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Aims and Objectives

Aim
Create a stereo to B-format up-mix algorithm.

Objectives

- Use conventional, commercial stereophonic audio.

- Use an appropriate source separation method to divide the
audio into constituent parts.

- Compute a horizontal angle (azimuth) of the extracted parts.

- Encode extracted audio into B-format.



A Closer Look At The Formats

Ambisonic

Stereophonic

B - Format

WIxIY]2

Decoder

| Left | Right |

Stereo Format

- Mixed to a predefined setup
- Two channels feed directly to two
speakers

- Mixed to a sound field

- Unknown number of speakers used in
playback (the above is just an example)

- Number of channelsis (n + 1)2, where ‘n’ is
the order of ambisonics used



Ambisonic Channels (up to 3 order

Channel Label
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Algorithm: STFT and Pan Map Creation

Left Channel STFT (180ms Hanning Window - 100Hz to 4kHz)

B daiak
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Frequency Bins

Right Channel STFT (180ms Hanning Window - 100Hz to 4kHz)
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Pan Map Of Test Signal

Time Bins

(Cobos and Lopez, 2008)



Algorithm: Histogram Creation

Left Pan Map

LeftPanMap(k, m) =
PanMap(k, m) if PanMap(k, m) =
0if PanMap(k,m) <0

0.5 0.6 0.7 0.8 0.8

Normalised Pan Level

Right Pan Map

RightPanMap(k,m) =
PanMap(k,m) if PanMap(k,m) < 0
0if PanMap(k,m) > 0

Magnitude (dB)

0.6 0.7 0.8 0.8

Normalised Pan Level




Otsu’s Method

Otsu’s method finds an optimal threshold to divide a grayscale image into a foreground
and a background. Using an extended version of Otsu’s method, the previously found
histograms can be split into several sources by finding multiple optimum thresholds.
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Algorithm: Finding Optimum Thresholds

Inter-class variance:

Total mean:;

Probabillity that a chosen data
point falls within class k :

Class mean:

Probability that a chosen
data point falls within bin n :

Sum of all H values:

M
Ué =5 Z wy (Ug — HT)Z
k=1

necy
e 2 _Pn
k
necCy (U(k)
H(n)
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L
N = ZH(n)
n=1

By varying the locations of the
thresholds, optimum thresholds
are found when o3 is a

maximum

(Otsu,1979)



Source Masks
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Algorithm: Extract Audio Source

Left Channel

Left Channel STFT (180ms Hanning Window - 100Hz to dkHz)

Extracted Audio Source

ISTFT

FRight Channel STFT (180ms Manning Window - 100Hz lo 4kHa)




Algorithm: Azimuth Estimation

By assuming
(constant power
panning)

Left Channel Gain = G, Right Channel Gain = Gy

'x' In Left Channel = xG; ‘x * In Right Channel = xGp

.'X,'GL xGR




Algorithm: Effect of Width Angle

Stereo Image With 4 Sound Sources

Tangent Panning Law
(Constant Power Panning)

:l .
(N s
(A :
:: tan(@) GL_GR |

=3, |
% '
' |

tan(eo) % GL + GR

G — Gg
0 = tan~!| tan (6,) - ————
an (an( 0) GL+GR>

6 = Source Azimuth

8, = Desired Width

Transposed Ambisonic Horizontal Image

(Griesinger, 2002)



Algorithm: B-format Encodin

-- Angle/Elevation Representation

W

X

Y

U

\%

K

0
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sqrt(1/2)
cos(A)cos(E)
sin(A)cos(E)
sin(E)
(1/2)((3sin(E)sin(E)-1)
cos(A)sin(2E)
sin(A)sin(2E)
cos(2A)cos(E)cos(E)
sin(2A)cos(E)cos(E)
(1/2)sin(E)(5sin(E)sin(E)-3)
sqrt(135/256)cos(A)cos(E)(5sin(E)sin(E)-1)
sqrt(135/256)sin(A)cos(E)(5sin(E)sin(E)-1)
sqrt(27/4)cos(2A)sin(E)cos(E)cos(E)
sqrt(27/4)sin(2A)sin(E)cos(E)cos(E)
cos(3A)cos(E)cos(E)cos(E)

sin(3A)cos(E)cos(E)cos(E)
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Angle/Elevation Representation

sqrt(1/2)
cos(A)
sin(A)
0
(1/2)(-1)
0
0
Ccos(2A)
sin(2A)

0
sqrt(135/256)cos(A)(-1)
sqrt(135/256)sin(A)(-1)
0

0

(Blue Ripple Sound, 2015)



Algorithm: Overview

Stage 4 Stage 6

STFT (left)

STFT (right)

Source Map

Furse-Malham

Source Map Equations

(right)

(converting stereo to 1%t order B-format using 2 optimum thresholds)
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Testing: Source Extraction

] A test signal consisting of 3 audio sources

| was created. Using the blind source

] separation technique described previously
] the sources and their respective panning

1 coefficients were extracted using 2, 3 and 4
| optimum thresholds.




Testing: Source Extraction

Number Of Thresholds Used

Original
Source
Time Taken For
9.98
Calculation (s)
Gain (L) 0.9014
Gain (R) 0.4329
Treble
Correlation 0.9621
SNR (dB) 21.07
Gain (L) 0.6956
Gain (R) 0.7185
Extracted
Source Correlation 0.9848

SNR (dB) 20.36
Gain (L) 0.5995

Gain (R) 0.8004

Correlation 0.9882

SNR (dB) 20.38




Testing: Over Extraction

What if there are less sources in the audio than you are trying to extract?

Total Power Of Each Extracted Source Total Power Of Each Extracted Source Total Power Of Each Ex{_iracted Source
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(using 2 thresholds) (using 3 thresholds) (using 4 thresholds)



Testing: Source Movement

A test signal was created panning an audio source from hard-right to hard-left.

Azimuth of Extracted Sources
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Conclusion: Advantages and Disadvantages

Advantages:

The algorithm is capable of converting any
standard commercial stereophonic signal to up to
3'd order B-format.

It is shown that sound sources within the audio are
extracted with a high degree of accuracy and, for
constant power panned sources, their azimuth will
be also be extracted accurately.

The user is able to define the horizontal width of the
outputted signal.

Disadvantages:

When used with a signal with few
sources noise can be picked up as a
source and panned irregularly.

The panning extraction is designed
specifically for constant power
panning; other panning laws will still
work but not as accurately.

No height information is outputted.



Conclusion: Future Work

stereoaToAmbiConvGUI

Stereo To B-format
Converter

Next Steps: - |
Input File: Load File

- Real-time implementation Ao Order

- Listening tests

- Add in height?

- Combine other blind source separation ST e

Horizontal Width:

Select Output Directory Select Directory

methods (allow for diffuse and direct

separation)

Note:

- 'Width' controls how wide the audio is spread horizontally, a value of 270 or higher is recommended
- Convertion of an audio file to the 3rd order should take, roughly,
the length of the audio being converted
(i.e. a 1 minute clip will take 1 minute to convert)
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Contact: haydon.cardew@mqa.co.uk
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