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In addition to its technical merits, Ambisonics fits well into the free software ecosystem: 
based on a rigorous mathematical foundation, it offers excellent introductory documentation, 
a wealth of advanced scientific papers and a number of high-quality open-source implement-
ations. But most importantly, the technology itself is freely available, since all relevant pat-
ents have now expired.
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When tweaking and testing an Ambisonic setup, it is important to know that virtual sources 
are never rendered by only one speaker. In fact, in most home setups, all speakers will con-
tribute to any one virtual point source - those close to the source with in-phase signals of 
varying intensity, those opposite with out-of-phase signals.
The Ambisonic novice might be confused by the fact that meter readings of the speaker 
feeds will provide no useful clues as to the location of a sound, and even the B-format read-
ings take some experience to become useful.

In a properly tuned Ambisonic playback system, the speaker positions are inaudible and vir-
tual sources will sound the same whether they are on or between speakers. This allows for 
perfectly smooth panning without sounds being pinned to speaker locations. The trade-off is 
a slightly less focused and sometimes spectrum-dependent image.

:(��
�	���������	���
���
�	����������������
�����>������������	����
�
������<�����������	��	����/?���
��$���
��
�
�

��
�	���
����������
62��=:..-4���
��
��
�
���
�	������
������������������
���$�������	�)�����������	�>���
�
)���
�����
��������	�	�
��
�����
���
�������
��
���	�������
��
�

:

- 244 -



��� �������	
���

����������������

�������������
���������������������� �

1.3.Near-field effect

Basic Ambisonic recording systems assume that all incoming sounds are plane waves, which 
is equivalent to their distance being infinite.
Naive decoders make the same assumption for the speakers of the reproduction rig.
For real-life sources and speakers, the distances will be finite (often very small) and the ac-
tually recorded and reproduced wave fronts will be curved. Since the X,Y and Z signals and 
all speakers are directional,  this results in a boost of low frequencies. Users of directional 
microphones will recognize this as the proximity or near-field effect.4

If this effect is not compensated for during reconstruction, the resulting sound will contain 
way too much bass. Since the amount and threshold frequency of the boost are a function of 
the order of the system [Dan2006],5 first-order rigs are somewhat forgiving for most materi-
al (the effective gain will be 6 dB/oct with +3 dB at about 50 Hz). However, organ music 
with 32 ft stops and similar material will suffer.
At second or higher order, decodes without near-field compensation will quickly become in-
tolerable.

1.4.Speakers

Successful Ambisonic reconstruction requires precisely matched levels and a uniform phase 
response of all speakers. Therefore, mixing speaker brands or worse yet, entirely different 
construction principles, will almost certainly produce poor results.6

�����
�������
�����
��
$��������	����������	���)��
���	������������0���	���)$��������
��
����
)���
���1���������
����
����	�������
��
��������	�����#��������������	��
�����������������	�	�>��	�
���	��
����������	���		���
�������	$�������
�������>��	���	�
	��
�������<��@����$�������
�=����	���#���
�
��
�	��
������	�	�������
�
������
�����	���
���
	�������
�
���������
����
��	��������
������
��
��2<��=:..A4�
�� �6��	��	�
��
��� ��� �
���	�
$ � 
������������
���� ���
���������
� ��������
 �������	�-� �	�
	����
������������	����	��
�����B�
*�	 � ��
���� � 	����
�$ � �	����� � ��������
 � �� � ������	� � �� � ����	
��
� � %��� � �������� � ���
����������	��$���	�������
����
�����
������
����
���������	�����
�����
��������	�����	����)�
�����	�&���
���6������'����)��
	�����������������������
C�������������&��������
���	��
�������������
��)�2<��=:..A4'���#���	�#����	��
��������

����	��	�����
�	��� �������
�) �������
	�
�
 �������	��
�� �����
��
���$ ���
 �
��)�
����#��
��	������������
����
��
�����
���
�������
����	�����	���)��
������
���������$������
�#�	��
��������
��
������	��
������	���		�
�
�#�	�����		��
��1���
��������$�������
��)��������
	�#����)���		��
�
���
��
���)���
���
����
���
����
���
���
������
	�������������
��������)�����$������������	������
���#�����	������)�

����
	�����������
��

4A good explanation is in [WP2007]. Note that the dominance of the inverse-square law of the amplitude over phase 
differences in that article is equivalent to the waveform curvature mentioned here.
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The audio interface is a Focusrite Saffire Pro 26, which drives six active Tannoy 5a monit-
ors. A Behringer ECM 8000 omni-directional instrumentation microphone is used for meas-
urements. For cross-comparisons, additional IR captures were recorded from a CoreSound 
TetraMic (a tetrahedral microphone array) and two custom-build omnidirectional pressure 
transducers (Esper K4), but as they produced consistent results, only the Behringer signal 
was used for later processing.
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During the calibration phase, Aliki [Adr2006] was used to record and compute the impulse 
responses. The filter kernels were computed by DRC [Sbr2008], and the JAPA analyser 
[Adr2007] provided quick frequency response checks in real time.

3.Speaker setup
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The obtained azimuths were perfect. The distances (measured from the cone of the tweeter) 
lay within 2 cm of a mean of 1,39 m, with the exception of the rear speaker, which had to be 
placed at 1.74 m. Speaker heights were matched to within less than 5 cm, with the tweeters 
slightly higher than ear level in the listening chair.
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After some computation, DRC yielded six filter kernels which were then loaded into the 
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The matching itself was done in the analogue domain, using the speakers' gain controls.
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In  gaming  engines,  Ambisonics  has  recently  gained  some  foothold  for  internal  uses 
[Del2007], and it is to be hoped that it will eventually make its way into the homes of con-
sumers as a playback format.
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