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RTP Payl oad Format for JPEG 2000 Video Streans
Status of This Meno

Thi s docunment specifies an Internet standards track protocol for the
Internet conmunity, and requests di scussion and suggestions for

i nprovenents. Please refer to the current edition of the "Internet
O ficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this meno is unlimnited.

Abstract

This nenp describes an RTP payload format for the 1SQ IEC
International Standard 15444-1 | ITU- T Rec. T.800, better known as
JPEG 2000. JPEG 2000 features are considered in the design of this
payl oad format. JPEG 2000 is a truly scal abl e conpressi on technol ogy
al l owi ng applications to encode once and decode many different ways.
The JPEG 2000 video streamis formed by extending froma single inmge
to a series of JPEG 2000 i nmages.

Futemma, et al. St andards Track [ Page 1]



RFC 5371

JPEG 2000 RTP Payl oad For mat Cct ober

Tabl e of Contents

1. | ntroduction . . .

Conventi ons Used in Th| S Documsnt
2. JPEG 2000 Video Features .

3. Payl oad Design .
4

1.1

4. 2.

7.1.
7. 2.
7.

7

. Payl oad For mat
4. 1.

RTP Fi xed Header Usage .

RTP Payl oad Header For mat

5. RTP Packeti zation .

6. Media Type Registration

7. SDP Paraneters . .o

SDP Mapping . .

Usage with the SDP O‘fer/Ansvver I\/bdel

2. 1.
2. 2.

Exanples . . .
Exanpl es: Non- 90kHz T| rrest arrp

8. | ANA Consi derations

9. Security Considerations
10. Congestion Control

11. References .

11.1.
11. 2.

Appendi x A.
Recommended Practices .
Sanpl e Headers in Detail

A 1.
A 2.

Fut enma,

> >»> >

N

.1

2.
3.

NEN

N
e

et al.

Nor mat i ve Ref erences .
I nformati ve References .

I nformative Appendi X

Sanpl e 1: Progressive | rrage Wi t h Sl ngl e TP e, 3500
Bytes (i.e., thunmbnail) . . . . . . . . . . . . .
Sanple 2: Inmage with 4 Tiles . . . :
Sanpl e 3: Packing Miltiple T|Ie3|n Slngle

Payl oad, Fragnented Header :

Sanpl e 4: Interlace | mge, Slngle T|Ie.

2008

St andards Track [ Page 2]



RFC 5371 JPEG 2000 RTP Payl oad For mat Cct ober 2008

1.

| nt roducti on

Thi s docunent specifies a payload format for JPEG 2000 vi deo streans
over the Real-tine Transport Protocol (RTP). JPEG 2000 is an ISQIEC
International Standard and | TU-T Reconmendation (ISO I EC

International Standard 15444-1 | ITU-T Rec. T.800) devel oped for

next - generation, still-imge conpression. JPEG stands for the Joint
Phot ogr aphers Experts Group, an international group nade of academ a
and i ndustry to devel op i mage conpressi on standards. JPEG 2000 basic
conpression technology is defined in detail in | SO JPEG 2000 Part 1:
Core Codi ng System [ JPEG2000Pt 1], with notion defined in | SO JPEG
2000 Part 3: Mdtion JPEG 2000 [ JPEG2000Pt _3].

Part 3 of the JPEG 2000 standard defines Mtion JPEG 2000

[ JPEG2000Pt _3]. However, Motion JPEG 2000 defines a file format, not
a transm ssion fornmat for the network. This docunent specifies a
transnission format for the network for a series of JPEG 2000 i nmages.

JPEG 2000 supports many powerful features [JPE&OOOPt 1]
[ JPEG2000Pt _3] that are not supported in the current JPEG standard,
such as:

o Higher conpression efficiency than JPEG with | ess visual
di stortion especially at extreme conpression ratios.

0 A single codestreamthat offers both | ossy and | ossless
conpr essi on.

0 Better error resiliency than JPEG

0 Progressive transm ssion by pixel accuracy (Signal-to-Noise Ratio
(SNR) scalability) and resolution (resolution scalability).

0o Random codestream access and processing.
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The JPEG 2000 algorithmis briefly explained. Figure 1 shows a bl ock
di agram of the JPEG 2000 encodi ng mnet hod.

+----- +
| RO |
+----- +
I
Vv
S + o mee e oo S R S +
| DC, conp. | | Wavelet | | |
Raw | mage ==> |transform|==>|transform|==>| Quanti zati on| ==+
| ation | | ation | | [
S + o mee e oo S R S + |
I
S + o mee e oo S R S + |
| | |
JPEG 2000 <==| Data | <==| Rate | <==| EBCOT | <=+
codestream | Ordering | | Control | | |
S + o mee e oo S R S +

Figure 1: Bl ock diagram of the JPEG 2000 encoder

The image is first transforned into wavel et coefficients. The inmage
is sanpled into various |levels, vertically and horizontally, from
hi gh frequencies (which contain sharp details) to | ow frequencies
(which contain snooth areas). Quantization is perfornmed on the
coefficients within each sub-band.

After quantization, code blocks are forned fromw thin the precincts
within the tiles. (Precincts are a finer separation than tiles, and
code bl ocks are the smallest separation of the inage data.) EBCOT
codi ng (Enbedded Bl ock Coding Optim zed for Truncation) is perforned
wi thin each code block and arithnetically encoded by bit plane. Rate
control is performed to achieve the highest quality inmage for a
specified rate.

As a result, for a given tile, data units called JPEG 2000 packets
are generated, which contain data froma specific |ayer, specific
conponent, specific resolution, or specific precinct, depending on
t he data ordering.

Finally, the JPEG 2000 packets are interleaved according to the
progression along four axes: layer, resolution, conmponent, and
precinct. A JPEG 2000 header is added to becone a fully conpliant
JPEG 2000 codestream
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To deconpress a JPEG 2000 codestream one would follow the reverse
order of the encoding order, without the rate control

It is outside the scope of this docunent to further describe in
detail this procedure. Please refer to various JPEG 2000 rel ated
texts for further details [JPEGOOOPt 1].

Figure 2 shows a JPEG 2000 codestreamin detail. A JPEG 2000
codestreamis structured fromthe main header, beginning with the SCC
(Start O Codestreanm) marker, one or nore tiles, and the ECC (End O
Codestream) narker to indicate the end of the codestream Each tile
consists of a tile-part header that starts with the SOT (Start of
Tile) marker and ends with a SOD (Start of Data) marker, and
bitstream (a series of JPEG 2000 packets).

S +
Mai n | | SCC | Required as the first marker
header | AR EE T +
| | mai n | Main header narker segnents
S +
| | SOor | Required at the begi nning of each
Tile- | AR EE T + tile-part header
part | | TO, TPO | Tile O, tile-part O header narker
header | AR EE T + segnent s
| | SOD | Required at the end of each tile-part
S R + header
| bitstream | Tile-part bitstream
S +
I I Sor I
Tile- | L +
part | | T1, TPO |
header | AR EE T +
I I SGD I
S +
| bit stream|
Fomm e o e oo oo - +
Fomm e o e oo oo - +
| ECC | Required as the last marker in the
R R + codestream

Figure 2: Basic construction of the JPEG 2000 codestream
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1.1. Conventions Used in This Docunent

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. JPEG 2000 Video Features
JPEG 2000 video streanms are formed as a continuous series of JPEG
2000 still images. Previously described features of JPEG 2000 may be
used effectively in streaning applications for a JPEG 2000 video. A
JPEG 2000 video stream has the followi ng qualities:

o At lowhbit rates, the SNRis inproved dramatically over JPEG and

Moti on JPEG
o Thisis afull intra-frame format -- each franme is independently
conpressed -- and therefore has a | ow encodi ng and decodi ng del ay.

o JPEG 2000 has flexible and accurate rate control

o This is suitable for traffic control and congestion control during
networ k transm ssi on

o JPEG 2000 can provide its own codestreamerror resilience nmarkers
to aid in codestreamrecovery outside of this specification.

3. Payl oad Design

To design a payload format that maxim zes JPEG 2000 features, the
following are taken into consideration:

o Provisions for packet |oss:
On the Internet, 5% packet loss is comon and this percentage may
vary up to 20% or nore. To split JPEG 2000 video streans into RTP
packets, efficient packetization of the codestreamis required to
nmninze problens in decoding due to missing packets. |If the main
header is lost, the inage cannot be decoded.

o JPEG 2000 Scalability
JPEG 2000 has powerful scalability features and markers in the
payl oad header to indicate the specific neaning of the payl oad,
such as:

* Special markers for the headers, fragments of headers, etc.
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* Tile nunbering for association of packets.

* Since this is primarily for video applications, special markers
are used to indicate format (i.e., interlace odd/even fields).

* Priority inportance of the packet using nethods described in
RFC 5372 [ RFC5372] .

* Main header recovery using nmethods described in RFC 5372
[ RFC5372] .

Addi ti onal usage of the payl oad header is described in RFC 5372
[ RFC5372] .

4. Payl oad For mat
4.1. RITP Fi xed Header Usage

For each RTP packet, the RTP fixed header is followed by the JPEG
2000 RTP payl oad header, which is followed by the payl oad, a piece of
a JPEG 2000 codestream which is usually a JPEG 2000 packet.

The RTP header fields that have a nmeaning specific to a JPEG 2000
video stream are described as foll ows:

Marker bit (M: The marker bit of the RTP fixed header MJST be set
to 1 for the |ast RTP packet of a video frane; otherw se, it MJST
be 0. Wen transnission is perfornmed by multiple RTP sessions,
this bit is 1 in the |ast packet of the frame in each session.

Payl oad type (PT): The payload type is dynam cally assigned by neans
out si de the scope of this docunent. A payload type in the dynanic
range shall be chosen by nmeans of an out-of-band signaling
protocol (i.e., Real Tine Stream ng Protocol (RTSP), SIP, etc.).

Ti mestanp: Tinmestanp indicates the presentation tinme of the frane
contained in the RTP packet. The sane tinmestanp val ue MJST appear
in each RTP packet carrying a fragnent of a given frane. Wen a
JPEG 2000 image is in interlace fornat, the odd field and the
correspondi ng even field MJST have the sane tinestanp val ue.
Fol | ow ng the RTP specification [ RFC3550], the initial value of
the tinmestanp should be randomy chosen.

As for the clock rate, senders and receivers MJST support the
90kHz RTP tinestanp rate, and MAY support other rates. RTP

ti mestanp rates bel ow 1000 Hz SHOULD NOT be used because they w ||
result in insufficient resolution for RTP Control Protocol (RTCP)
nmeasur ements based on the RTP tinestanp, such as the interarriva
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jitter. The clock rate MJUST be negotiated at the start of the
session. \Wen using the Session Description Protocol (SDP), it
MUST be expressed using the "rtpmap" attributes. |f a non-90kHz
clock rate is to be used, it is RECOWENDED to present not only a
preferable clock rate but also 90kHz clock rate with a different
RTP payl oad type.

4.2. RITP Payl oad Header For mat

The RTP payl oad header format for JPEG 2000 video streamis as
foll ows:

0 1 2 3
01234567890123456789012345678901

il s T T S S S S S i N T i ST S S S S S e e L T 2
|[tp | MHF| mh_id| T| priority | tile nunber |
il s T T S S S S S i N T i ST S S S S S e e L T 2
| reserved | fragnent of fset |
il s T T S S S S S i N T i ST S S S S S e e L T 2

Figure 3: RTP payl oad header format for JPEG 2000
tp (type): 2 bits

This field indicates how a JPEG 2000 i mage i s scanned (progressive
or interlace).

0: The payload is progressively scanned.

1. The payload is part of an odd field of an interlaced video
frame. The height specified in the JPEG 2000 nmai n header is
hal f of the height of the entire displayed inage. 1In a
receiver, an odd field should be de-interlaced with the even
field following it so that lines fromeach i mage are displ ayed
alternately.

2: The payload is part of an even field of an interlaced video
si gnal .

WVHF (Main Header Flag): 2 bits

VMHF i ndi cates whether a nmain header or packet of a nmain header is
in the RTP packet.
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If there is no header, MHF has a value of 0. |If there is just a
part of a fragnented header, MHF has a value of 1. |If there is
the last part of a fragmented header, MHF has value of 2. [If the

whol e header is in the packet, MHF has a val ue of 3.

Fomm oo i +
| WMHF Value | Description |
Fomm oo i +
| 0 | no main header in the payl oad |
| 1 | piece of fragnmented header |
| 2 | last part of a fragnmented header

| 3 | a whol e main header |

Table 1: MHF Usage Val ues
mh_id (Main Header ldentification): 3 bits

Mai n header identification value. This is used for JPEG 2000 main
header recovery.

For inplenentations following only this specification, the sender
SHOULD set this value to O and the receiver SHOULD ignore this
field on processing.

T (Tile field invalidation flag): 1 bit

The T bit indicates whether the tile nunber field is valid or
invalid. A sender MJST set the T bit to 1 when invalid and 0 when
val i d.

There are two cases where the tile nunber field is invalid:

* \When an RTP packet holds only the nain header. A sender cannot
set any nunber in the tile nunber field, as no JPEG 2000 til e-
part bitstreamis included in the RTP packet.

* Miltiple tile-parts are packed together in a single payl oad.
If there are nultiple tiles packed into a single payl oad, there
is no neaning to assign a nunber to the tile nunber field.

priority: 8 bits

The priority field indicates the inportance of the JPEG 2000
packet included in the payload. Typically, a higher priority
value is set in the packets contai ning JPEG 2000 packets that
contain the | ower sub-bands.
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5.

For inplenentations followng only this specification, the sender
SHOULD set this value to 255 and the receiver SHOULD ignore this
field on processing.

tile nunber: 16 bits

This field shows the tile nunber of the payload. This field is
only valid when the T bit is 0. |If the T bit is set to 1, the
recei ver MUST ignore this field.

R (Reserved): 8 bits

This bit is reserved for future use. Senders MJST set this to O.
Recei vers MJST ignore this field.

fragnent offset: 24 bits

This value MUST be set to the byte offset of the current payl oad
inrelation to the very begi nning of each JPEG 2000 codestream
(JPEG 2000 frane).

Byte offsets are calculated fromthe start of each JPEG 2000
codestreamup to the current position where the current payl oad
would fit into the conplete JPEG 2000 codestream

To perform scal able video delivery by using multiple RTP sessions,
the offset value fromthe first byte of the same frame is set for
fragment offset. It is then possible to deliver |ayered video
using nultiple RTP sessions; the fragnent offset mght not start
fromO in some RTP sessions even if the packet is the first one
received in the RTP session

RTP Packeti zati on

The sender nust packetize the JPEG 2000 appropriately according to
initial nedia type paraneters and/or details from SDP of fer/answer
par aneters.

A "packetization unit" is defined as either a JPEG 2000 mai n header,
atile-part header, or a JPEG 2000 packet.

Futemma, et al. St andards Track [ Page 10]



RFC 5371 JPEG 2000 RTP Payl oad For mat Cct ober 2008

First, a sender divides the JPEG 2000 codestreaminto packeti zation
units by parsing the codestreamor by getting information fromthe
encoder, and packs the packetization units into RTP packets. A
sender can put an arbitrary nunmber of packetization units into an RTP
packet, but it MJST preserve the codestream order. An exanple of
this kind of RTP packet format is shown in Figure 4:

| RTP | payl oad| packetization | packetization |
| header | header | unit | unit |

Figure 4: An exanple with nultiple packetization units

| f a packetization unit with headers (IP header, RTP header, and

payl oad header) is larger than the MIU size, it MAY be fragnented.

To pack a fragnmented packetization unit, the fragnented unit MJST NOT
be packed with the succeedi ng packetization unit within the same RTP
packet. An exanmple of this kind of RTP packet format is shown in

Fi gure 5:

Fo-m oo - Fomm e - o m o m o e e e e e e e e e e e e e e e e e e e mee—a oo +
| RTP | payl oad| packetization unit fragnment |
| header | header | |
Fo-m oo - Fomm e - o m o m o e e e e e e e e e e e e e e e e e e e mee—a oo +
Fo-m oo - Fomm e - o m o m o e e e e e e e e e e e e e e e e e e e mee—a oo +
| RTP | payl oad| packetization unit fragnment |
| header | header | |
Fo-m oo - Fomm e - o m o m o e e e e e e e e e e e e e e e e e e e mee—a oo +
Fo-m oo - +---.----+ ------------------------------------ +
| RTP | payl oad| end of packetization unit fragnent |
| header | header | |
Fo-m oo - Fomm e - o m e e e e e eme—oooo- +

Figure 5: An exanple with a fragnented packetization unit
6. Media Type Registration

This registration uses the tenplate defined in [ RFC4288] and foll ows
[ RFC4855] .

Type nane: video
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Subt ype nane: jpeg2000
Requi red paraneters:

rate: The RTP tinestanp clock rate. The default rate is 90000,
but other rates MAY be specified. Rates below 1000 Hz SHOULD
NOT be used.

sanpling: A list of values specifying the color space of the
payl oad dat a.

Accept abl e val ues:
RGB: standard Red, Geen, Blue col or space.
BGR standard Blue, G een, Red color space.
RGBA: standard Red, G een, Blue, Al pha color space.
BGRA: standard Blue, Green, Red, Al pha color space.
YCbCr-4:4:4: standard YCbCr col or space; no subsanpling.

YChCr-4:2:2: standard YCbCr color space; Cb and Cr are
subsanpl ed hori zontally by 1/2.

YCbhCr-4:2:0: standard YCbCr color space; Cb and Cr are
subsanpl ed horizontally and vertically by 1/2.

YCbhCr-4:1:1: standard YCbCr color space; Cb and Cr are
subsanpl ed vertically by 1/4.

GRAYSCALE: basically, a single conmponent image of just
multil evel s of grey.

EXTENSI ON VALUE: Additional color sanplings can be
registered with the current listing of registered col or
sanplings at: Color Sanpling Registration Authority.

Pl ease refer to RTP Format for Unconpressed Video
[ RFC4175] .

Opti onal paraneters:

interlace: Interlace scanning. |f the payload is in interlace
format, the acceptable value is "1"; otherw se, the val ue
shoul d be "0". Each conplete inage forns, vertically, half the
display. The tp value MJST properly specify the field the
i mage represents: odd(tp=1) or even(tp=2). |If this option is
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not present, the payload MJST be in progressive format and the
tp MJUST be set to O.
wi dth: A paraneter describing the maxi mumw dth of the video
stream This paraneter MJST appear when height is present.
Accept abl e values: -- an integer value between 0 --
4,294, 967, 295.
hei ght: A paraneter describing the nmaxi num hei ght of the video
stream This paraneter MJST appear when width is present.
Accept abl e values: -- an integer value between 0 --
4,294, 967, 295.
The receiver MJUST ignore any unspecified paraneters.
Encodi ng consi der ati ons:

This nmedia type is framed and binary, see Section 4.8 of
[ RFC4288] .

Security considerations: See Section 9 of this docunent.
I nteroperability considerations:
The JPEG 2000 video streamis a sequence of JPEG 2000 stil
i mages. An inplenentation conpliant with [ JPEGOOOPt 1] can
decode and attenpt to display the encoded JPEG 2000 vi deo stream
Publ i shed specification: ISOIEC 15444-1 | ITU T Rec. T.800
Applications that use this nedia type:
vi deo streaning and conmuni cati on
Person and email address to contact for further information:
Ei saburo Itakura, Satoshi Futenma, Andrew Leung
Emai | . itakura@m sony. co.jp, satosi-f@m sony.co.jp,
andr ew@ial bert a. net
I nt ended usage: COMVON
Restrictions on Usage:
This nmedi a type depends on RTP frami ng, and hence is only defined

for the transfer via RTP [RFC3550]. Transport wi thin other
fram ng protocols is not defined at the tine.
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Aut hor/ Change Control | er
Aut hor :
Ei saburo Itakura, Satoshi Futenma, Andrew Leung
Emai |l : itakura@m sony. co.jp, satosi-f@m sony.co.jp,
andr ew@ial bert a. net

Change controller

| ETF Audi o/ Vi deo Transport Working G oup del egated fromthe
| ESG

7. SDP Par aneters
7.1. SDP Mapping

The nedi a type video/jpeg2000 string is mapped to fields in the
Sessi on Description Protocol (SDP) [RFC4566] as foll ows:

o The nedia nane in the "m" |line of SDP MJST be vi deo.

0 The encoding nane in the "a=rtpmap" |ine of SDP MJST be jpeg2000
(the subtype).

0 The clock rate in the "a=rtpmap" line is set according to the
"rate" paraneter. Senders that wish to use a non-90kHz rate
SHOULD al so offer the same streamusing a 90kHz tinestanp rate
with a different RTP payload type, allow ng graceful fallback to
90kHz for conmpatibility.

0 The REQUI RED paraneter, "sanpling", MJST be included in the
"a=fntp" line of SDP.

0 The OPTIONAL paraneters, if presented, MJST be included in the
"a=fntp" line of SDP.

These paraneters are expressed as a nedia type string, in the form of
a semicol on separated |ist of parameter=val ue pairs.

Therefore, an exanple of nedia representation in SDP using typica
paraneters is as foll ows:

m=vi deo 49170/ 2 RTP/ AVP 98

a=rtpmap: 98 j peg2000/ 90000
a=f nt p: 98 sanpl i ng=YCbCr-4: 2: 0; wi dt h=128; hei ght =128
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An exanpl e for using non-90kHz tinestanp is as follows:

7. 2.

mevi deo 49170/ 2 RTP/ AVP 98 99

a=rtpmap: 98 j peg2000/ 27000000

a=rtpmap: 99 j peg2000/ 90000

a=fnmt p: 98 sanpl i ng=YCbCr-4: 2: 0; wi dt h=128; hei ght =128
a=fnmt p: 99 sanpl i ng=YCbCr-4: 2: 0; wi dt h=128; hei ght =128

Usage with the SDP O f er/ Answer Model

When of fering JPEG 2000 over RTP using SDP in an O fer/Answer nodel
[ RFC3264], the following rules and limtations apply:

(0]

(0]

Al paranmeters MJUST have an acceptable value for the paraneter.
Al'l paraneters MJST correspond to the paraneters of the payl oad.

The parameter "sanpling" with an acceptabl e answer MJST appear in
the offer and in the answer if accepted by the receiver. The
recei ver SHOULD do its best to handle the received codestreamin
the color space offered. |If the receiver cannot handl e the

of fered col or space for whatever reason, it should reply with its
preferred color space in the answer and gracefully end the
session. Senders do not need to conformto the color space in the
answer, but they should take note that the session ended due to
col or sanpling issues.

For optional paraneter "interlace", if this option is used, it
MUST appear in the offer and, if accepted, it SHOULD appear in the
answer. Receivers should do their best to handle interlace or
progressive codestreans but, if for sone reason, receivers cannot
accommodat e, receivers should reply with preferred settings in the
answer, then gracefully end the session. Senders do not need to
adj ust settings upon this answer, but they should take note that
the session ended due to interlace or progressive issues.

For optional paraneters "w dth" and "height", the follow ng
appl i es:

* if "width" appears in the offer or answer, "height" MJST be
present.

* if "height" appears in the offer or answer, "w dth" MJST be
present.

Wdth and hei ght shoul d appear in the offer as the maxi mum
di nensi ons the sender can offer. In the answer, it SHOULD
represent the maxi mumthe receiver can acconmpdate. |If there is a
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7.

7.

2.

2.

di fference between the offer and answer, the sender should re-
of fer a new wi dth and hei ght and appropriately scale down the
codestream for the receiver.

o In a nmulticast environnent, [RFC1112] receivers should do their
best to conformto paraneters in the offer fromthe sender.
Senders shoul d use reconmended settings in rulticast environnments
and take note of answers. For wi dth and height, the sender should
accomodate to the | owest values it receives fromall answers.

0 Any unknown options in the offer should be ignored and del et ed
fromthe answer.

1. Exanples
Exanpl e of fer/ answer exchanges are provi ded.

Alice offers YChCr 4:2:2 color space, interlace image with 720-pi xel
wi dt h and 480- pi xel hei ght as bel ow

v=0

o=al i ce 2890844526 2890844526 | N | P4 host. exanpl e
S=

c=I N I P4 host.exanpl e

t=0 0

mevi deo 49170 RTP/ AVP 98
a=rtpmap: 98 j peg2000/ 90000
a=fnmt p: 98 sanpli ng=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480

Bob accepts YCbCr-4:2:2 color space, interlace inmage and replies:

v=0

o=bob 2890844730 2890844731 IN | P4 host.exanpl e

S=

c=I N | P4 host. exanpl e

t=0 0

mevi deo 49920 RTP/ AVP 98

a=rtpmap: 98 j peg2000/ 90000

a=fnmt p: 98 sanpli ng=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480

2. Exanpl es: Non-90kHz Ti nestanp

Exanpl e of fer/answer exchanges, where an offerer w shes to use non-
90kHz tinmestanp, are provided.

Alice offers an RTP payload type with 27MHz clock rate as well as
with 90kHz clock rate, and each payl oad type includes: YChCr 4:2:2
col or space, interlace imge, 720-pixel w dth and 480-pi xel height.
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8.

She puts 27MHz clock rate attributes prior to 90kHz because she wants
to use 27 Mz rather than 90kHz.

v=0

o=al i ce 2890844526 2890844526 I N | P4 host. exanpl e
S=

c=I N I P4 host.exanpl e

t=0 0

mevi deo 49170 RTP/ AVP 98 99

a=rtpmap: 98 j peg2000/ 27000000

a=rtpmap: 99 j peg2000/ 90000

a=fnmt p: 98 sanpli ng=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480
a=fnmt p: 99 sanpling=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480

I f Bob can accept 27MHz clock rate, he replies as bel ow

v=0

o=bob 2890844730 2890844731 IN | P4 host.exanpl e

S=

c=I N | P4 host. exanpl e

t=0 0

mevi deo 49920 RTP/ AVP 98

a=rtpmap: 98 j peg2000/ 27000000

a=fnmt p: 98 sanpli ng=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480

| f Bob doesn’t accept 27MHz clock rate, he replies as bel ow

v=0

o=bob 2890844730 2890844731 IN | P4 host.exanpl e

S=

c=I N | P4 host.exanpl e

t=0 0

mevi deo 49920 RTP/ AVP 99

a=rtpmap: 99 j peg2000/ 90000

a=fnmt p: 99 sanpling=YCbCr-4:2:2; interlace=1; w dth=720; hei ght =480

| ANA Consi der ati ons

A new nedi a subtype (video/jpeg2000) has been regi stered by | ANA
For details, see Section 6 of this docunent.

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP

speci fication [ RFC3550], and in any applicable RTP profile. The main
security considerations for the RTP packet carrying the RTP payl oad
format defined within this meno are confidentiality, integrity, and
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10.

source authenticity. Confidentiality is achieved by encryption of
the RTP payload. Integrity of the RTP packets is through the use of
sui tabl e cryptographic integrity protection nechanism A
cryptographic systemmay al so all ow the authentication of the source
of the payload. A suitable security nechanismfor this RTP payl oad
format shoul d provide confidentiality, integrity protection, and at

| east a source authentication nmethod capabl e of determ ning whether
or not an RTP packet is froma nenber of the RTP session.

Note that the appropriate nechanismto provide security to RTP and
payl oads following this meno may vary. It is dependent on the
application, the transport, and the signaling protocol enployed.
Therefore, a single nmechanismis not sufficient, although if

sui tabl e, the usage of SRTP [ RFC3711] is recomended. O her

mechani smthat may be used are | Psec [ RFC4301] and Transport Layer
Security (TLS) [RFC5246] (RTP over TCP), but other alternatives may
al so exi st.

Congesti on Contr ol

If Quality of Service (QS) enhanced service is used, RTP receivers
SHOULD noni tor packet loss to ensure that the service that was
requested is actually being delivered. |If it is not, then they
SHOULD assune that they are receiving best-effort service and behave
accordi ngly.

If best-effort service is being used, users of this payload format
MUST nonitor packet |oss to ensure that the packet loss rate is

wi thin acceptable paranmeters. Packet |oss is considered acceptable
if a TCP flow across the sane network path, experiencing the sane
network conditions, would achi eve an average throughput, neasured on
a reasonable tinmescale, that is not less than the RTP flowis
achieving. This condition can be satisfied by inplenenting
congestion control mechanisns to adapt the transnission rate (or the
nunber of |ayers subscribed for a |l ayered nulticast session), or by
arranging for a receiver to | eave the session if the loss rate is
unaccept ably high
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Appendi x A.  Informative Appendi x
A. 1. Recommended Practices

As the JPEG 2000 coding standard is highly flexible, many different
but conpliant data streanms nay be produced and still be conpliant
JPEG 2000 codestrearns.

The following is a set of reconmendati ons set forth from our
experience in devel opi ng JPEG 2000 and this payl oad specification

| npl ementations of this standard nust handle all possibilities
mentioned in this specification. The following is a listing of itens
an i npl enmentation nay optim ze.

Error Resilience Markers: The use of error resilience nmarkers in the
JPEG 2000 data streamis highly recormmended in all situations.
Error recovery with these markers is hel pful to the decoder and
saves external resources (e.g., markers such as RESET, RESTART,
and ERTERM .

YCbCr Col or Space: The YCbCr col or space provi des the greatest
anmount of conpression in color with respect to the human vi sua
system \Wen used with JPEG 2000, this col or space can provide
excellent visual results at low bit rates.

Progression Ordering: JPEG 2000 offers many different ways to order
the final code streamto optim ze the transfer with the
presentation. W have found that the nbst useful codestream
ordering is layer progression and resolution progression ordering.

Tiling and Packets: JPEG 2000 packets are formed regardl ess of the
encodi ng nmethod. The encoder has little control over the size of
these JPEG 2000 packets as they nmay be large or snall
Tiling splits the inmage into snaller areas and each is encoded
separately. Wth tiles, the JPEG 2000 packet sizes are al so
reduced. When using tiling, alnost all JPEG 2000 packet sizes are
an acceptable size for transmssion (i.e., smaller than the MU
size of nmpbst networks).

Sender Processing: There are no limtations as to how the sender
shoul d pack the payload. In general, the sender should pack
headers separately fromthe rest of the codestreamto nmake header
recovery sinple. Payloads should generally begin with a Start of
Packet (SOP) marker and end with an End of Packet Header (EPH)
mar ker for easier decoder processing.

Futemma, et al. St andards Track [ Page 21]



RFC 5371 JPEG 2000 RTP Payl oad For mat Cct ober 2008

A. 2. Sanple Headers in Detail

This section has various sanple headers in various configurations for
r ef er ence.

For reference, the payl oad header is as follows:

0 1 2 3
01234567890123456789012345678901

R R i s i i S S S S S kSt S S S S S e e
[tp | MHF| mh_id| T| priority | tile nunber |
R R i s i i S S S S S kSt S S S S S e e
| reserved | fragnent of fset |
i T i i e S I ih s o S S ™

Fi gure 6: JPEG 2000 Payl oad Header

A.2.1. Sanple 1. Progressive Image with Single Tile, 3500 Bytes (i.e
t hunbnai |)

First Packet: This packet will have the whol e main header 210 bytes

1 2 3
1234567890123456789012345678901
T T S T T o S T STy S S S S S

0 |1 255 | 0 |
T S T T o S e I s ik o S
0
-+-+-+-+-+-+-|+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
4F FF51 002F 000 .... |
T I S T i o S T S S S S S i S St

F

+ T+

Figure 7: Header Sanple 1-1 (First Packet)
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Second Packet: This packet will have a tile header and the first tile
part LLband 1500 bytes

0 1 2 3
01234567890123456789012345678901

T T S e i T S S i S S e T St S S R S
0] 3] 0 |0 255 | 0 |
T T S e i T S S i S S e T St S S R S

0 | 210 |

+
I
+
I
i T i i e S I ih s o S S ™
| FF90 O00OA 0000 0000 2DB3 0001 FF93 ... |
i T i i e S I ih s o S S ™
Figure 8: Header Sanple 1-2 (Second Packet)

Third Packet: This packet will have the next part in the tile, no
tile header 1500 bytes

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S
| O] O O |0 255 | 0 |
T T T T S S e e T 2T S S e AT i S S S
| 0 | 1710 |

T T S T S S S T 2 S S Tk S S
| EB41 4526 4556 9850 C2EA ... |
T T S T S S e T S S S e s S S

Figure 9: Header Sanple 1-3 (Third Packet)
Fourth Packet: Last packet for the inage 290 bytes

0 1 2 3
01234567890123456789012345678901
B R T T T T T T S S S S S
0] 0 0 |0 255 | 0 |
B R T T T T T T S S S S S
| 3210 I
I I b st S S S T T e S S I I ik ot SIS Y S Y S
| A55D 8B73 3B25 25C7 B9EB ... 2FBE B153|
I I b st S S S T T e S S I I ik ot SIS Y S Y S

— +— +
o +— +

Figure 10: Header Sanple 1-4 (4th Packet)
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A 2.2. Sample 2: Image with 4 Tiles

First Packet: This packet will have the whole main header. 210 bytes

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S
| O 3| O |1] 255 | 0 |
T T T T S S e e T 2T S S e AT i S S S
I 0 I 0 I

T T S T S S S T 2 S S Tk S S
| FF4F FF51 002F 000 ... |
T T S T S S e T S S S e s S S

Figure 11: Header Sanple 2-1 (First Packet)

Second Packet: This packet will have a first tile part (tile 0) 1400
byt es

0 1 2 3
01234567890123456789012345678901

T T S e i T S S i S S e T St S S R S
0] 0] O |0 255 | 0 |
T T S e i T S S i S S e T St S S R S

0 | 210 |

+
I
+
I
i T i i e S I ih s o S S ™
| FF90 O00OA 0000 0000 0578 0001 FF93 ... |
i T i i e S I ih s o S S ™
Figure 12: Header Sanple 2-2 (Second Packet)

Third Packet: This packet will have a second tile part (tile 1) 1423
byt es

0 1 2 3
01234567890123456789012345678901

T T S e T S S e i o S i S e i T S S S
O] 0] 0O |0 255 | 1 |
B T s o S e T T o S i el s S S

0 | 1610 |

T S S S T AT S S e e i T S S i i o s
FFO90 O00OA 0001 0000 058F 0001 FF93 ... |
+

+
|
|
II-- T S S e T ST S e S T T S e T S S S S

Figure 13: Header Sanple 2-3 (Third Packet)
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Fourth Packet: This packet will have a third tile part (tile 2) 1355
byt es

0 1 2 3
01234567890123456789012345678901

T T S e T S S e i o S i S e i T S S S
O] 0] 0O |0 255 | 2 |
B T s o S e T T o S i el s S S

0 | 3033 |

+
I
+
I
i T i i e S I ih s o S S ™
| FF90 O00OA 0002 0000 054B 0001 FF93 ... |
i T i i e S I ih s o S S ™
Figure 14: Header Sanple 2-4 (4th Packet)

Fifth Packet: This packet will have a fourth tile part (tile 3) 1290
byt es

0 1 2 3
01234567890123456789012345678901

T T S e T S S e i o S i S e i T S S S
O] 0] 0O |0 255 | 3 |
B T s o S e T T o S i el s S S

0 | 4388 |

T S S S T AT S S e e i T S S i i o s
FFO90 O00OA 0003 0000 050A 0001 FF93 ... |
+

+
|
|
!4-- T S S e T ST S e S T T S e T S S S S

Figure 15: Header Sanple 2-5 (5th Packet)

A.2.3. Sanple 3: Packing Multiple Tiles in Single Payl oad, Fragnented
Header

First Packet: This packet will have the first part of the main header
110 bytes

1 2 3

1234567890123456789012345678901
T T i S A S Tk A i S S S S S S S
| 0 |1 255 | 0 |
B T T S e T S e i o i S S S S A e
0 0

+-+-+-+-+-+-+-+-|+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
| FF4F FF51 002F 000 ... |
T T S T S S e T S S S e s S S
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Figure 16: Header Sanple 3-1 (First Packet)

Second Packet: This packet has the second part of the header 1400
byt es

0 1 2 3
01234567890123456789012345678901

B T S T S S I e S i i i I S S S S S S S S
0] 2] 0 |1 255 | 0 |
B T S T S S I e S i i i I S S S S S S S S

0 | 110 |

T S S S T AT S S e e i T S S i i o s
FF64 OOFF ... |
T S S S T o S S e e T Sl S S S S i o NS

+
I
+
I
+
I
+
Figure 17: Header Sanple 3-2 (Second Packet)
Third Packet: This packet has two tiles, tile O and tile 1 1400 bytes

0 1 2 3
01234567890123456789012345678901

T S S S T o S S S e e S s Sl S S S S i o NS
O] 0] O 1] 255 | 0 |
T S S S T A S S e e T T S S i S S S

0 | 1510 |

T i S Nt S S S S I i s S SR SR S
FF90 OO0OA 0000 0000 02BC 0001 FF93 ... |
/ 11
FF90 OO0OA 0001 0000 02BC 0001 FF93 ... |

4o
L
L
I
!I-- i S S S i e S S S Tl e S S B

Figure 18: Header Sanple 3-3 (Third Packet)
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A 2.

Fut

Fourth Packet: This packet has one tile, tile 2 1395 bytes

0 1 2 3
01234567890123456789012345678901

T T S e T S S e i o S i S e i T S S S
O] 0] 0O |0 255 | 2 |
B T s o S e T T o S i el s S S

0 | 2910 |

T S S S T AT S S e e i T S S i i o s
FFO90 O000OA 0002 0000 0573 0001 FF93 ... |
T T S S T o S e T i S S S S S e e T

+
I
+
I
+
I
+

Figure 19: Header Sanple 3-4 (4th Packet)
4. Sanple 4: Interlace Image, Single Tile

First packet: This packet will have the whole main header for the
field 210 bytes

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S
| 1] 3| O |1] 255 | 0 |
T T T T S S e e T 2T S S e AT i S S S
I 0 I 0 I

T T S T S S S T 2 S S Tk S S
| FF4F FF51 002F 000 ... |
T T S T S S e T S S S e s S S

Fi gure 20: Header Sanple 4-1 (First Packet)

Second packet: This packet will have the first part of the odd
field s tile 1400 bytes

1 2 3
1234567890123456789012345678901
-4+ + e S S I S il st o SIS SIS S Y S S S S

0 |1 255 | 0 |
-4+ + e S S I S il st o SIS SIS S Y S S S S
210 I

0
0
+- +- - -
1] 0
+- +- -

o +— +

- +-
- +-
T T S e s S S T S T T e T S S S

+
FF90 OOOA 0000 0000 0578 0001 FF93 ... |
+

+
|
|
!I-- T S S e T ST S e S T T S e T S S S S

Figure 21. Header Sanple 4-2 (Second Packet)
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Third packet: This packet will have the second part of the odd
field s tile 1400 bytes

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S
| 1] O O 1] 255 | 0 |
T T T T S S e e T 2T S S e AT i S S S
| 0 | 1610 |

T T S T S S S T 2 S S Tk S S
| 7FO4 E708 27D9 D11D 22CB ... |
T T S T S S e T S S S e s S S

Figure 22: Header Sanple 4-3 (Third Packet)

Fourth packet: This packet will have the third part of the odd
field s tile 1300 bytes

1 2 3

0
01234567890123456789012345678901

T T S e T S S e i o S i S e i T S S S
11 0| O |1] 255 | 0 |
B T s o S e T T o S i el s S S

0 | 3010 |

T S S S T AT S S e e i T S S i i o s
98BD EC9B 2826 DC62 D4AB ... |
T S S S T o S S e e T Sl S S S S i o NS

+—+— +— +

Figure 23:. Header Sanple 4-4 (4th Packet)

Fifth packet: This packet will have the whole main header for the
even field 210 bytes

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S
| 21 3| 0 |1] 255 | 0 |
T T T T S S e e T 2T S S e AT i S S S
I 0 I 0 I

T T S T S S S T 2 S S Tk S S
| FF4F FF51 002F 000 ... |
T T S T S S e T S S S e s S S

Figure 24: Header Sanple 4-5 (5th Packet)
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Si xt h packet: This packet will have the first part of the even
field s tile 1400 bytes

0 1 2 3
01234567890123456789012345678901

B T S T S S I e S i i i I S S S S S S S S
21 0| O |1 255 | 0 |
e S S S R T e o S il sk s S S S S S S S

0 | 210 |

+
I
+-
I
T S S i S S T e S S i s SR SR SRS
| FFO0 OO0OA 0000 0000 0578 0001 FF93 ... |
T S S i S R N S S S S i s S SR SRS

Fi gure 25: Header Sanple 4-6 (6th Packet)

Sevent h packet: This packet will have the second part of the even
field s tile 1400 bytes

0 1 2 3
01234567890123456789012345678901

T T S S T I S e T i S S S S S S e o
21 0] O |1 255 | 0 |
T S S S T A S S e e T T S S i S S S

0 | 1610 |

+
+-
T T T S S T S S S S e e Ll T i o S SaptS
| 626C 42F0 166B 6BDO0 F8E1 ... |
T T T S S T S S S s ks sl s S S S SRt

Figure 26: Header Sample 4-7 (7th Packet)

Ei ght h packet: This packet will have the third part of the even
field s tile 1300 bytes

0 1 2 3
01234567890123456789012345678901

T T S S T I S e T i S S S S S S e o
21 0] O |1 255 | 0 |
T S S S T A S S e e T T S S i S S S

0 | 3010 |

+
+-
T T T S S T S S S S e e Ll T i o S SaptS
| 8114 41D5 18AB 4A1B ... |
T T T S S T S S S s ks sl s S S S SRt

Figure 27: Header Sanple 4-8 (8th Packet)
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Ful I Copyright Statenent
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This docunent is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights.

Thi s docunent and the information contained herein are provided on an
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Intell ectual Property

The | ETF takes no position regarding the validity or scope of any
Intell ectual Property Rights or other rights that m ght be clained to
pertain to the inplenentation or use of the technol ogy described in
this docunent or the extent to which any |icense under such rights

m ght or might not be available; nor does it represent that it has
made any independent effort to identify any such rights. |Information
on the procedures with respect to rights in RFC docunents can be
found in BCP 78 and BCP 79.

Copi es of IPR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nmade available, or the result of an
attenpt nmade to obtain a general |icense or permission for the use of
such proprietary rights by inplenmenters or users of this

speci fication can be obtained fromthe | ETF on-line |IPR repository at
http://ww.ietf.org/ipr.

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that nmay cover technol ogy that nay be required to inplenment
this standard. Please address the information to the |IETF at
ietf-ipr@etf.org.
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