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Today | will be talking about audio analysis, which is still absent of most game
engines and audio pipelines. And really the goal of this talk is to give you a few
ideas about what you can achieve with audio analysis and hopefully to make
you want to experiment with it on your own.
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When | joined Sony a couple of years ago, my first task was to write a short
report on the technology being used in the studio and what was missing and
could be improved.

So | started identifying a few key areas where we could either improve things
or develop new technologies. Among them were Procedural Audio because
we are moving towards more and more real-time generation and
transformation of assets. There was also Event Modelling which is kind of
related, better mixing technology, better pipeline for Dialogue and because our
group was also working on creative prototypes, audioi based gameplay.

And it quickly became apparent that all these technologies could benefit from
another, which could make them a bit smarter, and this was audio analysis and
it was really the missing link between all of them.




Overview

What is audio analysis
Features you can detect
Putting it together

How it can help you with
Game design
Audio Engines
Sound Tools
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So during the next 40 minutes we will quickly see what kind of features you
can detect and what are the important things to consider while doing so. Then
we will focus on how it can benefit most areas of game development including
the ones | just mentioned, and here | regrouped that into 3 categories: Game
Design, Audio Engines and Sound Tools.




A couple of old friends...

RMS (Root Mean Square)

FFT (Fast Fourier Transform)
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First when you mention audio analysis in the game context, you usually think
about two old friends RMS or root mean Square to detect levels or average
loudness, and FFT plug-ins to track the spectral output, mostly for debugging
purposes. Here you can see two common ways to represent a series of
spectra: the sonogram and the waterfall.




More fun with spectra

Other features based on the spectrum

Spectral Flux, Rolloff, Centroid, Flatness, Kurtosis etc...
Noisiness / inharmonicity / even and odd harmonics

Other ways to detect spectral content
Goertzel algorithm

Constant Q filter banks
Wavelets
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But once you have the spectrum of the signal, you can check for a lot of interesting things:

One of them is the Spectral Flux, which indicates the overall change in spectrum from one
frame to another. This can be used for example to detect transients and note onsets.

Spectral rolloff , spectral centroid, spectral kurtosis or flatness, all describe in a way the shape
of the spectrum: is it symmetrical, skewed, fl at

Once you know the spectrum, you can also check the level of noisiness or inharmonicity of the
sound. When classifying instrument sounds, you can check the distribution of even and odd
harmonics as well.

ltés also interesting to note that FFT is just o
signal. There are alternative methods, depending on what you are trying to achieve.

If you are more interested in a single frequency, then the Goertzel algorithm will be helpful and
quicker. Constant Q filter banks are another way to obtain a spectral representation. Wavelets
will help you deal with the limitations of the FFT (precision in frequency OR time).




SCEE’s AFEX

Low level DSP functions

Middle level : Feature Extraction
Accessible to
programmer

Plug-ins

High level Estimators
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As you can see there are many analysis methods and features to detect. To do
this at SCEE we have developed our own audio analysis library.

It is called AFEX (for Audio Features Extraction) and it is organized in 3 layers:
low level DSP maths, features extraction, and high-level estimators.

The two higher levels are extendable by plug-ins, and the system is oriented
towards game development.




Low level layer

The low-level layer is a math / DSP library:

basic FIR / IIR filters

FFT, Zoom-FFT, Goertzel

windowing functions

correlation / convolution

source / filter separation with LPC
wavelets / constant Q filter bank etc...
MFCC
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Middle layer: Features extraction

The middle layer contains plug-ins that extract typical audio
features from the signal.

loudness

noisiness / harmonicity

spectral centroid, rolloff and slope

time or spectral domain mean, variance, deviation
time or spectral domain peaks etc...

Features are clearly defined characteristics of the signal.
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