
Musi4545: Designing Audio Effects

Spring 2015

Tuesdays and Thursdays 3:30-4:45pm
B011 Old Cabell Hall (i.e. VCCM)

Instructor: Luke Dahl
email: lukedahl@virginia.edu
office hours: 204 OCH. Mondays 10:30am-Noon, and Thursdays 1-2:30pm.

Teaching Assistant: Max Tfirn
email: mdt4kq@virginia.edu
office hours: 214 OCH Tuesdays, 4:45-5:45.

Course Description: This course focuses on understanding, designing and implementing audio
effects and using them for musical projects. We will cover the signal processing involved in effects
such as delay, chorus, flanger, reverb distortion and compression, and we will implement these effects
as VST plug-ins by programming in C/C++ and using the JUCE library. We will emphasize the
musical application of our designs, and as a final project students will create a unique new effect
that addresses their own musical goals. Previous programming experience is very helpful but not
required.

Prerequisite(s): Experience using digital audio for music, and an introductory music technol-
ogy class.

Course Objectives: There are a few goals for this class. The first is to learn about how classic
audio effects work. By the end of the class you will be familiar with the building blocks that effects
are made of (e.g. mixers, filters, delays, feedback, LFOs, etc.), and you will know how to design
new effects from them.

The second goal is to get familiar with the practical details of implementing audio effects as
software plugins. This will include writing code in C/C++, building GUIs, and using software
libraries such as JUCE and Synthesis Tool Kit (STK). It will also include testing your plugins to
make sure they do what you think they do.

Lastly, we want to think about Design with a capital D. What makes a good plugin from the
user’s perspective? What is our process of designing our plugin? How do we know if we’ve done a
good job?

Course Structure: This class is primarily hands-on and project-based. We will cover only
enough theory (of audio, of digital signal processing) to help us do what we need to do. We will
complete six projects. For each project we will implement a different audio effect as a plugin. Due
dates for projects are listed below. These dates might shift slightly as we progress.

In addition to the six projects there will be a final project in which you will create a new and
unique audio effect of your own design. You are welcome and encouraged to work in small groups.
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More details will be presented later. Your final projects will be presented at the time of the final
exam. (There is no final exam.)

Sections will be used to cover additional material, and as an opportunity to get help on your
projects. Assume attendance is mandatory unless notified otherwise.

Software: We will be developing our plugins by writing code in C/C++. We will use the JUCE
cross-platform toolkit to build our plugins as VST plugins. We may also use the Synthesis ToolKit
(STK) library for various audio processing functions.

I will demonstrate how to build plugins using the Xcode Integrated Development Environment
(IDE) in Apple OS X. Xcode and JUCE will be installed on all VCCM mac’s, and you are welcome
to use them. If you use a Windows PC and want to develop on your own computer you may do so,
using Visual Studio and JUCE. If you get stuck getting JUCE to install and build, I will help you
if I can, but I’m not an expert on Windows development.

At some point we may use functions in Matlab/Octave to evaluate our plugins. We will make
Matlab available to you, and you will not be required to buy it.

Some relevant links:

• JUCE: http://www.juce.com/

• Synthesis ToolKit: https://ccrma.stanford.edu/software/stk/

• Steinberg’s VST platform: http://www.steinberg.net/en/company/developers.html

Grading: Class participation and attendance: 10%. Projects: 72% (12% × 6). Final project:
18%.

Schedule: The current plan is for the schedule follows. Changes in due dates may occur, for
which I will give you ample warning:

• Project 1: Volume and Panning effect. Due February 2, at midnight (i.e. the end of
monday).

• Project 2: EQ and Filtering. Due February 16, at midnight (i.e. the end of monday).

• Project 3: Delays. Due February 23, at midnight (i.e. the end of wednesday).

• Project 4: Chorus / Flanger. Due March 16, at midnight (i.e. the end of monday).

• Project 5: Reverb. Due March 30, at midnight (i.e. the end of monday).

• Project 6: Dynamic Range Compression. Due April 13, at midnight (i.e. the end of mon-
day).

• Final Project Proposal due Due April 20, at midnight

• Final Project due and presentation on Thursday, May 7, 2015 9am - 12

Honor Code: The honor code means that you swear not to lie, cheat, or steal. In this course
I expect you glean information from wherever you can: from references, from the internet, and
especially from each other. Some of the work we will be doing is difficult, and programming
computers can be infuriating. We all have different backgrounds and strengths, and we can learn
from each other. I encourage you to work together, share information, and help out your classmates
when they are stuck. If we do this, we can all get much further faster.

“Good artists borrow, great artists steal”[source unclear]. And I will add: “Honorable artists
give credit.” If you used an idea from some source or from a classmate, write it in your lab report.
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And tell other students about it. If there is some information or technique you want to use that
may be protected by patent or other legal means, talk to me before proceeding.

Your oath not to lie or cheat means that the information you submit in your project reports is
accurate. If I ask you to measure some output of your effect, the result you report must come from
your plugin. This is basic ethics, and should be obvious. It will also be very simple to prove if you
do cheat.

Resources: The following books, websites, and online courses may help you in getting additional
perspectives on the class material.

• Book: Designing Audio Effect Plug-Ins in C++, Will Pirkle, 2013.

• Ebook on Virgo: DAFX: Digital Audio Effects, Udo Zölzer, 2011.

• Book: A Digital Signal Processing Primer with Applications to Digital Audio and Computer
Music, Ken Steiglitz, 1996.

• Online or book: Mathematics of the Discrete Fourier Transform (DFT) with Audio Applica-
tions, Julius O. Smith III. https://ccrma.stanford.edu/~jos/st/

• Online or book: Introduction to Digital Filters with Audio Applications, Julius O. Smith III.
https://ccrma.stanford.edu/~jos/filters/

• Online or book: Spectral Audio Signal Processing, Julius O. Smith III. https://ccrma.

stanford.edu/~jos/sasp/

• Coursera course on Audio Signal Processing: https://www.coursera.org/course/audio

• Online course on Music Information Retrieval (MIR): http://marsyas.cs.uvic.ca/mirBook/
course/

• Ebook on Virgo: Digital Audio Signal Processing, Udo Zölzer, 2008.
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