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Abst ract

This meno specifies an RTP payl oad format for encapsul ating
unconpressed Hi gh Definition Tel evision (HDTV) as defined by the
Soci ety of Mdtion Picture and Tel evi si on Engi neers (SMPTE) standard,
SMPTE 292M SMPTE is the mmin standardi zing body in the notion

i magi ng i ndustry and the SMPTE 292M st andard defines a bit-serial
digital interface for |ocal area HDTV transport.

1. Introduction

The serial digital interface, SMPTE 292M [ 1], defines a universal

medi um of interchange for unconpressed Hi gh Definition Tel evision
(HDTV) between various types of video equi pnent (caneras, encoders,
VTRs, etc.). SMPTE 292M sti pul ates that the source data be in 10 bit
words and the total data rate be either 1.485 Gbps or 1.485/1.001
Gops.

The use of a dedicated serial interconnect is appropriate in a studio
environnent, but it is desirable to | everage the w despread

avai lability of high bandwi dth I P connectivity to allow efficient

wi de area delivery of SMPTE 292M content. Accordingly, this nmeno
defines an RTP payl oad format for SMPTE 292M f ormat vi deo.
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It is to be noted that SMPTE 292M streans have a constant high bit
rate and are not congestion controlled. Accordingly, use of this
payl oad format should be tightly controlled and linmted to private
networ ks or those networks that provide resource reservation and
enhanced quality of service. This is discussed further in section 9.

This meno only addresses the transfer of unconpressed HDTV.
Conpressed HDTV is a subset of MPEG 2 [9], which is fully described
in document A/53 [10] of the Advanced Tel evi sion Standards Committee.
The ATSC has al so adopted the MPEG 2 transport system (1SQ | EC
13818-1) [11]. Therefore RFC 2250 [12] sufficiently describes
transport for conpressed HDTV over RTP

2. Overview of SMPTE 292M

A SMPTE 292M television |ine conprises two interl eaved streans, one
contai ning the [ um nance (Y) samples, the other chrom nance (CrCh)
val ues. Since chrom nance is horizontally sub-sanpled (4:2:2 coding)
the lengths of the two streanms match (see Figure 3 of SMPTE 292M
[1]). In addition to being the same |length the streans al so have
identical structures: each streamis divided into four parts, (figure
1): (1) start of active video timng reference (SAV); (2) digita
active line; (3) end of active video timng reference (EAV); and (4)
digital line blanking. A SMPTE 292M 1line nmay al so carry horizonta
ancillary data (HANC) or vertical ancillary data (V-ANC) instead of
the bl anking level; Likewi se, ancillary data nmay be transported
instead of a digital active line.

The EAV and SAV are made up of three 10 bit words, with constant

val ues of Ox3FF 0x000 0x000 and an additional word (designated as XYZ
in figure 2), carrying a nunber of flags. This includes an F flag
whi ch designates which field (1 or 2) the line is transporting and
also a V flag which indicates field blanking. Table 1, further

di spl ays the code values in SAV and EAV. After EAV, are two words,
LNO and LNl (Table 2), that carry the 11 bit |ine nunber for the
SMPTE 292M line. The Cyclic Redundancy Check, CRC, is also a two
word val ue, shown as CRO and CR1 in figure 2.

. T oo m- T +
| | Digital Line Blanking | | Digital Active Line

| EAV+LN+CRC | (Bl anking |evel or | SAV | (Active Picture or

| | Ancillary Data) | | Anci | I ary Dat a)

S TRy R RO S oonns R R +

Figure 1. The SMPTE 292M Iine format.
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0 20 40 60 80 0 20 40
T e R e e e r ks ot e e e -t
| 3FF] 0 | O | XYZ| LN1] LN2| CRO| CR1| | 3FF] 0 | O | XYZ|
B i S S S S i sTui S S S S T S N RN S U S S
<---- EAV ----- > <- LN-> <- CRC > <----- SAV ----- >

Figure 2. Timng reference format.
e s +
| (MBB) (LSB) |
| Word 9 8 7 6 5 4 3 2 1 0
o +
| 3FF 1 1 1 1 1 1 1 1 1 1
| 000 0 0 0 0 0 0 0 0 0 0
| 000 0 0 0 0 0 0 0 0 0 0
| XYz 1 F \Y, H P P P P P P
o +
| NOTES:
| F=0 during field 1; F=1 during field 2. |
| V=0 el sewhere; V=1 during field bl anking. |
| H=0 in SAV, H=1 in EAV. |
| MBB=nost significant bit; LSB=least significant bit.|
| P= protected bits defined in Table 2 of SMPTE 292M |
o +

Table 1. Timng reference codes.
o m e e e e e e e e e e e e e e e e e e e e e e e e m e m e m e m e amam o +
| (MBB) (LSB) |
| Word 9 8 7 6 5 4 3 2 1 0
S +
| LNO R L6 L5 L4 L3 L2 L1 LO R R |
| LN1L R R R R L10 L9 L8 L7 R R
o m e e e e e e e e e e e e e e e e e e e e e e e e m e m e m e m e amam o +
| NOTES:
| LNO - L10 - line nunmber in binary code. |
| R = reserved, set to "0".
T N +
Tabl e 2: Line number data.

The nunber of words and the format for active lines and |ine blanking

is defined by source format docunents.

Currently,

source vi deo

formats transfered by SMPTE 292M i ncl ude SMPTE 260M 295M 274M and

296M [ 5- 8] .
RTP,

Gharai, et al.
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In this menmo, we specify how to transfer SMPTE 292M over
i rrespective of the source format.
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3.

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 BCP 14, RFC 2119 [2].

Payl oad Desi gn

Each SMPTE 292M data line is packetized into one or nore RTP packets.
This includes all timng signals, blanking | evels, active lines
and/or ancillary data. Start of active video (SAV) and end of active
vi deo (EAV+LN+CRC) signals MJUST NOT be fragnented across packets, as
the SMPTE 292M decoder uses themto detect the start of scan |ines.

The standard RTP header is followed by a 4 octet payl oad header. Al
information in the payl oad header pertains to the first data sample
in the packet. The end of a video frame (the packet containing the
| ast sanple before the EAV) is narked by the Mbit in the RTP header

The payl oad header contains a 16 bit extension to the standard 16 bit
RTP sequence nunber, thereby extending the sequence nunber to 32 bits
and enabling RTP to accommpdate HDTV' s high data rates. At 1.485
Gops, with packet sizes of at |east one thousand octets, 32 bits
allows for an approxi mate 6 hour period before the sequence nunber
wraps around. G ven the same assunptions, the standard 16 bit RTP
sequence nunber waps around in |less than a second (336
mlliseconds), which is clearly not sufficient for the purpose of
detecting | oss and out of order packets.

A 148.5 MHz (or 148.5/1.001 MHz) time-stanp is used as the RTP
timestanp. This allows the receiver to reconstruct the timng of the
SMPTE 292M stream without know edge of the exact type of source
format (e.g., SMPTE 274M or SMPTE 296M). Wth this timestanmp, the

| ocation of the first sample of each packet can be uniquely
identified in the SMPTE 292M stream At 148.5 M1z, the 32 bit

ti mestanmp waps around in 21 seconds.

The payl oad header also carries the 11 bit |ine nunmber fromthe SMPTE
292M tim ng signals. This provides nore information at the
application |l evel and adds a level of resiliency, in case the packet
containing the EAV is | ost.

The bit length of both timng signals, SAV and EAV+LN+CRC, are
multiples of 8 bits, 40 bits and 80 bits, respectively, and therefore
are naturally octet aligned.
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For the video content, it is desirable for the video to both octet
align when packetized and al so adhere to the principles of
application |evel framing, also known as ALF [13]. For YCrCb video,
the ALF principle translates into not fragnenting related | um nance
and chrom nance val ues across packets. For exanple, with the 4:2:0
col or subsanmpling, a 4 pixel group is represented by 6 values, Yl Y2
Y3 Y4 Cr Ch, and video content shoul d be packetized such that these
val ues are not fragnented across 2 packets. However, with 10 bit
words, this is a 60 bit value which is not octet aligned. To be both
octet aligned, and adhere to ALF, an ALF unit nust represent 2 groups
of 4 Pixels, thereby becom ng octet aligned on a 15 octet boundary.
This length is referred to as the pixel group or pgroup, and it is
conveyed in the SDP paraneters. Table 3 displays the pgroup val ue
for various color sanplings. Typical source formats use 4:2:2
sanmpling, and require a pgroup of 5 octets, other values are included
for conpl et eness.

The contents of the Digital Active Line SHOULD NOT be fragnented
within a pgroup. A pgroup of 1 indicates that data may be split at
any octet boundary (this is applicable to instances where the source
format is not known). The SAV and EAV+LN+CRC fields MUST NOT be
fragment ed.

o +
| Col or 10 bit |
| Subsanpling Pixels words al i gned on octet# pgroup

R R - o e e e oo s S R +
| 4:2:0 | 4 | 6*10 | 2*60/8 = 15 | 15 |
TSR Fomm - Fomm e o e a o S R, +
| 4:2:2 | 2 | 4*10 | 40/8 = 5 | 5 |
Fom oo Fomm o - Fomm e e o e e ek Fomm o +
| 4:4: 4 | 1 | 3*10 | 4*30/8 = 15 | 15 |
R R - o e e e oo s S R +

Tabl e 3. Col or subsanmpling and pgroups.
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5. RTP Packeti zation

The standard RTP header is followed by a 4 octet payl oad header, and
the payl oad data, as shown in Figure 3.

0 1 2 3
01234567890123456789012345678901
B S i i i S i e e

CcC | M PT | sequence# (low bits)

B S S R e T i ST i sl ol ST SR YU SR S S S >
time stanp |
B T i S ks a ai  E
ssrc |
B N e i i T R et o s S
sequence# (high bits) |FIV] Z | [ine no |
B e i s o ST S o S i S S S i aTuits SIS S R S S

F<t

+— +
)
+—= +
=
+= +

e+ +— +— +— +

SMPTE 292M dat a

Figure 3: RTP Packet showi ng SMPTE 292M headers and payl oad
5.1. The RTP Header

The following fields of the RTP fixed header are used for SMPTE 292M
encapsul ation (the other fields in the RTP header are used in their
usual manner):

Payl oad Type (PT): 7 bits
A dynanmically allocated payload type field that designates the
payl oad as SMPTE 292M

Ti mestanp: 32 bits
For a SMPTE 292M transport streamat 1.485 Gbps (or 1.485/1.001
Gops), the tinmestanmp field contains a 148.5 Mz (or 148.5/1.001
MHz) tinmestanp, respectively. This allows for a unique tinestanp
for each 10 bit word.

Marker bit (M: 1 bit
The Marker bit denotes the end of a video frame, and is set to 1
for the | ast packet of the video franme and is otherwi se set to O
for all other packets.
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Sequence Nunber (low bits): 16 bits
The | ow order bits for RTP sequence counter. The standard 16 bit
RTP sequence nunber is augnented with another 16 bits in the
payl oad header in order to acconmpdate the 1.485 CGops data rate of
SMPTE 292M

5.2. Payl oad Header

Sequence Number (high bits): 16 bits
The high order bits for the 32 bit RTP sequence counter, in
networ k byte order.

F: 1 bit
The F bit as defined in the SMPTE 292M tim ng signals (see Table
1). F=1 identifies field 2 and F=0 identifies field 1

V: 1 bit
The V bit as defined in the SMPTE 292M tim ng signals (see Table
1). V=1 during field blanking, and V=0 el se where.

Z: 2 bits
SHOULD be set to zero by the sender and MJST be ignored by
receivers.

Line No: 11 bits
The Iine nunber of the source data fornmat, extracted fromthe
SMPTE 292M stream (see Table 2). The line nunmber MJST correspond
to the line nunber of the first 10 bit word in the packet.

6. RTCP Consi derations

RFC 1889 shoul d be used as specified in RFC 1889 [3], which specifies
two limts on the RTCP packet rate: RTCP bandwi dth should be linited
to 5% of the data rate, and the minimum for the average of the

random zed interval s between RTCP packets should be 5 seconds.

Consi dering the high data rate of this payload format, the m ni num
interval is the governing factor in this case.

It should be noted that the sender’s octet count in SR packets wraps
around in 23 seconds, and that the cumul ative nunber of packets | ost
wraps around in 93 seconds. This neans these two fields cannot
accurately represent the octet count and nunber of packets |ost since
the beginning of transm ssion, as defined in RFC 1889. Therefore,
for network nonitoring purposes or any other application that
requires the sender’s octet count and the cunul ative nunber of
packets | ost since the beginning of transm ssion, the application
itself nust keep track of the number of rollovers of these fields via
a counter.
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7. 1 ANA Consi derations

Thi s docunent defines a new RTP payl oad fornmat and associated M ME

type, SMPTE292M The M ME registration formfor SMPTE 292M vi deo is

encl osed bel ow.

M ME nedia type nane: video

M ME subtype nane: SMPTE292M

Requi red paraneters: rate
The RTP tinmestanp clock rate. The clock runs at either 148500000
Hz or 148500000/1.001 Hz. |If the latter rate is used a tinestanp
of 148351648 MJST be used, and receivers MJIST interpret this as
148500000/ 1. 001 Hz.

Opti onal parameters: pgroup
The RECOMMENDED grouping for aligning 10 bit words and octets.
Defaults to 1 octet, if not present.

Encodi ng consi derati ons: SMPTE292M vi deo can be transmitted with RTP
as specified in RFC 3497.

Security considerations: see RFC 3497 section 9.
Interoperability considerations: NONE

Publ i shed specification: SMPTE292M
RFC 3497

Applications which use this nmedia type
Vi deo communi cati on.

Addi tional information: None

Magi ¢ nunber(s): None

File extension(s): None

Maci ntosh File Type Code(s): None

Person & emai| address to contact for further information:
Ladan Charai <l|adan@ si.edu>

| ETF AVT wor ki ng group

I nt ended usage: COVMON
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Aut hor/ Change controll er
Ladan Gharai <l adan@si.edu>

8. Mapping to SDP Paraneters
Paraneters are nmapped to SDP [14] as foll ows:

nrvi deo 30000 RTP/ AVP 111
a=rtpmap: 111 SMPTE292M 148500000
a=fmt p: 111 pgroup=5

In this exanple, a dynam c payl oad type 111 is used for SMPTE292M
The RTP tinmestanp is 148500000 Hz and the SDP paraneter pgroup

i ndicates that for video data after the SAV signal, it nust be
packetized in multiples of 5 octets.

9. Security Considerations

RTP sessions using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [3] and any appropriate RTP profile (e.g., [4]).

Thi s payl oad format does not exhibit any significant non-uniformty
in the receiver side conputational conplexity for packet processing
to cause a potential denial-of-service threat for intended receivers.

The bandwi dth of this payload format is high enough (1.485 Gops

wi t hout the RTP overhead) to cause potential for denial-of-service if
transmtted onto nost currently available Internet paths. Since
congestion control is not possible for SMPTE 292M over RTP fl ows, use
of the payl oad SHOULD be narrowWy linmted to suitably connected
networ k endpoi nts, or to networks where QS guarantees are avail abl e.

I f QoS enhanced service is used, RTP receivers SHOULD nonitor 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
recei ving best-effort service and behave accordingly.

If best-effort service is being used, RTP receivers MJST nonitor
packet |loss to ensure that the packet loss rate is within acceptable
paranmeters and MUST | eave the session if the loss rate is too high
The loss rate is considered acceptable if a TCP fl ow across the sane
networ k path, experiencing the same network conditions, would achieve
an average throughput, neasured on a reasonable tinmescale, that is
not less than the RTP flow is achieving. Since congestion control is
not possible for SMPTE 292M fl ows, this condition can only be
satisfied if receivers |leave the session if the loss rate is
unaccept abl y hi gh.
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14. Full Copyright Statenent
Copyright (C The Internet Society (2003). Al Rights Reserved.

Thi s docunent and translations of it may be copied and furnished to
ot hers, and derivative works that conment on or otherwi se explain it
or assist inits inplenentation may be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng Internet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into |anguages ot her than
Engl i sh.

The Iimted perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF THE | NFORVATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE
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