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1. Introduction

The real -tine transport protocol (RTP), which is specified in

[ RFC3550], provides end-to-end network transport functions for
transmtting real-tinme data, but does not define the characteristics
of the data itself (the payload), which varies across applications
and is defined in conpani on RTP payl oad fornmat docunents.

This RTP payl oad format specifies the stream ng of a video signa
encoded as a sequence of JPEG 2000 codestreans (see Section 3 for a
prinmer on the structure of JPEG 2000 codestreans). JPEG 2000 is a
flexible i mge codec that supports resolution and quality
scalability, lossy to | ossless coding, non-iterative optimal rate
control, and high-dynam c range, multi-channel and sub-sanpl ed

i mges. These features have nmade it a mminstay in high-performance
applications, including nedical, geospatial, archival, cinem, studio
post - producti on and TV production

In addition to supporting a variety of frame scanni ng techni ques
(progressive, interlaced and progressive segnmented frane) and inmage
characteristics, the payload format supports real-time inage

transmi ssion (live stream ng), where image content is encoded,
transmtted and decoded continuously as it is being produced and with
m nimal |atency. Target applications include real-tinme TV production
over IP ([ov2110-0]), renote presence, surveillance, etc.

Speci fically:

* the payload format allows sub-codestream | atency such that the
first RTP packet of a given codestreamto be enmtted before the
entire codestreamis available. Specifically, the payl oad format
does not rely on the JPEG 2000 PLM and PLT marker segnents for
recovery after RTP Packet | oss since these markers can only be
witten after the codestreamis conplete and are thus inconpatible
wi th sub-codestream | atency. Instead, the payl oad format includes
payl oad header fields (ORDH, ORDB, PCS and PID) that indicates
whet her the RTP packet contains a resynchronization (resync) point
and how a recipient can restart codestream processing fromthat
resync point. This contrasts with [ RFC5371], which also specifies
an RTP payl oad format for JPEG 2000, but relies on codestream
structures that cannot be emtted until the entire codestreamis
avai | abl e.

* as in [RFC4175], the payload format defines an extended sequence
nunber, which extends the standard (16-bit) sequence number of the
RTP fixed header by storing additional (high-order) bits in the
payl oad header (ESEQ field). This enables the payload format to
acconmodat e high data rates without anbiguity, since the standard
sequence nunber will roll over very quickly for high data rates
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likely to be encountered in this application. For exanple, the
standard sequence nunber will roll over in 0.5 seconds with a

1- Gops video streamw th RTP Packet sizes of at |east 1000 octets,
whi ch can be a problemfor detecting | oss and out-of-order RTP
packets particularly in instances where the round-trip tine is
greater than the roll over period (0.5 seconds in this exanple).

* the payl oad header optionally contains a tenporal offset (PTSTAMP)
relative to the first RTP Packet with the sane val ue of RTP
timestanp field (Section 5.2). The higher resolution of PTSTAW
conpared to the tinmestanp all ows receivers to recover the sender’s
clock nore rapidly.

In addition to support for sub-codestream | atency and hi gh-precision
sender clock recovery, the payload format inproves on [ RFC5371] by
supporti ng:

* code-bl ock caching for screen content (see Section 7.9);

* progressive-segnented frame (PsF) video support (see Appendi x B;
and

* explicit colorspace signaling (see Section 5.3.

Finally, the payload format al so makes use of the unique scalability
features of JPEG 2000 to allow an internmediate systemor recipient to
discard resolutions levels and/or quality layers merely by inspecting
RTP Packet headers (QUAL and RES fields), w thout having to parse the
under | yi ng codestream (see Section 7.2).

2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

In case of conflict between the contents of a figure and the prose,
the prose takes precedence.

3. Media format description

The foll owi ng summari zes the structure of the JPEG 2000 codestream
which is specified in detail at [jpeg2000-1].
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NOTE: as described at Section 6, a JPEG 2000 codestream al | ows
capabilities defined in any part of the JPEG 2000 famly of
standards, including those specified in [jpeg2000-2] and

[j peg2000- 15] .

JPEG 2000 represents an i nage as one or nobre conponents, each

uni formy sampled on a common rectangul ar reference grid. For
exanpl e, an image can consist of the customary Y (luma), C b (bl ue-
difference chroma), and Cr (red-difference chroma) components, wth
the Cb and Cr being sub-sanpled by a factor of two conpared to the
Y conponent.

An i mage can be further divided into contiguous rectangular tiles
that are each independently coded and decoded.

JPEG 2000 codes each inage as a standal one codestream A codestream
consists of (i) marker segnments, which contain coding paraneters and
met adata, and (ii) coded data.

For convenience to the reader, the following lists both the
abbreviated and full names of marker segnents that are nentioned in
this specification (several other marker segnents are defined by JPEG
2000 and can be present in a codestrean:

CAP Extended Capabilities

COC Coding style conponent

COD Coding style default

COM  Conment

ECC End of codestream

PLM Packet |ength, main header

PLT Packet length, tile-part header

SOC Start of codestream

SOD Start of data

SOr Start of tile-part
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The codestream starts with an SOC marker segment and ends with an EOC
mar ker segnent. The mai n header of the codestream consists of marker
segnents between the SOC and first SOT marker segment and contains
information that applies to the codestreamin its entirety. It is
general ly inpossible to decode a codestreamw thout its nain header

The rest of the codestream consists of additional marker segments
(tile-part headers) interleaved with coded i mage dat a.

At the heart of JPEG 2000 coding is the wavel et transform which
deconposes the imge into successive resolution levels, with each

|l evel related to the next one by a spatial factor of two, i.e., each
successive resolution | evel has half the horizontal and half the
vertical resolution of the previous one.

The coded image data ultimately consists of code-bl ocks, each
contai ni ng coded sanpl es belonging to a rectangular (spatial) region
within one resolution | evel of one conponent. Code-blocks are
further collected into precincts, which, accordingly, represents
code- bl ocks belonging to a spatial region within one resolution |eve
of one conponent.

The i mage coded data can be arranged into several progression orders,
whi ch di ctates which aspect of the inmage appears first in the
codestream (in ternms of byte offset). The progression orders are
paraneteri zed according to:

Position (P) The first lines of the imge cone before the last lines
of the inmge.

Conponent (C) The first conmponent of the i mge conmes before the | ast
component of the inmage.

Resol ution Level (R) The information needed to reconstruct the | ower
spatial resolutions of the image cone before the infornmation
needed to reconstruct the higher spatial resolutions of the inmage.

Quality Layer (L) The information needed to reconstruct the nost-
significant bits of each sanple conme before the informtion needed
to reconstruct the least-significant bit of each sanple.

For exanple, in the PRCL progression order, the information needed to
reconstruct the first lines of the inmage cone before that needed to
reconstruct the last lines of the imge and, within a collection of
lines, the information needed to reconstruct the | ower spatia

resol utions of the inage cone before the infornmation needed to
reconstruct the higher spatial resolutions. This progression order
is particular useful for sub-frame | atency operations.
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4.

Vi deo signal description

This RTP payl oad format supports three distinct video frame scanning
t echni ques:

*

Progressive frane

Interlaced frame, where each frane consists of two fields. Field
1 occurs earlier intime than Field 2. The height in lines of
each field is half the height of the inmage.

Progressive segnented frame (PsF), where each frame consists of
two segnents. Segment 1 contains the odd lines (1, 3, 5, 7,...)
of a frame and Segment 2 contains the even lines (2, 4, 6, 8,...)
of the sane frame, where lines fromthe top of the frame to the
bottom of the franme are nunbered sequentially starting at 1.

Al frames are scanned left to right, top to bottom

5.

5. 1.

P

Payl oad For mat

Gener al
——————————————— Codestream (image) -------------->
I
----- Ext ended Header -----> |
| |
----- B S e A AL S o S T T TSI R SR
SCC | | SOT | | SOD| ... | ECC| P | SCC
----- e L e I B o S I T e R I ey
I I
---------- > Mai n header |
|
------------------------------ e B T S e L e
Mai n | Body | ... | Body | Main
------------------------------ R I B S I ey
I
--------- RTP Packet --------->

= (Optional) padding bytes

Fi gure 1: Packetization of a sequence of JPEG 2000 codestreans
(not to scale). See Section 3 for an expansion of the SOC, SCD,
SOT and EQC abbrevi ati ons.

Each RTP packet, as specified at [RFC3550], is either a Main Packet
or a Body Packet.
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A Mai n Packet consists of the follow ng ordered sequence of
structures concatenated wi thout gaps:

* the RTP Fixed Header
* a Main Packet Payl oad Header, as specified at Section 5.3; and
* the payload, which consists of a JPEG 2000 codestream fragnent.

A Body Packet consists of the follow ng ordered sequence of
structures concatenated without gaps:

* the RTP Fi xed Header
* a Body Packet Payl oad Header, as specified at Section 5.4; and
* the payl oad, which consists of a JPEG 2000 codestream fragnent.

When concat enat ed, the sequence of JPEG 2000 codestream fragnments
emtted by the sender MIUST be a sequence of JPEG 2000 codestreans
where two successive JPEG 2000 codestreans MAY be separated by one or
nore paddi ng bytes (see Figure 1).

The sender MJST set the value of each padding byte to zero.
The receiver MJST ignore the values of the paddi ng bytes.
The JPEG 2000 codestreanms MJST conformto Section 6

NOTE 1: Padding bytes can be used to achieve constant bit rate
transm ssi on.

A JPEG 2000 codestream fragnent, and thus an RTP Packet, does not
necessarily contain conplete JPEG 2000 packets, as defined in
[j peg2000-1].

A JPEG 2000 codestream Ext ended Header consists of the bytes between,
and includi ng, the SOC marker and the first SOD narker.

NOTE 2: The concept of JPEG 2000 codestream Extended Header is
specific to this docunent, and is distinct fromthe JPEG 2000
codestream mai n header which is defined in [jpeg2000-1]. The
codestream mai n header consists of the bytes between, and incl uding,
the SOC marker and the first SOI marker. The codestream mai n header
is a subset of the codestream Extended Header (see Figure 1)

The payl oad of a Body Packet MJUST NOT contain any bytes of the JPEG
2000 codestream Ext ended Header
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The payl oad of a Main Packet MJUST contain at |east one byte of the
JPEG 2000 codestream Ext ended Header and MAY contain bytes other than
those of the JPEG 2000 codestream Ext ended Header

A payl oad MJUST NOT contain bytes fromnore than one JPEG 2000
codestream

5.2. RITP Fi xed Header Usage

The foll owi ng RTP header fields have a specific neaning in the
context of this payload fornmat:

mar ker
1 The payl oad contains an EOC narker.

0 Oherw se
ti mestanp
The tinestanp is the presentation tinme of the image to which the
payl oad bel ongs.
The tinmestanp clock rate is 90 kHz.

The tinestanp of successive progressive franes MJST advance at
regul ar increments based on the instantaneous video frame rate.

The tinmestanp of Field 1 of successive interlaced franes MJST
advance at regul ar increnents based on the instantaneous video
frane rate, and the Tinmestanp of Field 2 MJST be offset fromthe
timestanp of Field 1 by one half of the instantaneous frane

peri od.

The tinestanp of both segments of a progressive segnented frane
MUST be equal

tinmestanp of all RTP packets of a given i mage MJST be equal

sequence numnber
The | oworder bits of the extended sequence nunber.

The hi gh-order bits of the extended sequence nunber are contained
in the ESEQ field, which is specified at Section 5. 3.

The extended sequence nunber is calculated as follows:

<ext ended sequence nunber> = <ESEQ fiel d> * 65536 + <sequence
nunmber field of the RTP fixed header>

Lem eux & Taubman Expi res 15 Decenber 2025 [ Page 9]



Internet-Draft

Sub- codestream | at ency J2K over

5.3. Min Packet Payl oad Header

RTP

June 2025

Figure 2 specifies the structure of the payload header. Fields are
interpreted as unsigned binary integers in network order.

0 1 2 3

01234567890123456789012345678901
e T o S S I i S SR S T T T S IR S S A
| MVH | TP | ORDH | P| XTRAC| PTSTAWVP | ESEQ |
e T T T S T S S S St SEp A S S S
| R S| C RSVD |*| PRI VS | TRANS | VAT |
R Nt S
| XTRAB |
!|--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-!|-

* RANCE

Figure 2: Structure of the Min Packet Payl oad Header

IMH (Codestream Mai n Header Presence): 2 bits

0

The RTP Packet is a Body Packet.

The RTP Packet is a Main Packet and the codestream has nore
is a Main Packet.

than one Main Packet. The next RTP Packet

The RTP Packet is a Main Packet and the codestream has nore
is a Body Packet.

than one Main Packet. The next RTP Packet

The RTP Packet is a Main Packet and the codestream has exactly
one Main Packet.

TP (1 mage Type):

3 bits

I ndi cates the scanning structure of the imge to which the payl oad

bel ongs.

0

Progressive frane.

Field 1 of an interlaced franme, where the first

fieldis the first line of the frane.

Lem eux & Taubman
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2
Field 2 of an interlaced franme, where the first |line of the
field is the second |line of the frane.

3
Field 1 of an interlaced frame, where the first line of the
field is the second line of the frane.

4
Field 2 of an interlaced frame, where the first line of the
fieldis the first line of the frane.

5
Segnment 1 of a progressive segnented frame, where the first
line of the image is the first line of the frane.

6
Segnment 2 of a progressive segnented frame, where the first
line of the image is the second line of the frane.

7

Ext ensi on value. See Section 8.6 and Section 7.8.

ORDH (Progression Order [Main Packet]): 3 bits
Speci fies the progression order used by the codestream and whet her
resync points are signal ed.

0
Resync points are not necessarily signaled. The progression
order can vary over the codestream

1
The progression order is LRCP for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nore resync points.

2
The progression order is RLCP for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nobre resync points.

3

The progression order is RPCL for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nore resync points.
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4
The progression order is PCRL for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nobre resync points.

5
The progression order is CPRL for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nore resync points.

6
The progression order is PRCL for the entire codestream The
first resync point is specified in every Body Packet that
contains one or nore resync points.

7

The progression order can vary over the codestream The first
resync point is specified in every Body Packet that contains
one or nore resync points.

ORDH MUST be 0 if the codestream consists of nore than one tile.

NOTE: Only ORDH = 4 and ORDH = 6 al | ow sub-codestream | at ency
st ream ng.

NOTE: Progression order PRCL is defined in [jpeg2000-2]. The
ot her progression orders are specified in [jpeg2000-1].

P (Precision Tinestanp Presence): 1 bit
0
PTSTAMP i s not used.
PTSTAMP i s used.

XTRAC ( Ext ensi on Payl oad Length): 3 bits
Length, in multiples of 4 bytes, of the XTRAB fi el d.

PTSTAWMP (Precision Tinestanp): 12 bits
PTSTAMP = (tinestanp + TOFF) nod 4096, if P =1 in the Miin Packet
of this codestream
TOFF is the transmission time of this RTP Packet, in the timebase
of the tinestanp clock and relative to the first RTP packet with
the sanme tinestanp val ue

TOFF = 0 in the first RTP Packet with the sane tinestanp val ue

Lem eux & Taubman Expi res 15 Decenber 2025 [ Page 12]



I nternet-Draft Sub- codestream | at ency J2K over RTP June 2025

PTSTAMP = 0, if P =0 in the Main Packet of this codestream

NOTE: As described at Section 7.4 and Section 8.1, PTSTAMP is
intended to inprove clock recovery at the receiver and only

appl i es when the transm ssion tine of two consecutive RTP packets
with identical timestanp fields differ by no nore than 45 ns =
4095/ 90, 000. [ RFC5450] addresses the general case when a RTP
packet is transnmitted at a time other than its noni nal

transm ssion timne.

ESEQ ( Ext ended Sequence Nunber Hi gh-Order Bits): 8 bits
The high-order bits of the extended sequence number.

NOTE: The | oworder bits of the extended sequence nunber are
stored in the sequence nunber field of the RTP fixed header.

Section 5.2 specifies the formula to conpute the extended sequence
nunber .

R (Codestream Mai n Header Reuse): 1 bit
Det er mi nes whet her Mai n Packet and codestream mai n header
informati on can be reused across codestreans.

1

Al Main Packets in this stream as identified by the val ue of

the SSRC field in the RTP Fi xed Header:

* MJST have identical Main Packet Payl oad Headers, with the
exception of their TP, MH, ESEQ and PTSTAMP fi el ds;

* MJST contain the same codestream mai n header information,
with the exception of the SOI and COM mar ker segnments, and
any poi nter marker segnents; and

*  MJST NOT contain bytes other than Extended Header bytes.

0

O herw se

S (Paraneterized Col orspace Presence): 1 bit

0
Conponent colorinmetry is not specified, and left to the session
or the application.
PRI M5, TRANS and MAT and RANGE MUST be zero.

1
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Conponent colorinmetry is specified by the PRIMS, TRANS and MAT
and RANGE fi el ds.

The codestream conponents MJST conformto one of the
conbi nations at Table 1.

. Sfmfems e e e e e
| Conbi nati on nane | Component i ndex |
| +o===4 o4 =4 ===+
I o |1 |2 | 3]
[ e ey plp——_— plp—j——— —pp—p—j—" pbj—t— o
| Y Y | I I
[ st TSI PR +----- +---+
| YA LY | A | (.
. e ety CIRRPRREPRE T +- - - - - +-- -+
| RGB | R 1 G | B | |
R ety ISR TSR +- - - - - +---+
| RGBA | R | G | B | A
B ety RPN ISR Fe - - - +- - -+
| YCbCr | Y | CB|] CR| |
. e ety CIRRPRREPRE T +- - - - - +-- -+
| YCbCrA | Y | CB| CR| A]
R ety ISR TSR +- - - - - +---+
The channel A is an opacity channel. The m ni num |

I
| sanple value (0) indicates a conpletely transparent |
| sanple, and the nmaxi mum sanpl e val ue (as determ ned by |
| the bit depth of the codestream conponent) indicates a

| conpletely opaque sanple. The opacity channel MJST |
| map to a conponent with unsigned sanpl es. |

Table 1: Mappi ng of codestream components to col or
channel s
C (Code-bl ock Caching Usage): 1 bit

0
Code- bl ock caching is not in use.

Code- bl ock caching is in use.

R MUST be equal to 1.

RSVD (Reserved): 4 bits
Unassi gned value. See Section 8.5 and Section 7.7.

RANGE (Video Full Range Usage): 1 bit
Val ue of the VideoFul | RangeFl ag specified in [rec-itu-t-h273]
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5.

4.

PRIMS (Color Prinmaries): 8 bits
One of the Col ourPrimaries values specified in [rec-itu-t-h273]

TRANS (Transfer Characteristics): 8 hits
One of the TransferCharacteristics values specified in
[rec-itu-t-h273]

MAT (Col or Matrix Coefficients): 8 bits
One of the MatrixCoefficients values specified in [rec-itu-t-h273]

XTRAB ( Ext ensi on Payl oad): variabl e
Al'lows the contents of the Main Packet Payl oad Header to be
extended in the future. The size of the field is determ ned by
Section 5.3. See also Section 8.4 and Section 7.6.

Body Packet Payl oad Header

Figure 3 specifies the structure of the Body Packet Payl oad Header
Fields are interpreted as unsigned binary integers in network order

0 1 2 3
01234567890123456789012345678901

R e s T o T S R El ok i R e e S S e o o s
|[MH| TP |RES |*| QUAL | PTSTAMP | ESEQ |
R e o T T e S S T ol S i T S s ik i I S I S S R S R
| PCs | PI D |
B i s T T i i o S o T Ji I
* ORDB
Figure 3: Structure of the Body Packet Payl oad Header
VH
See Section 5. 3.
TP

See Section 5. 3.

RES (Resolution Levels): 3 bits
0
The payl oad can contribute to all resolution |evels.

O herw se
The payl oad contains at |east one byte of one JPEG 2000 packet
bel onging to resolution level (N L + RES - 7) but does not
contain any byte of any JPEG 2000 packet belonging to | ower
resolution levels. NL is the nunber of deconposition |evels
of the codestream
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ORDB (Progression Order [Body Packet]): 1 bit
° No resync point is specified for the payl oad.
The payl oad contains a resync point.
ORDB MUST be 0 is the codestream consists of nore than one tile.
QUAL (Quality Layers): 3 bits
° The payl oad can contribute to all quality |ayers
O herw se
The payl oad contributes only to quality |ayer index QUAL or

above.

PTSTAMP
See Section 5. 3.

ESEQ
See Section 5. 3.

PCS (Resync Point Ofset): 12 bits
Byte offset fromthe start of the payload to the first byte of the
resync point belonging to the precinct identified by PID
POS MUST be 0 if ORDB = 0.

PID (Precinct ldentifier): 20 bits
Uni que identifier of the precinct of the resync point.

PID = ¢ + s * num_conponents
wher e:

* c¢_is the index (starting fromQ0) of the inmage conponent to
whi ch the precinct bel ongs;

* s is a sequence nunber which identifies the precinct within
its tile-conmponent; and

* _num.conmponents_ is the nunber of conponents of the codestream

If PIDis present, the payload MJST NOT contai n codestream bytes
fromnore than one precinct.

PID MUST be 0 if ORDB = O.
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6

7

7

NOTE: PIDis identical to precinct identifier | specified in
[j peg2000-9].

JPEG 2000 codestream

A JPEG 2000 codestream consists of the bytes between, and incl uding,
the SOC and ECC narkers, as defined in [jpeg2000-1].

The JPEG 2000 codestream MAY include capabilities beyond those
specified at []jpeg2000-1], including those specified in [jpeg2000-2]
and [j peg2000-15].

NOTE: The Rsiz paranmeter and CAP marker segments of each JPEG 2000
codestream contain detailed informati on on the capabilities necessary
to decode the codestream

NOTE: The caps nedia type paraneter defined in Section 9.2 allows
applications to signal required device capabilities

NOTE: The bl ock coder specified at [jpeg2000-15] inproves throughput
and reduces | atency conpared to the original arithmetic bl ock coder
defined in [jpeg2000-1].

For interlaced or progressive segnented franmes, the height specified
in the JPEG 2000 mai n header MJST be the height in lines of the field
or the segment, respectively.

I f any deconposition |evel involves only horizontal deconposition
then no deconposition | evel MJST involve only vertical deconposition;
and, conversely, if any deconposition |evel involves only vertica
deconposition then no deconposition | evel MJST involve only

hori zontal deconposition

Sender
1. Main Packet

A Main Packet MAY contain zero or nore bytes of the JPEG 2000
codestream Ext ended Header.

The sender MUST either emit a single Main Packet with WMH = 3, or one
or more Main Packets with WMH =1 followed by a single Miin Packet
with VH = 2.

The Main Packet Payl oad Headers fields MJST be identical in all Miin
Packet of a given codestream wi th the exception of:

* VH;
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*  ESEQ and
*  PTSTAMP
7.2. RTP Packet filtering

An internmedi ate system MAY strip out RTP Packet from a codestream
that are of no interest to a particular client, e.g., based on a
resolution or a spatial region of interest.

7.3. Resync point

A resync point is the first byte of JPEG 2000 packet header data for
a precinct and for which PID < 2724.

NOTE: Resync poi nts cannot be specified if the codestream consists of
nmore than one tile (ORDB and ORDH are both equal to zero).

NOTE: A resync point can be used by a receiver to process a
codestream even if earlier RTP packets in the codestream have been
corrupted, lost or deliberately discarded by an internedi ate system
As a corollary, resync points can be used by an internediate system
to discard RTP packets that are not relevant to a given rendering
resolution or region of interest. Resync points play a role sinilar
to pointer nmarker segnents, albeit tailored for high bandw dth | ow

| at ency stream ng applications.

7.4. PTSTAW field

A sender SHOULD set P =1, but only if it can generate PTSTAMW
accurately.

PTSTAMP can be derived fromthe sanme clock that is used to produce
the 32-bit tinestanp field in the RTP fixed header. Specifically, a
sender mmintains, at |east conceptually, a 32-bit counter that is
incremented by a 90kHz clock. The counter is sanpled at the point in
ti me when each RTP Packet is transnmitted and the 12 LSBs of the
sample are stored in the PTSTAWP field.

If P=1, then the transmssion tine TOFF (as defined at Section 5.3)
for two consecutive RTP packets with identical tinestanp fields MJST
NOT differ by nore than 4095.

7.5. RES field

A sender SHOULD set RES > 0 whenever possible.
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NOTE: Wiile a sender can always safely set RES = 0, this nakes it
more difficult to discard RTP packets based on resol ution, as
descri bed at Section 8. 3.

7.6. Extra information
The sender MUST set the value of XTRAC to O.
Future updates to this RTP payload format can permt other val ues.
7.7. Unassigned val ues
The sender MUST set unassi ghed values to O.
Unassi gned val ues are avail able for assignment by future updates to
this RTP payload format. As specified at Section 8.5 these future
assigned val ues are ignored by receivers that conformto this
specification. |In contrast with extension values (Section 7.8, this
mechani sm al |l ows updates to this RTP payload format that remain
compatible with receivers that conformto this specification
7.8. Extension val ues
A sender MUST NOT use an extension val ue.
7.9. Code-bl ock caching
This section applies only if C = 1.
A sender can inprove bandwi dth efficiency by only occasionally
transmtting code-bl ocks corresponding to static portions of the
vi deo and otherw se transmitting enpty code-bl ocks. Wen C =1, and
as described at Section 8.7, a receiver maintains a sinple cache of
previously received code-bl ocks, which it uses to replace enpty code-
bl ocks.

A sender al one deternines which and when code-bl ocks are repl aced
with enpty code- bl ocks.

The sender cannot however determine with certainty the state of the
receiver’'s cache: sone code-bl ocks m ght have been lost in transit,

the sender doesn’t know exactly when the receiver started processing
the stream etc.

A code-block is _enpty_if:

* it does not contribute code-bytes as specified in the parent JPEG
2000 packet header; or
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* if the code-block confornms to [jpeg2000-15], contains an HT
cl eanup segnent and the first two bytes of the Magsgn byte-stream
are between OxFF80 and OxFF8F.

NOTE: the last condition allows the encoder to insert padding bytes
to achieve a constant bit rate even when a code-bl ock does not
contribute code-bytes, as suggested at []jpeg2000-15], F.4.

8. Receiver

8.1. PTSTAWP

Recei vers can use PTSTAMP val ues to accel erate sender clock recovery
since PTSTAMP typically updates nore regularly than timestanp.

8.2. QUAL
A receiver can discard RTP packets where QUAL > Nif it is interested
in reconstructing an imge that only incorporates quality layers N
and bel ow.

8.3. RES

The JPEG 2000 codi ng process deconposes an inmage using a sequence of
di screte wavel et transforns (DW) stages.
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B ooy s, sl et et o}
| Decomposition | Resolution | Sub-bands | Keep all | . to |
| level | level | | Body | decode an |
| | | | Packets | image with

| | | | with RES | at nost |
| | | | equal to | these |
| | | | or less | dimensions

I I I | than I I
I I I | this I I
I I I | value I I
N ettty e el el et ety ey
| 1 5 | HL1, LH1, HH1 | 7 | Wx H |
I I T I I i I I +
| 2 | 4 | HL2, LH2, HH2 | 6 | (W2) x |
I I I I | (H2) I
i I I i i i F-- - - - I i +
| 3 | 3 | HL3,LH3,HH3 | 5 | (W4) x |
I I I I | (H4) I
I I T I I i I I +
| 4 | 2 | HL4,LH4A,HH4 | 4 | (W8) x |
I I I I | (H8) I
i I I i i i F-- - - - I i +
| 5 | 1 | HL5,LH5, HH5 | 3 | (W16) x |
I I I I | (H16) I
I I T I I i I I +
| 5 | 0 | LL5 | 2 | (W32) x |
I I I I | (H32) I
i I I i i i F-- - - - I i +

Tabl e 2: Optional discarding of Body Packets based on the val ue
of the RES field when decoding a reduced resolution inage, in the
case where NL =5 and all DW stages consist of both horizonta
and vertical transfornms. The image has nominal w dth and hei ght
of Wx H.

Table 2 illustrates the case where each DWI' stage consists of both
hori zontal and vertical transforms, which is the only node supported
in [jpeg2000-1]. The first stage transforns the image into (i) the

i mge at half-resolution (LL1 sub-bands) and (ii) residual high-
frequency data (HH1, LH1, HL1 sub-bands). The second stage
transforns the inage at hal f-resolution (LL1 sub-bands) into the

i mge at quarter resolution (LL2 sub-bands) and residual high-
frequency data (HH2, LH2, HL2 sub-bands). This process is repeated

N L times, where N L is the nunber of deconposition |evels as defined
in the COD and COC mar ker segments of the codestream
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The decodi ng process reconstructs the image by reversing the coding
process, starting with the |owest resolution inage stored in the
codestream (LL_(N_L)).

As aresult, it is possible to reconstruct a | ower resolution of the
i mge by stopping the decoding process at a sel ected stage. For
exanple, in order to reconstruct the inage at quarter resol ution
(LL2), only sub-bands with index greater than 2, e.g., HL3, LH3, HHS3,
HL4, LH4, HH4, etc., are necessary. In other words, a receiver that
wi shes to reconstruct an inmage at quarter resolution could discard
all RTP packets where RES >= 6 since those RTP packets can only
contribute to HL1, LH1, HH1, HL2, LH2 and HH2 sub-bands.

In the case where all DW stages consist of both horizontal and

vertical transforms, the maxi num decodabl e resolution is reduced by a
factor of 2°(7 - N) if all Body Packets where RES > N are di scarded.
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B ooy s, sl et et o}
| Decomposition | Resolution | Sub-bands | Keep all | . to |
| level | level | | Body | decode an |
| | | | Packets | image with

| | | | with RES | at nost |
| | | | equal to | these |
| | | | or less | dimensions

I I I | than I I
I I I | this I I
I I I | value I I
N ettty e el el et ety ey
| 1 5 | HL1, LH1, HH1 | 7 | Wx H |
I I T I I i I I +
| 2 | 4 | HL2, LH2, HH2 | 6 | (W2) x |
I I I I | (H2) I
i I I i i i F-- - - - I i +
| 3 | 3 | HX3 | 5 | (W4) x I
I I I I | (H2) I
I I T I I i I I +
| 4 | 2 | Hx4 | 4 | (W8) x I
I I I I | (H2) I
i I I i i i F-- - - - I i +
| 5 | 1 | HX5 | 3 | (W16) x |
I I I I | (H2) I
I I T I I i I I +
| 5 | 0 | LX5 | 2 | (W32) x |
I I I I | (H2) I
i I I i i i F-- - - - I i +

Tabl e 3: Optional discarding of Body Packets based on the val ue
of the RES field when decoding a reduced resolution inage, in the
case where N.L = 5 and sone DW stages consist of only horizonta

transforns. The image has nom nal width and hei ght of Wx H

Table 3 illustrates the case where some DWI stages consist of only
hori zontal transfornms, as specified at Annex F of []peg2000-2].

A receiver can therefore discard all Body Packets where RES is
greater than some threshold value if it is interested in decoding an
imge with its resolution reduced by a factor determ ned by the
threshol d value, as illustrated in Table 2 and Table 3.

8.4. Extra information

The recei ver MJST accept val ues XTRAC other than 0 and MJST ignore
the val ue of XTRAB, whose length is given by XTRAC
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Future updates to this RTP payl oad format can specify XTRAB contents
such that this content can be ignored by receivers that conformto
this specification.

8.5. Unassi gned val ues

The recei ver MJST ignore unassigned val ues (see additional discussion
at Section 7.7).

8.6. Extension val ues

The receiver MJST discard an RTP packet that contains any extension
val ue.

8.7. Code-bl ock caching
This section applies only if C = 1.

Wien C = 1, and as specified in Section 7.9, the sender can inprove
bandwi dth efficiency by only occasionally transmtting code-bl ocks
corresponding to static portions of the video and ot herw se
transmtting enpty code-bl ocks, as defined at Section 7.9.

When decodi ng a codestream and for each code-block in the
codestream

* if the code-block in the codestreamis enpty, the receiver MJST
replace it with a matching code-block fromthe cache, if one
exists; or

* if the code-block in the codestreamis not enpty, the receiver
MUST repl ace any mat chi ng code-bl ock fromthe cache with the code-
bl ock in the codestream

Two code-bl ocks are _matching_ if the followi ng characteristics are

i dentical for both: spatial coordinates, resolution | evel, conponent,

sub-band and val ue of the TP field of the parent RTP packet.

9. Media Type
9.1. Cenera
This RTP payload format is identified using the nedia type defined at

Section 9.2, which is registered in accordance with [ RFC4855] and
using the tenplate of [ RFC6838].
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9. 2. Definition

Type name
vi deo

Subt ype nane
j peg2000- scl

Requi red paraneters
None

Optional paraneters
pi xel
Specifies the pixel format used by the video sequence.

The paranmeter MUST be a URI-reference as specified in
[ RFC3986] .

If the parameter is a relative-ref as specified in [ RFC3986],
then it MJUST be equal to one of the pixel formats specified in
Table 4 and the RTP header and payl oad MJUST conformw th the
characteristics of that pixel format.

If the parameter is not a relative-ref, the specification of
the pixel format is left to the application that defined the
URI .

If the parameter is not specified, the pixel format is
unspeci fi ed.

sampl e
Specifies the format of the sanples in each conponent of the
codestream

The paraneter MJST be a URI-reference as specified in
[ RFC3986] .

If the parameter is a relative-ref as specified in [ RFC3986],
then it MJST be equal to one of the formats specified in
Appendi x C and the stream MJUST conformwith the characteristics
of that format.

If the parameter is not a relative-ref, the specification of
the sanple format is left to the application that defined the
URI .

If the parameter is not specified, the sanple format is
unspeci fi ed.
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wi dt h

hei

Maxi mum wi dth in pixels of each imge. |nteger between 0 and
4,294,967, 295.

The paraneter MJUST be a sequence of 1 or nore digits.

If the paraneter is not specified, the maxinumw dth is
unspeci fi ed.

ght
Maxi mum hei ght in pixels of each inage. |Integer between 0 and
4,294, 967, 295.

The paranmeter MJUST be a sequence of 1 or nore digits.

If the parameter is not specified, the nmaxi mum height is
unspeci fi ed.

si gnal

Speci fies the sequence of inmage types.

The paranmeter MUST be a URI-reference as specified in
[ RFC3986] .

If the parameter is a relative-ref as specified in [ RFC3986],
then it MJUST be equal to one of the signal formats specified in
Appendi x B and the inmage sequence MJST conformto that signa

f ormat.

If the parameter is not a relative-ref, the specification of
the pixel format is left to the application that defined the
URI .

If the parameter is not specified, the stream consists of an
arbitrary sequence of inage types.

caps

The paranmeter contains a list of sets of constraints to which
the stream conforms, with each set of constraints identified
usi ng an absol ute-URI defined by an application.

The paranmeter MJST conformto the uri-list syntax expressed
usi ng ABNF ([ RFC5234]):

uri-list = absolute-URl *(";" absol ute-URl)
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The application that defines the absol ute-UR MJST ensure that
it does not contain any ";" character and MJST associate it
with a set of constraints to which the streamconfornms. Such
constraints can, for exanple, include the maxi num hei ght and

wi dt h of i mages.

If the parameter is not specified, constraints, beyond those
specified in this docunent, are unspecified.

cache
The val ue of the paranmeter MJUST be either false or true.

If the parameter is true, the field C MAY be 0 or 1; otherw se
the field C MUST be O.

If the parameter is not specified, then the paraneter is equa
to fal se.

Encodi ng consi derati ons
This nmedia type is franed and binary, see Section 4.8 of
[ RFC6838] .

Security considerations
JPEG 2000 is a flexible image format. As a result, the size of
the menory structures required to process JPEG 2000 i mages can
vary greatly depending on the characteristics of the image and the
encodi ng paraneters. For exanple, the JPEG 2000 syntax all ows
i mage height and width up to 2732 - 1 pixels, which is also
captured in the syntax of the height and wi dth paraneters of the
medi a type specified at Section 9.2. Inplenentations SHOULD
therefore take care when processing input that influences the size
of menory structures, and SHOULD fail gracefully when resource
constraints are exceeded.

See al so Section 13.
Interoperability considerations
The RTP streamis a sequence of JPEG 2000 i nages. An
i npl ementation that conforms to the famly of JPEG 2000 standards
can decode and attenpt to display each inmage

Publ i shed specification
Thi s docunent

Applications that use this nmedia type
vi deo stream ng and commruni cati on
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10.

11.

Person and enmmni|l address to contact for further information
Pi erre- Ant hony Lem eux <pal @andfl ow. conp

I nt ended usage
COMMVON

Restrictions on Usage
This nmedi a type depends on RTP fram ng, and hence is only defined
for use with RTP as specified at [RFC3550]. Transport within
other fram ng protocols is not defined at the tine.

Aut hor
Pi erre- Ant hony Lem eux (mailto: pal @andfl ow. com

Change control |l er
| ETF

Mappi ng to the Session Description Protocol (SDP)

The mappi ng of the payload format nmedia type and its parameters to
SDP, as specified in [ RFC8866] MJST be done according to Section 3 of
[ RFC4855] .

Congestion contro

Since this RTP payl oad format can be used in a variety of
applications across many different contexts, there is no single
congestion control nechanismthat will work for all. Belowis a non-
exhaustive list of exanple nechanisns that can be used:

* a sender can offer several alternative streans for a given video
signal, each with a different data rate corresponding to a
different conpression ratio;

* a sender can nodul ate the data rate within a stream by nodul ati ng
the resolution, frame rate, or conpression ratio of the underlying
vi deo signal; or

* an internediate systemcan |ower the data rate of a stream by
di scarding resolutions |levels and/or quality layers, as specified
at Section 7.2.

As suggested at Section 10 of [RFC3550] RTCP feedback can be used in
the data rate adaptation process.
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12.

13.

14.

14.

| ANA Consi der ati ons

This meno requests that [ ANA registers the nedia type specified at
Section 9.

Security considerations

RTP packets using the payload format specified in this docunment are
subject to the security considerations discussed in [ RFC3550] , and
in any applicable RTP profile such as [ RFC3551], [ RFC4585],

[ RFC3711], [RFC5124]. However, as [RFC7202] discusses, it is not an
RTP payl oad format’s responsibility to discuss or mandate what
solutions are used to neet the basic security goals like
confidentiality, integrity, and source authenticity for RTP in
general. This responsibility |ays on anyone using RTP in an
application. They can find guidance on avail able security mechani sns
and i nportant considerations in [RFC7201]. Applications SHOULD use
one or nore appropriate strong security nechanisns. The rest of this
Security Considerations section discusses the security inpacting
properties of the payload format itself.

This RTP payload format and its nedia decoder do not exhibit any
significant non-uniformty in the receiver-side conputationa
complexity for RTP Packet processing, and thus are unlikely to pose a
deni al -of -service threat due to the receipt of pathol ogical data.

Nor does the RTP payload format contain any active content.

Security considerations related to the JPEG 2000 codestream cont ai ned
in the payl oad are discussed at Section 3 of [RFC3745].
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Appendi x A.  Pixel formats

Tabl e 4 defines pixel formats.

B i el et Cfmsfes e fem ety Ll Clejefe il sl el e fums ey o
| NAMVE | SAMP | COWS | TRANS | PRIMS | MAT| VFR | Mapping |
I I I I I | | in

I I I I I I | Table 1 |
B e s el S el bl -l pe e pjep L p gt Sy Sl p e e pje e pe g
| rgb444sdr | 4:4:4 ] R&B | 1 | 1 |0 | 0, | RGB |
I I I I I 1 I
i i +------- +------- +------- +------- +- -t - - - +---- - - - +
| rgb444wcg | 4:4:4 | R&B | 1 | 9 |0 | 0, | RGB |
I I I I I (I I
I i +----- - +----- - +----- - +----- - I Fo-m e - - +
| rgb444pq | 4:4:4 | RGB | 16 | 9 |0 | 0, | RGB |
I I I I 1 I
i i +------- +------- +------- +------- +- -t - - - +---- - - - +
| rgb444hlg | 4:4:4 | R&B | 18 | 9 |0 | 0, | RGB |
I I I I (I I
I i +----- - +----- - +----- - +----- - I Fo-m e - - +
| ycbcr420sdr | 4:2:0 | YChCr | 1 | 1 |2 | O | YCbCr |
F-- - - - - - +------- +------- +------- +------- +-- -t - - - F---- - - - +
| ycbcr422sdr | 4:2:2 | YChOr | 1 | 1 |1 ] 0 | YOO |
L i +------- +------- +------- +------- I L +
| ycbcrd422weg | 4:2:2 | YCOhOr | 1 | 9 |9 | O | YCbCr |
I i +----- - +----- - +----- - +----- - I Fo-m e - - +
| ycbcrd22pg | 4:2:2 | YCbCr | 16 | 9 |9 | O | YCbCr |
F-- - - - - - +------- +------- +------- +------- +-- -t - - - F---- - - - +
| ycbcr422hlg | 4:2:2 | YChCr | 18 | 9 |9 | 0 | YChO |
L i +------- +------- +------- +------- I L +

Table 4: Defined pixel formats
Each pi xel format is characterized by the foll ow ng:

NAVE
Identifies the pixel format

SAMP
4:2:0 The Cb and Cr color channels are subsanpl ed horizontally
and vertically by 1/2.

4:2:2 The Cb and Cr color channels are subsanpl ed horizontally
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by 1/ 2.
4:4:4 No color channels are sub-sanpl ed.

COWPS
RGB Each codestream contains exactly three conponents, associated
with the R G and B color channels, in order.

YCbCr Each codestream contains exactly three conponents,
associated with the Y, Cb and Cr color channels, in order.

TRANS
Identifies the transfer characteristics allowed by the pixe
format, as defined at [rec-itu-t-h273]

PRI M5
Identifies the color primaries allowed by the pixel format, as
defined at [rec-itu-t-h273]

MAT
ldentifies the matrix coefficients allowed by the pixel format, as
defined at [rec-itu-t-h273]

VFR
Al'l ows val ues of the VideoFul | RangeFl ag defi ned at
[rec-itu-t-h273]

Appendi x B. Signal formats

prog
The stream MUST only consist of a sequence of progressive franes.

psf
Progressive segnented frame (PsF) stream The stream MJUST only
consi st of an alternating sequence of first segnment and second
segnent .

tff
Interlaced stream The stream MJUST only consist of an alternating
sequence of first field and second field, where the first line of
the first field is the first line of the frane.

bf f
Interlaced stream The stream MJUST only consist of an alternating
sequence of first field and second field, where the first line of
the first field is the second Iine of the frane.
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Appendi x C. Sanple formats

8

Al'l conponents consist of unsigned 8-bit integer sanples.

10

RTP

June 2025

Al'l conponents consist of unsigned 10-bit integer sanples.

12

Al'l conponents consist of unsigned 12-bit integer sanples.

16

Al'l conponents consist of unsigned 16-bit integer sanples.
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