4.Audio examples, diagrams and other third-party references should be provided along with the techniques to make their understanding clearer. 

5.Given the wide range of sources referenced, the material should be open access and available to anyone.

6. The compendium should be comprehensive and span across all of the various different disciplines and aspects involved in orchestral simulation.

Briefly detailed below is how each of these aims were addressed within the compendium. 

1.The compendium has been placed online at www.midiorchestra.com and can be easily accessed by anyone with the link. This also allows for any element of the compendium to be edited, removed or expanded upon at any time. 

2.The compendium is broken down into each individual technique, organised under each separate category. This allows the user to more easily find a technique relating to a particular problem or aspect. 

3.Specific products and software are largely avoided in the compendium. Where this is not the case relates to examples or techniques which can only be achieved through a particular software program (e.g. 6.4.1 Articulations 4r - Manual con sordino with Melodyne). This issue is somewhat offset by the inclusion of list of free sample libraries, effects plugins and other resources along with the compendium (Appendix A – Free Third-Party Resources)

4.Audio examples (Appendix E – Original Compositions & Audio & Audio Examples) are included where necessary to accompany some of the techniques in the compendium, whilst original and third-party diagrams and tables are included to provide further information for the user. 

5.As made possible by hosting the compendium online, the resource is easily accessible by anyone with the link to the resources’ webpage. 

6.As evidenced by the various categories present in the compendium, techniques span across many of the different disciplines and aspects relevant to the practice (e.g. Acoustics, Audio Processing, Peripherals & Devices, etc.).
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Appendix A - Free Third-Party Resources

As the primary aim of this compendium is that of creating a resource which is widely applicable and useful to anyone wishing to emulate orchestral performances, included below is a table of free sampled instruments, sample players, effects, and other general resources. This table was included along with the compendium on the online hosting page (jmurphymusic.com/research) and will be updated and expanded upon in the future.  

	
	Type
	Format(s)
	Developer
	D/L Link
	Notes

	Sample Players

	Kontakt 6 Player
	
	RTAS, AAX, AU, VST
	Native Instruments
	https://www.native-instruments.com/en/products/komplete/samplers/kontakt-6-player/free-download/
	In some cases, the full Kontakt version will be required to run a library.

	Engine 2
	
	AAX, AU, VST
	Best Service
	https://www.bestservice.com/engine_artists_library.html
	

	Sforzando 
	
	RTAS, AU, VST, AAX
	Plogue
	https://www.plogue.com/downloads.html
	used to host various plugin formats including soundfonts. 

	Instruments
	Piano

	Livingroom Upright Piano
	Upright Piano
	
	KeyPleezer
	https://keypleezer.com/
	

	Piano in 162
	Grand Piano
	
	Ivy Audio 
	http://www.ivyaudio.com/Piano-in-162
	Requires full version of Kontakt

	
	Organ

	St Augustine’s Organ
	Church Organ
	Kontakt
	Big Cat Instruments 
	http://bigcatinstruments.blogspot.com/2014/04/saint-augustines-organ.html
	

	
	Woodwinds

	Ivory Wind
	Tenor Recorder
	
	
	
	

	Simple Flute
	Solo Flute
	
	FluffyAudio
	https://fluffyaudio.com/shop/simple-flute/
	

	Alpine Bb Clarinet
	Clarinet
	Kontakt
	The Alpine Project
	http://alpineproject.wixsite.com/main/bb-clarinet
	Eb Clarinet also available

	Alpine Bassoon
	Bassoon
	Kontakt
	The Alpine Project
	http://alpineproject.wixsite.com/main/bassoon
	

	
	Brass
	
	
	
	

	Van Houzen Trumpet
	Trumpet
	Kontakt
	Kmlandre
	https://drive.google.com/file/d/0BzmEXCMtF4jHSURPdGZfMjlGXzQ/edit
	

	Alpine French Horn
	French Horn
	Kontakt
	The Alpine Project
	http://alpineproject.wixsite.com/main/solo-french-horn
	

	War Tuba
	Tuba
	Sforzando
	Karoryfer Samples
	https://www.karoryfer.com/karoryfer-samples/wydawnictwa/war-tuba
	

	Carpenter Trombone
	Trombone
	Kontakt
	Ivy Audio
	http://www.ivyaudio.com/Carpenter-Trombone
	Requires full version of Kontakt

	
	Strings

	Solo Violin Legato
	Solo Violin
	
	Performance Samples
	
	

	pocketBlakus 
	Solo Cello
	Kontakt
	Blakus
	http://blakus.com/pocketblakus-192 
	

	Intimate Strings LITE
	String Section
	Kontakt
	Embertone
	
	

	River Harp
	Solo Harp
	
	Performance Samples
	https://performancesamples.com/riverharp/
	Requires full Version of Kontakt


	
	Type
	Format(s)
	Developer
	D/L Link
	Notes

	Instruments
	Strings

	E-Ukulele
	Ukulele
	
	Audiowiesel
	http://www.audio-wiesel.com/e-ukulele/
	Requires full Version of Kontakt

	3 Acoustic Guitar Libraries
	Acoustic Guitar
	
	Indignus
	http://indiginus.com/freedownloads.html
	

	
	Percussion

	Big Mono
	Acoustic Drum Kit
	
	Analogue Drums
	http://www.analoguedrums.com/products/big-mono/
	Requires full Version of Kontakt

	Sonatina Timpani
	Timpani
	
	Big Cat Instruments
	http://www.vst4free.com/free_vst.php?plugin=Sonatina_Timpani&id=2331
	Requires full Version of Kontakt

	
	Vocals

	Clare Solo
	Solo Female Vocals
	
	Ivy Audio
	http://www.ivyaudio.com/Clare-Solo
	Requires full Version of Kontakt

	Ancient Voices
	Male Chamber Choir
	
	Embertone
	https://embertone.com/instruments/ancientvoices.php
	Requires full Version of Kontakt

	Sonatina Choirs
	Male & Female Choir
	
	Big Cat Instruments
	http://www.vst4free.com/free_vst.php?id=2310
	

	Effects Processing
	EQ

	TDR VOS SlickEQ
	Hardware EQ emulator
	VST, AU
	Tokyo Dawn Records
	https://www.tokyodawn.net/tdr-vos-slickeq/
	

	
	Compressor

	Rough Rider
	Compressor
	
	Audio Damage
	https://splice.com/plugins/774-rough-rider-vst-au-by-audio-damage
	

	
	Reverb

	Halls of Fame 3
	Convolution Reverb
	AAX, AU, VST
	Best Service
	https://www.bestservice.com/halls_of_fame_3_free.html
	

	
	Delay

	Retro Delay
	Delay & Modulation
	VST
	e-phonic
	http://www.e-phonic.com/plugins/retrodelay.php
	

	
	Stereo Imaging

	Ozone Imager
	Stereo Imaging 
	VST, AU, RTAS, AAX
	Izotope
	https://www.izotope.com/en/products/master-and-deliver/ozone/ozone-imager.html
	

	
	Transient Shaper

	Couture 
	Transient Shaper
	VST, AU, AAX
	Auburn Sounds
	https://www.auburnsounds.com/products/Couture.html
	One element disabled for the free version, otherwise does what it needs to.

	
	Saturation

	Saturation Knob
	Saturation & Distortion
	VST, AU, AAX, 
	Softube
	https://www.softube.com/index.php?id=satknob
	

	Soundfield
	
	VST, AU, AAX
	Rode
	https://en.rode.com/soundfieldplugin
	

	SPAN
	Spectrum Analyzer
	VST, AU, AAX
	Voxengo
	https://www.voxengo.com/product/span/
	


	
	Type
	Format(s)
	Developer/Creator
	D/L Link
	Notes

	Miscellaneous

	Philharmonia Orchestra
	Recorded Samples
	MP3
	Philharmonia Orchestra
	http://www.philharmonia.co.uk/explore/sound_samples
	Individual recorded samples of orchestral instruments 

	Thinkspace Education Orchestral Stems
	Live Orchestral Stems
	WAV
	Thinkspace Education
	http://thinkspaceeducation.acemlna.com/lt.php?s=3ddd3518cc8b2701f6f653e2550db83a&i=180A531A30A1268
	Provides orchestral stems of a live orchestral recording which can be used as reference material for samples. 

	Indignus Guitar Chord Voicings
	Manual
	PDF
	Indignus
	http://indiginus.com/files/GuitarChordVoicings.pdf
	Provides examples of guitar chord voicings compared to working from a keyboard.  

	MuseScore
	Notation Software
	
	MuseScore
	https://musescore.org/en
	Free Notation Software

	eDrum MIDI Mapper
	
	
	ChaoticBox
	http://audiomidi.chaoticbox.com/
	Allows the remapping of MIDI input and output Data. No longer supported by the developer, but still works just as well. 

	LoopBe1
	
	
	Nerds.de 
	https://www.nerds.de/en/loopbe1.html
	Provides a virtual ‘MIDI Cable’ to transfer MIDI data between computer programs. 


Appendix B – Glossary of Acronyms

AAX  
Avid Audio eXtension: A proprietary format of virtual instrument plug-ins used by Avid.
AU 
Audio Unit: A proprietary format of virtual instrument plug-ins used by Apple. 
AUX  
Auxiliary Track: A type of audio track that allows audio signals to be routed in through it and output it to another track. 
DAW  
Digital Audio Workstation: A computer software program or hardware device used to record, edit and manipulate audio digitally.
MIDI 
Musical Instrument Digital Interface: An international standard and protocol used to allow music devices and electronics to connect and interface together and exchange data. Consists of a series of values ranging from 0 to 127. 
MIDI CCs    
Musical Instrument Digital Interface Continuous Controllers/Commands: 


A series of messages assigned to a value, from 0-127, used to control various 

parameters. 
TDM 
Time Division Multiplexing: A proprietary format of digital instruments used by Avid whereby Pro Tools plug-ins use dedicated outboard hardware processors. 
RTAS 
Real Time Audio Suite: A proprietary format of software instruments used by Avid for Pro Tools plug-ins. 
VST  
Virtual Studio Technology: A format of software instrument plug-ins first developed by Steinberg.
VSTi  
Virtual Studio Technology Instruments: Specifies that the particular Virtual Studio
Technology plug-in is an instrument, rather than an audio effect. 
EQ  

Equalisation: The process of controlling the frequency response of a sound. 
SMPTE 
Society of Motion Picture & Television Engineers: A standard of 



labelling and specifying the series of individual frames within a film or video. 
MSB 
Most Significant Byte: Part of the MIDI Continuous Controller codes which allows
for additional fine tuning and control within the MIDI standard.
OSC  
Open Sound Control: A protocol used by musical devices and computers that make use of networking capabilities to connect and share data.  

Appendix C - Glossary of Terms

Additive Synthesis:  
A method of synthesis that combines sine waves together to create 



various timbres. 
Attack: 
The length of time, measured in milliseconds, for a sound to reach it's highest amplitude.  
Compression: 
The process of controlling the overall dynamic range of a piece of audio between the quietest and loudest parts.
Decay: 
The length of time, measured in milliseconds, for a sound to reduce to the sustain level after reaching its initial attack. 
Delay: 
The process of having a piece of audio repeated after a set period of time and number of repetitions. 
Expression: 
A MIDI Continuous Controller Code (no.11) used to control a percentage of the volume level in conjunction with the Volume Controller Code (no.7). 

Glissando: 
A technique in music performance where the player slides between one note to another, with each note in between 
Interval: 

The distance between two musical pitches. 
Keyswitches: 
The process of assigning several different articulation/sound patches of a software instrument to keys on a keyboard as a means of changing between the various articulations played back. 
Legato: 
A technique in music performance where a series of musical notes are played without a discernible break inbetween, e.g. notes performed with the same bowing or within the same breath on an instrument. 
Marcato: 
A technique in music performance where a note is to be played louder or accented. 
Mockup: 
A piece of music created virtually/digitally as a representative or demonstration for a piece of music that is to be, or has already been, performed by live musicians.  
Mod Wheel: 
A common physical controller found on MIDI keyboards. Typically assigned to control Continuous Controller code no.1 (Modulation). 
Pan: 


The positioning of a sound within the stereo field. 
Pizzicato: 
A technique in music performance where the musician plucks the strings of a stringed instrument instead of using a bow or pick. 
Plug-in: 
A small software program or module used within a larger program which adds additional capabilities or options. 
Polyphonic: 

From Polyphony; Multiple notes or tones played simultaneously. 

Portamento: 
A technique in music performance where the player slides between one note to the next. 
Quantize: 
The process of limiting the set range or values of a given parameter, e.g. the highest and lowest velocity range of a set of notes.  
Reverberation: 
The continuation of a sound within a given space after the initial sound has ceased. Measured in milliseconds. 
Round Robins: 
The number of unique or individual samples/sounds provided for the same note. 
Sampler: 

A software program used to 
Sampling: 
The process of taking a sound or piece of audio and altering or reusing it. 
Sequencer: 
A software program similar to a Digital Audio Workstation, but only works with MIDI and not audio. 
Sostenuto: 
A direction given in music whereby a piece should be played either sustained or prolonged. Also a pedal on a piano or MIDI CC effect whereby only notes held when the effect/pedal is applied remain sustained. 
Spatialisation: 

The process of imparting a sense of space or localisation of individual 


instruments/musical parts within the stereo field. 
Staccato: 
A music performance technique where a note is played with a short duration and detached from the preceding and following notes. 

Sustain: 
The third stage of an ADSR envelope (S) which is the length of time, measured in milliseconds, for a sound to sustain. Also a pedal on a piano for sustaining notes played.
Transpose: 

The process of altering a value/parameter by a set amount. 
Tremolo: 
A music performance technique whereby the player either rapidly alternates between two notes, or rapidly plays a single note repeatedly. 
True Legato: 
A feature of some sample libraries whereby samples have been made of real performances between notes
Vibrato: 
A music performance technique whereby the player plays a note with a regular pulsing or undulating effect applied.
Appendix D – Composer Survey 
As part of my current Research project 'Virtual Instruments & the Contemporary Composer: Replicating Musical Performances within a Digital Audio Environment' (Now updated to ‘A Composers Compendium: A Resource for Overcoming Obstacles and Improving Simulations with the Sampled Orchestra’) , this questionnaire seeks to gain an understanding of the current general state of the art and practice of today's composers and general music creators and their use and/or views on Virtual Instruments which try to mimic or replicate real instrument performances digitally.

The Survey is open to anyone who engages in music creation or performance in any capacity. By taking the survey, you agree that the results of which can be used for the above-mentioned research project and used and distributed/published for its completion. 

The survey is completed anonymously, with no questions on the survey requesting private or personal data, or any information which could be associated or linked to any individual. None of the questions are obligatory and can be answered or skipped at the participants discretion. 
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Appendix E – Original Compositions & Mock ups
13. Solo (Piano – From a Glint to a Shimmer)  

The first piece composed for the portfolio was scored for Solo Piano. As a prelude to the creation of the Bill Evans and Rachmaninoff mock-ups which feature pianos prominently, the articulations and general tasks with recreating a piano virtually were highlighted and became clear whilst composing this piece, and so these general difficulties were somewhat easier to deal with when then creating the mock ups. This is particularly true for the Rachmaninov Piano Concerto which features fast, ascending and descending melodic passages.  

For this piano piece it was intended to feature both slow, sustained chord progressions which would then gradually transform into fast melodic passages. It is this gradual but continuing change of timbre from pianissimo (soft) to forte (loud) that can and did prove problematic, as 

the limitations in MIDI values and sampling.  
 
 
 
 
 

14. Duo (Euphonium & Solo Voice - Orexis) 

The earliest experiments carried out for this research in virtually rendering the human voice prior to the mock-ups was used in the creation of this work, which makes use of a sample library (Soundiron) which uses phrases and melodic fragments which can be manipulated, albeit in a highly limited form, by the user. For the solo voice it was chosen to be a soprano whilst the accompanying instrument would be a euphonium; the reason being that as a result each part would be suitably spread across to each other in the frequency spectrum and so serve as a more complimentary pairing. The pairing would also expose a common issue encountered with sample instruments; that of using disparate libraries which contain very different ambiences and recorded spaces within the samples. Because of the restrictions and limitations on the vocal library; that of sampled phrases, the soprano part and melody had to be created first. Once this was completed, the accompanying Euphonium part was then created as an accompaniment to work around the leave vocal line.  

15. Quartet (String Quartet – Noumena) 

Moving on from the solo piece, the next piece was decided to be a grouping of instruments of similar timbral characteristics that would need to effectively blend and homogenise easily. Being the staple of western chamber music, the String Quartet was decided, with the arrangement of two violins, a viola and a cello.  

The primary aim of the string quartet was to include various different articulations within the performances of the piece. One of the key existing works used for inspiration of the piece was Maurice Ravels’ String Quartets, which utilize a wide arrant of performance techniques. The piece consists of 3 movements, with the first and last movements being very similar with the second section being solely performed with the strings utilizing pizzicato, essentially creating a varied A-B-A structure. Lyrical and flowing legato lines make the bulk of the piece, with pitch bends and marcato accents used sparingly within the work.   

Of all of the pieces created for the portfolio, the string quartet had gone through the greatest number of edits and revisions, and this was largely down to the difficulties in creating a uniform sound across not only each of the different instruments, but within each instrument itself. This was largely down to poor consistent tone and volume of the samples done across different articulations, which changed noticeably when changing from for example one style of legato transition to another. A corollary to this was that the fall-back of ‘playing to the samples’ became an even easier solution, which had to be purposely avoided.   

16. Quintet (Piano & String Quartet – Phantoms, Dancing) 

The fourth piece was to consist of two previous groupings of instruments together so as to experiment with the combination of the disparate instrument types; in this case strings and piano. The track is relatively short and serves as one movement; beginning with a solo piano outlining a recurring motif which is then accompanied by the strings entering one at a time. The piece gradually builds to a crescendo with all of the instruments reaching a climax, followed by a gentle fade out with just the piano.  

17. Electronic Ensemble: Fading Retrospective 

One area of music technology that is similar to the current subject is that of software emulation of musical hardware. This has come to cover all manner of devices as synthesisers, mixing consoles and hardware processors; with all of the most popular or vintage devices in music history being recreated in some form virtually. Whilst beyond the scope of this current research, this parallel aspect of virtual hardware came nonetheless to be represented in this 

track.   
 
 
 
 
 
 
 
 
 

 
Using Native Instruments Monark; which attempts to digitally replicate a Moog 

Monophonic synthesiser released in the 1970’s to create a subtle bass line, with Spectrasonics Omnisphere used to create subtractive synthesis generated sound effects. Piano, solo strings and a full violin section serve the basic musical material, whilst the synths provide atmospheric ambience and background noise.  

18. Large Ensemble (Full Orchestra & Choir): In the Shadow of the Mountain 

The final piece was to consist of all four sections of the orchestra as well as a full Soprano, Alto, Tenor, and Bass (SATB) choir. As well as including the most number of instruments, the piece also utilizes the most varied performance articulations and techniques, as well as the greatest variety of different sample libraries, as opposed to using all instruments from one library collection.  The piece roughly consists of four separate sections, with the final fourth section being a repeat and resolution of the first. Whilst the first and last movements feature full choir, the second and third movements feature a solo soprano and bass vocalist respectively. 
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