Digital Filtering for Musicians

Niels Bogaards

Utrecht School of Arts, T he Netherland s

nielsb @stad.dsl. nl

Abstract

                                       T he CD-ROM Digital Filtering for Musicians  was made to build a bridge between two very

                                       diverse, yet interrelated topics; digital audio techniques and music, with the main focus on one of

                                       the central techniques: filtering. T o make optimal use of digital filtering in a musical context

                                       requires insight in mathematics and co mp utational theor y as well as music. B y presenting these

                                       three field s side-b y-side on an interactive basis, readers can familiarize themselves with the

                                       relevant topics and their relations, without being over whelmed b y the co mplexity of the subject.

1 Introduction

Music, digital theor y and filtering theor y are three

diverse and ver y broad subjects, yet kno wled ge of all

three is needed for the optimal use of digital audio

filtering.

While many books exist on both the individual fields

and their co mbinations, with excellent ones amo ng

them, Digital Filtering for Musicians  takes a different

approach. For various reasons, the CD-ROM was

chosen instead of a book, and the content is laid out

much like a website, with infor mation structured in

pages, and links containing their relations. T he digital

for mat allo ws the inclusio n of sound fragments, as

well as the freedo m to choose a path of reading,

rather than just turning the pages. Because of this

approach, the complex, difficult material may be

understandable for a broad range of readers.

T his article introduces the CD-ROM, and mo tivates

the approach.

2 Digital filtering

Digital filtering is a central technique in digital signal

processing (DSP). A filter can modify the spectral

content o f a signal, or to put it in musical ter ms,

change its timbre. T his, plus the fact that viewed fro m

a mathematical and co mp utational point of view

filters are ver y simple, makes filters ideal building

blocks for signal processing.

Digital filtering for ms the basis for most digital audio

processing. Digital filters are used in effects

processors like flangers, reverbs, phasers and wah-

wahs. T hey are also co mmon building blocks in

analytical devices such as spectral analyzers, and

digital synthesizers.

2.1 The relevance of understanding filters

Filters are usually described in ter ms of their

frequency response; the way in which the filter

affects the spectral content of its inp ut signal.

T o design a filter with a specific frequency response

is not a simple task. While various modeling methods

exist, they o ften require a good kno wledge o f

complex mathematics. As a result, many musicians

shy away fro m filter theor y and only use those

applications that are readily available. On the other

hand, designing a filter witho ut sufficient musical

skills can result in filters that do not meet musicians´

demands.

Having both a musical ear as well as insight into the

issues involved with digital filtering opens the way to

the develop ment of new instr uments and techniq ues.

3 The CD-ROM

T he structure of the Digital Filtering for Musicians  is

ver y much like a website. Viewed in the bro wser, the

windo w co nsists o f three parts, a navigation frame, a

content frame and a topic frame. In the topic frame

the actual infor mation is presented, consisting of text,

images, audio examples and programming so urce

code.

T o switch topics, the reader can either select a topic

fro m the content list, click a link in the topic text, or

use the navigation services, which lead to related

subjects.

3.1 Topics

T he CD contains over 100 topics, ranging fro m

synthesis and effects processing to Fourier analysis,

circular buffers and convolution. I n the content list all

topics are grouped into chapters, such as digital

system implementation, musical applications and

mathematical analysis. Bro wsing fro m the links in the
text b ypasses this ordering, and thereb y circumvents

the conventional layo ut o f textbooks.

3.2 Audio examples

Over 75 audio examples co mplement the written text.

T he audio files are provided in the high-quality 16-bit

44.1 kHz format, and can be played immediately

fro m the bro wser. While so me are pieces of music

captured fro m recordings o f the actual use of

filtering, others are made solely to further explain a

discussed technique.

3.3 Code examples

Programming source code examples are also

included. Written in the C or the Csound language,

they are intended as an introductio n to the

implementation of digital filtering techniques. Seeing

the actual implementatio n of an algorithm can

so metimes be far clearer than a co mplex

mathematical for mula.

As the examples are wor king programs, the interested

reader can use them as a basis for further exploration.

4 An electronic book

Digital Filtering for Musicians  is an electronic book,

which allo ws for so me possibilities not found in

conventional books. Rather than being `a book on the

screen´, the CD-ROM has interactive features to

facilitate the reader in stud ying the various aspects of

digital filtering. In addition, many readers will

probably just `click away´, and have fun playing the

audio examples.

4.1 Customizing the content

Without a scientific background, most books on

digital signal processing (DSP) are hard to read. T he

abundance o f co mplex for mulas can be distracting if

one is only interested in the underlying global

mechanisms. T herefore the CD-ROM has a switching

mechanism, allo wing the reader to switch extra

infor mation o n mathematics, music or co mputational

science on and off. When all switches are on, ever y

topic is presented in full, thereb y clarifying the

relation between for mulas, programming code and

audio. Setting only one s witch facilitates the

concentratio n on one aspect, without distraction b y

other details.

4.2 Implementation

T o be able to create a book with auditor y examples, a

custo mizable content, and witho ut a pre-fixed order,

the HT ML language was chosen, enriched with

JavaScript. T hese languages are ways o f coding text,
image and auditor y co ntent so that when interpreted

by a bro wser (such as Netscape’s Navigator) an equal

result is produced on most computer s and mo nitors.

When the reader calls up a topic, a new page is

rendered to suit the current settings and configuration

5 Intended audience

T he theory and application of musical digital filtering

requires kno wledge of three disciplines; mathematics,

comp uter science and music . Digital Filtering for

Musicians  is intended for anyone who has a

background in one o f these field s, and an interest in

the others.

Rather than presenting new approaches or algorithms,

the aim is to give an extensive over view, in an

unco nventio nal for mat.

Because of the absence of a pre-fixed order of

reading, one can at any point decide to delve deeper

into a subject, or skip distracting infor mation. In this

way it is tried to make a `multi-level book´, a book

that can be read by novices as well as experienced

scholars.

6 A practical example

T o clarify the way, in which the CD-ROM can be

used, take the case of a musician who wants to kno w

ho w a flanger works. A likely starting point wo uld be

the flanger page, which can be selected fro m the list

of contents. T he topic frame contains text, explaining

the internals and the use o f a flanger, a block diagram

and an audio example. Additionally, there are links in

the text that point to further explanation o f delay

lines, spectrum, feedback etc. At any given time a

reference list can be called up, containing books,

websites and other sources where infor matio n on the

current subject can be found. Also, there is a list o f

related topics, which in the case o f the flanger

contains links to subjects like d ynamic filters, csound

and co mb filter s.

Likewise, an experienced mathematician may also

end up at the flanger page, via topics like the Fourier

T ransfor m and the delay line.

7 Conclusion

T he goal of Digital Filtering for Musicians is to open

the world of musical digital filters and their

applications to anyo ne who is interested, regardless of

his background and ambitio ns. T hrough multimedia

and Internet technology it is possible to create a

custo mizable textbook, which presents its content

through text, image, audio and interrelation.

T he reader can choose his o wn path, fro m any
starting point, and investigate along the lines of his

interest at that point in time. It is this functio nality,

combined with the consequent integration of music

and technology, which can give the CD a place in the

already lar ge body of literature on the subject.

8 Availability

T he CD is currently available only fro m the author. It

runs on Windo ws as well as MacOS, using

Netscape´s Navigator bro wser. Microsoft I nternet

Explorer can not be used.

As Netscape does not provide the LiveAudio plug-in

with its UNIX ver sions, audio examples can not be

played directly fro m the bro wser in a UNIX

enviro nment.

9 Acknowledgements

T he task of producing a cross-platfor m CD-ROM

with over 100 articles was facilitated b y the

enthusiasm of my colleagues and friend s, especially

Ivo Labbé and Martijn Loos, who managed to read

fro m back to front (or whatever direction they chose)

and provide essential feedback.

10 References

A summar y of reso urces used:

Rabiner, L. & Gold, B., 1975, Theory and

                    Application o f Digital Signal Processing,

                    Prentice-Hall, New Jersey, ISBN 0-13-914101-4

Reid, C. & Passin, T ., 1992, Signal Processing in C,

                    Wiley, ISBN 0-471-52713-0

Moore, F., 1990, Elements Of Co mputer M usic,

                    Prentice-Hall, ISBN 0-13-252552-6

Press, W., T eukolsky, S., Vetterling, W. & Flanner y,

                    B. 1988-92. Numerical Recipes. Cambridge

                    University Press, ISBN 0-512-43108-5

Roads, C. ed., Pope, S., Piccialli, A. & De Poli, G.,

                    1997, Musical Signal Processing, Swets &

                    Zeitlinger b.v., Lisse, the Netherlands, ISBN 90-

                    265-1483-2

Van den Enden, A. & Ver hoeckx, N., 1987, Digital

                    Signaalbewerking, Delta Press, ISBN 90-6674-

                    722-6

Roads, C., 1996, T he comp uter music tutorial, MIT

Press, ISBN 0-252-18158-1

Dodge, C. & Jerse, T ., 1985, Computer M usic:

Synthesis, Co mposition, and Perfor mance,

Schir mer Books, ISBN 0-02-873100-X

Young, J., 1994, Insider’s guide to PowerPC

comp uting, Que, ISBN 1-56529-625-7

Smith III, J., 1996, Physical Modeling Synthesis

Update, published in Co mputer Music Journal,

20:2, pp. 44-56

Lancaster, D., 1975, Active Filter Cookbook, Ho ward

W. Sams & Co., Indianapolis, ISBN 0-672-

21168-8

T ijdeman, R., 1991, Co mplexe Analyse, Leiden

University, T he Netherland s

Borin, G., De Poli, G. & Sarti, A., 1992, Algorithms

and Structures for Synthesis Using Physical

Models, published in Co mp uter Music Journal,

Vol 16 No. 4

Stockhausen, K., 1956, Kontakte Partitur, Universal

Edition, UE 13678 LW

Kulk, H., 1994, Analo g and hybr id co mputers,

available fro m the author

Watson, J., 1990, Mastering Electronics, Macmillan

Press, ISBN 0-333-53631-2

T empelaars, S., 1996, Signal Processing, Speech and

Music, S wets & Zeitlinger ISBN: 90-265-1481-6

Wells, T ., 1974, T he technique of electronic music,

303 p. ISBN 0-02-872830-0

Strange, A., 1972, Electronic music, WCB, ISBN 0-

697-03602-2

WORLD WIDE WEB:

Lehmann, S., Har mony Central website,

http://www. har mo ny-central.co m/Effects/effects-

explained.html

Vercoe, B., 1986, CSound manual, MIT , 1993,

available online via:

http://www. leeds.ac.uk/music/ Man/c_front.html

Angelo Farina website,  http://pcfarina.eng. unipr.it/

Don Cross website, http:// www. intersrv.co m/~dcross

/audio.html