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Step 1: Filterbank (output of 1 frequency band)
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Figure 4 — Step 1: Frequency Filterbank. Algorithm step showing the output of a sample after

passing through the filter (Rice)

Step 2: Windowing and Envelope Extractor

After using the filterbank the signal is transformed using a Hanning Window to clean
up the frequency range and improve signal clarity. Windowing the input signal in the
Time Domain before processing in the Frequency Domain can improve the accuracy

of the resulting signal as shown in Equation 1. Time record samples are weighted by
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converted to the Frequency Domain using the FFT, changing the convolution

operation to a simple multiplication operation.

In Step 2 the Beat Detection Algorithm the Fourier Transform of the signal was
derived, resulting in a power spike at one or more frequencies, according to the
frequency energy. This is multiplied by comb filters of increasing BPM. A Comb Filter
(Equation 5) is used to find tempo maxima. For delay T and gain a the magnitude

response is
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Equation 5 — Magnitude Response

Local maxima are wherever ae /T is near 1 at the Tth roots of unity, expressed in

Equation 6 as
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Equation 6 — Local Maxima Unity

If we stimulate a comb filter with delay T and gain a with a right-sided pulse train of

height A and period k we get reinforcement (resonance) if T=k. Let x; and y; be the

input and output signals at time t and signal a then Equation 7 is written as
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Ve = aye_r + (L-a)x;

Equation 7 — Output Signal

For our purposes, if a comb filter energy response is higher than a previous ‘best fit’
comb filter (when compared to the input sample) we discard the previous result and
keep the new comb filter as our ‘best fit’. This final value is our BPM determination
and the Beat Detection Algorithm is complete. Next is a discussion of implementing

the algorithm in software.
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Chapter 2 - Host Side Software Design

The Scheier BPM Algorithm was implemented on the host using MATLAB scripts. A
group from Rice University developed a related project to detect the BPM from input
files, and the code for this thesis uses core functions to perform the BPM evaluation
(Beat This, Rice University). Due to its solid support of matrix manipulation (useful for
signal processing) MATLAB was chosen for developing the host-side processing of the
Beat Detection Algorithm. MATLAB also offers built in functions for accessing audio
input using computer microphones which was a core goal of this thesis for use in the
PSU Robot Theater. MATLAB also has functions for establishing serial communication
links. The host provides the BPM detection logic and uses MATLAB serial
communication to send the robot controller BPM information for control of the

drumming arms.

In the thesis planning stages the decision was made to develop the host BPM
detection feature separately from the Robot Controller development. This decision
was made in part because the host was developed using MATLAB scripts but the
Orangutan Robot Controller is developed in C code with the Atmel Studio. The major
benefit, however, of separating the host and controller by a serial connection is that
each can be used in a modular ‘black box’ scenario. The Robot Controller is agnostic
to the method used to extract the BPM information from an audio source and only
listens to the coded control byte information provided by the serial input. Similarly,

the host sends the BPM control information over the serial output to the Robot 28



Controller but the control bytes could be used by any end device which is connected.
This allows for the Robot Theater to control the BPM of the Drumming Robot with

any BPM detection method or desired control.

The Beat Detection Algorithm steps are implemented in several corresponding
MATLAB files, with a main script calling the others. This is all wrapped in a user input
script that establishes a serial connection and determines whether the audio source
is from a file or the input will be from the system microphone. In the microphone
input mode the microphone audio input is processed for BPM information, the
control byte sent over the serial connection, and then loops back to repeat these two
steps until the user exits the MATLAB script. In this way the Robot Controller is
continually receiving the most current BPM information available to the microphone.
The byte value of a-z which is sent to the Robot Controller over the serial connection

corresponds to the output of the BPM algorithm.

The MATLAB code describes the user interface for calling the Scheirer BPM Algorithm
functions and calls the BPM functions in MATLAB with the audio data stored in a
matrix. This audio data is passed from function to function in the BPM algorithm until
the output result is an integer value from 60-120. The wrapper code then sends a
control byte of a-z over the serial connection, to be handled by the Robot Controller
(see Chapter 4). Since the BPM range in this thesis is 60-120 inclusive (61 BPM values)
and there are 25 control bytes (a-y, z is only used as a PAUSE command) the
granularity of BPM accuracy is calculated in Equation 8 as
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