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1. Introduction

Anbisonics is a representation format for three-dinmensional sound
fields that can be used for surround sound and imersive virtual -
reality playback. See [fellgett75] and [daniel 04] for technica
details on the Ambisonics format. For the purposes of the this
docunent, Anbi sonics can be considered a nultichannel audio stream

A separate stereo stream can be used al ongsi de the Anmbisonics in a
head-tracked virtual reality experience to provide so-called non-
diegetic audio -- that is, audio that should remai n unchanged by
rotation of the listener’s head, such as narration or stereo nusic.
Qgg is a general - purpose container, supporting audio, video, and
other nedia. It can be used to encapsul ate audi o streans coded using
the Qpus codec. See [RFC6716] and [ RFC7845] for technical details on
the Qpus codec and its encapsulation in the Oyg contai ner,
respectivel y.

Thi s docunent extends the Ogg Cpus format by defining two new channe
mapping fam lies for encodi ng Anbisonics. The Ogg Oous fornmat is
extended indirectly by adding itens with values 2 and 3 to the "Qpus
Channel Mapping Famlies" IANA registry. Wen 2 or 3 are used as the
Channel Mapping Fam |y Nunber in an Ogg stream the senantic meaning
of the channels in the multichannel Qpus streamis one of the

Anmbi soni cs | ayouts defined in this docunent. This mapping can al so
be used in other contexts that nake use of the channel mappi ngs
defined by the "Opus Channel WMapping Families" registry.
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Furthernmore, mapping families 240 through 254 (inclusively) are
reserved for experinmental use

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

3. Anbisonics with Oyg Opus

Anbi soni cs can be encapsul ated in the Ogyg format by encoding with the
Qpus codec and setting the channel mapping famly value to 2 or 3 in
the Ogg identification (1 D) header. A denuxer inplenmentation
encountering channel mapping famly 2 or 3 MIUST interpret the Qpus
stream as contai ning Anbisonics with the format described in Sections
3.1 or 3.2, respectively.

3.1. Channel Mapping Famly 2

Thi s channel mappi ng uses the sane channel napping table format used
by channel mapping famly 1. The output channels are Amnbisonic
conponents ordered in Anmbisonic Channel Nunber (ACN) order (which is
defined in Figure 1) followed by two optional channels of non-
diegetic stereo indexed (left, right). The ternms "order" and
"degree" are defined according to [anbix].

ACN=n* (n + 1) + m
for order n and degree m

Figure 1: Anbisoni c Channel Nunber (ACN)
For the Anbi sonic channels, the ACN conmponent corresponds to channe
index as k = ACN. The reverse correspondence can al so be conputed
for an Anbi sonic channel with index k

order n
degree m

floor(sqgrt(k)),
k- n*(n+1).

Fi gure 2: Ambi sonic Degree and Order from ACN

Note that channel mapping famly 2 allows for so-called m xed-order
Anbi soni ¢ representation, in which only a subset of the ful

Anbi soni ¢ order nunber of channels is encoded. By specifying the
full nunmber in the channel count field, the inactive ACNs can then be
i ndicated in the channel mapping field using the index 255.

Skogl und & Graczyk St andards Track [ Page 3]



RFC 8486 Qpus Anbi soni cs Cct ober 2018

Anbi soni ¢ channels are normalized with Schnidt Sem - Normali zati on
(SN3D). The interpretation of the Anbisonics signal as well as
detailed definitions of ACN channel ordering and SN3D nornalization
are described in [anbix], Section 2.1

3.2. Channel Mpping Fanily 3

In this mapping, C output channels (the channel count) are generated
at the decoder by multiplying K= N + Mdecoded channels with a

desi gnated dem xing matrix, D, having C rows and K colums (C and K
do not have to be equal). Here, N denotes the nunber of streans
encoded, and Mis the nunber of these encoded streams that are
coupl ed to produce two channels. As for channel mapping fanmly 2,
this mapping famly also allows for the encodi ng and decodi ng of

full -order Ambisonics and m xed-order Anbisonics, as well as non-
diegetic stereo channels. Furthernore, it has the added flexibility
of m xing channels. Let X denote a columm vector containing K
decoded channels X1, X2, ..., XK (from N streans), and let S denote a
colunmm vector containing C output streanms S1, S2, ..., SC. Then, S =
D X, as shown in Figure 3.

/ Vo \ \
| s1 | | pi1 D12 ... D1K| | X1 |
| S2 | | D21 D22 K| | X2 |
| oo =] ... ... L] ...
| sC | | bcl D2 DCK | | XK |
\ I\ I\ /

Figure 3: Demixing in Channel Mapping Famly 3

The matrix MJST be provided in the channel napping table part of the
identification header; see Section 5.1.1 of [RFC7845]. The matrix
repl aces the need for a channel mapping field; for channel nmapping
famly 3, the mapping table has the follow ng | ayout:

0 1 2 3
01234567890123456789012345678901
+- - - - - - - -+
| Stream Count
T S el i it o (RIS CEE R R T S I R R R i R S S i i R it o SR

+- - +-
| Coupl ed Count | Dem xing Matrix
+++++++++++++++++++++++++++++++++

Figure 4: Channel Mapping Table for Channel Mapping Famly 3
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The fields in the channel mapping table have the foll ow ng nmeaning:
1. Stream Count "N' (8 bits, unsigned):

This is the total nunmber of streanms encoded in each Ogg packet.
2. Coupled Stream Count "M (8 bits, unsigned):

This is the nunber of the N streans whose decoders are to be
configured to produce two channels (stereo).

3. Demixing Matrix (16*K*C bits, signed):

The coefficients of the dem xing matrix stored in col um-mgj or
order as 16-bit, signed, two’'s conpl ement fixed-point values with
15 fractional bits (QL5), little endian. |f needed, the output
gain field can be used for a nornalization scale. For nixed-
order Anmbi sonic representations, the silent ACN channels are
indicated by all zeros in the corresponding rows of the m xing
matrix. This also allows for m xed order with non-diegetic
stereo as the number of columms inplies the presence of non-

di egeti c channel s.

Note that [ RFC7845] specifies that the identification header cannot
exceed one "page", which is 65,025 octets. This linits the Anbisonic
order, which then MJUST be | ower than 12, if full order is utilized
and the nunber of coded streans is the sane as the Anbisonic order
pl us the two non-diegetic channels. The total output channel nunber,
C, MJUST be set in the third field of the identification header

3.3. Allowed Nunbers of Channels

For both channel mapping famlies 2 and 3, the all owed nunbers of
channels are (1 + n)*2 + 2j for n=0, 1, ..., 14 andj =0 or 1
where n denotes the (highest) Anbisonic order and | denotes whet her
or not there is a separate non-diegetic stereo stream This
corresponds to periphoni c Anbisonics fromzeroth to fourteenth order
plus potentially two channels of non-diegetic stereo. Explicitly,
the all owed nunber of channels are 1, 3, 4, 6, 9, 11, 16, 18, 25, 27,
36, 38, 49, 51, 64, 66, 81, 83, 100, 102, 121, 123, 144, 146, 169,
171, 196, 198, 225, and 227. Note again that if full Anbisonic order
is used and the nunber of coded streans is the sanme as the Anbisonic
order plus the two non-diegetic channels, the order nust then be

| ower than 12, due to the identification header length limt.
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4.

Downmi xi ng

The downmi xing matrices in this section are only exanples known to

gi ve acceptable results for stereo downnm xi ng from Anbi soni cs, but
other mxing strategies will be allowed, e.g., to enphasize a certain
panni ng.

An Ogg Opus player MAY use the matrix in Figure 5 to inplenent
downmi xi ng from mul ti channel files using channel mapping fanmlies 2
and 3 when there is no non-diegetic stereo. The first and second
Anbi soni ¢ channel s are known as "W and "Y", respectively. The
omitted coefficients in the matrix in the figure have the value 0.0.

I \ \
| L] ] 05 0500... ]| W |
| R| =] 0.5-0.50.0 ... | | Y |
SR A I |

\ /

Figure 5: Stereo Downni xi ng Matrix for Channel Mapping Famlies 2 and
3 - Only Anmbi sonic Channel s

The first Anbisonic channel (W is a nmono audio streamthat
represents the average audi o signal over all directions. Since Wis
not directional, Ogg Opus players MAY use Wdirectly for nono

pl ayback.

If a non-diegetic stereo track is present, the player MAY use the
matrix in Figure 6 for downm xing. Ls and Rs denote the two non-
di egetic stereo channel s.

co
owu
co
1o

~—

I

| L] ] 0.25 0.250.0 ... W
| R| =] 0.25-0.25 0.0 ... Y
SR A o
Ls
Rs

— —— e ——— ~
~——

Figure 6: Stereo Downni xing Matrix for Channel Mapping Famlies 2 and
3 - Anbi sonic Channels Plus a Non-Diegetic Stereo Stream
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5. Updates to RFC 7845
5.1. Format of the Channel Mapping Tabl e

The | anguage in Section 5.1.1 of [RFC7845] (copied below) inplies
that the channel mapping table, when present, has a fixed format for
all channel mapping fanilies:

The order and neani ng of these channels are defined by a channe
mappi ng, whi ch consists of the 'channel mapping famly’' octet and,
for channel mapping famlies other than famly 0, a 'channe
mappi ng table’, as illustrated in Figure 3.

Thi s docunent updates [RFC7845] to clarify that the format of the
channel mapping table nmay depend on the channel nmapping famly:

The order and neani ng of these channels are defined by a channe
mappi ng, which consists of the 'channel mapping famly' octet and
for channel mapping famlies other than famly 0, a ’'channe
mappi ng table’.
The format of the channel napping table depends on the channe
mapping fanmly. Unless the channel napping famly requires a
custom format for its channel nmapping table, the RECOMVENDED
channel mapping table format for new mapping famlies is
illustrated in Figure 3.

The change above is not neant to change how famlies 1 and 255

currently work. To ensure that, the first paragraph of

Section 5.1.1.2 is changed from

Al l oned nunmbers of channels: 1...8. Vorbis channel order (see
bel ow) .

to:

Al l oned nunmbers of channels: 1...8, with the mappi ng specified
according to Figure 3. Vorbis channel order (see bel ow).

Simlarly, the first paragraph of Section 5.1.1.3 is changed from
Al'l owed numbers of channels: 1...255. No defined channel meaning.
to:

Al l oned nunbers of channels: 1...255, with the mappi ng specified
according to Figure 3. No defined channel neaning.
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5

6

2.  Unknown Mapping Families

The treatnent of unknown mapping famlies is changed slightly.
Section 5.1.1.4 of [RFC7845] states:

The remai ning channel mapping fanmilies (2...254) are reserved. A
denuxer inplenmentation encountering a reserved ’'channel mapping
famly’ value SHOULD act as though the value is 255.

This is changed to:

The renmai ni ng channel nmapping famlies (2...254) are reserved. A
denuxer inplenmentation encountering a 'channel mapping famly’
value that it does not recognize SHOULD NOT attenpt to decode the
packets and SHOULD NOT use any information except for the first 19
octets of the ID header packet (Figure 2) and the coment header
(Figure 10).

Experimental Mapping Fam lies

To make devel opment of new mapping fam lies easier while reducing the
risk of creating conpatibility issues with non-final versions of
mapping fam lies, mapping fanmlies 240 through 254 (inclusively) are
now reserved for experinents and inpl enentations of in-devel opnent
famlies. Note that these mapping-famly experinents are not
restricted to Anbisonics. Inplenmenters SHOULD attenpt to use
experinental fam |y nunbers that have not recently been used and
SHOULD adverti se what experinental nunbers they use (e.g., for
Internet-Drafts).

The Ambi soni cs mappi ng experiments that led to this docunment used
experinental famly 254 for family 2 and experinmental famly 253 for
famly 3.

Security Considerations

I mpl enent ati ons of the Ogg contai ner need to take appropriate
security considerations into account, as outlined in Section 8 of

[ RFC7845]. The extension defined in this docunent requires that
semanti ¢ neani ng be assigned to nore channels than the existing QOyg
format requires. Since nore allocations will be required to encode
and decode these senantically neani ngful channels, care should be
taken in any new allocation paths. |nplenmentations MJST NOT overrun
their allocated nenory nor read fromuninitialized menory when
managi ng t he Anmbi soni c channel mappi ng.
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8. | ANA Consi derati ons

| ANA has added 17 new assignments to the "Qpus Channel Mapping
Fam lies™a registry.

240- 254

255

9. Ref er ences

---------------------- o m e e e e e e eee oo+
Descri ption | Reference |
---------------------- S
Mono, L/ R stereo Section 5.1.1.1 of [RFC7845],
Section 5 of this docunent
1-8 channel surround Section 5.1.1.2 of [RFC7845],

5
Section 5 of this docunent

I
I
I
I
|
Anbi soni cs as | Section 3.1 of this docunent
i ndi vi dual channels |
I
Anmbi sonics with | Section 3.2 of this docunent
dem xi ng matrix |
I
I
I
I
I

Experi mental use Section 6 of this docunent

Di screte channel s .1.1.3 of [RFC7845],

of this docunent
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