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Key Words
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [9].

1. Introduction

The Joi nt Phot ographi ¢ Experts Group (JPEG standard [1,2,3] defines

a family of conpression algorithms for continuous-tone, still imnages.
This still image conpression standard can be applied to video by
conpressing each frame of video as an independent still image and

transnitting themin series. Video coded in this fashion is often
call ed Mdtion-JPEG

We first give an overview of JPEG and then describe the specific
subset of JPEG that is supported in RTP and the nechani sm by which
JPEG frames are carried as RTP payl oads.

The JPEG standard defines four nodes of operation: the sequential DCT
node, the progressive DCT node, the | ossless node, and the

hi erarchi cal node. Depending on the node, the inmage is represented
in one or nore passes. Each pass (called a frame in the JPEG
standard) is further broken down into one or nore scans. Wthin each
scan, there are one to four conponents, which represent the three
conmponents of a color signal (e.g., "red, green, and blue", or a

| um nance signal and two chrom nance signals). These conmponents can
be encoded as separate scans or interleaved into a single scan.

Each frame and scan is preceded with a header containing optional
definitions for conpression paranmeters |ike quantization tables and
Huf f man codi ng tables. The headers and optional paraneters are
identified with "markers" and conprise a marker segnent; each scan
appears as an entropy-coded bit streamw thin two narker segnents.
Mar kers are aligned to byte boundaries and (in general) cannot appear
in the entropy-coded segnment, allow ng scan boundaries to be

determ ned without parsing the bit stream

Conpressed data is represented in one of three formats: the

i nterchange format, the abbreviated format, or the table-
specification format. The interchange format contains definitions
for all the tables used by the entropy-coded segnents, while the
abbrevi ated format might omt some assuming they were defined out-
of -band or by a "previous" imge.

The JPEG standard does not define the nmeaning or format of the

conmponents that conprise the image. Attributes |ike the color space
and pi xel aspect ratio nmust be specified out-of-band with respect to
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the JPEG bit stream The JPEG File Interchange Format (JFIF) [4] is
a de-facto standard that provides this extra information using an
application nmarker segnent (APPO). Note that a JFIF file is sinply a
JPEG i nterchange fornmat inmage along with the APPO segnent. In the
case of video, additional paranmeters nust be defined out-of - band
(e.g., frane rate, interlaced vs. non-interlaced, etc.).

Wil e the JPEG standard provides a rich set of algorithnms for

fl exi ble conpression, cost-effective hardware inplenmentations of the
full standard have not appeared. |I|nstead, nost hardware JPEG vi deo
codecs inplenent only a subset of the sequential DCT node of
operation. Typically, marker segnents are interpreted in software
(which "re-prograns” the hardware) and the hardware is presented with
a single, interleaved entropy-coded scan represented in the YW col or
space.

The scan contai ns an ordered sequence of M ni mum Coded Units, or
MCUs, which are the snmallest group of inmage data coded in a JPEG bit
stream Each MCU defines the inmage data for a small rectangul ar

bl ock of the output inmage.

Restart markers in the JPEG data denote a point where the decoder
should reset its state. As defined by JPEG restart markers are the
only type of marker that may appear enbedded in the entropy-coded
segnent, and they nay only appear on an MCU boundary. A "restart
interval" is defined to be a block of data containing a restart

mar ker followed by sonme fixed nunber of MCUs. An exception is nade
for the first restart interval in each frame, which omits the initial
restart marker and just begins with the MCU data. Wen these markers
are used, each frane is conposed of sonme fixed nunber of back-to-back
restart intervals.

2. JPEG Over RTP

To maxinize interoperability anbng hardware-based codecs, we assune
the sequential DCT operating node [1, Annex F] and restrict the set of
predefi ned RTP/JPEG "type codes" (defined below) to single-scan
interleaved images. Wile this is nmore restrictive than even
basel i ne JPEG, many hardware inplenentation fall short of the
basel i ne specification (e.g., nost hardware cannot decode non-

i nterleaved scans).

In practice, nost of the table-specification data rarely changes from
frame to frame within a single video stream Therefore RTP/JPEG data
is represented in abbreviated format, with all of the tables omtted
fromthe bit stream where possible. Each frane begins inmediately
with the (single) entropy-coded scan. The information that would
otherwi se be in both the frame and scan headers is represented
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entirely within the RTP/JPEG header (defined below) that |ies between
t he RTP header and the JPEG payl oad.

Wil e paranmeters |ike Huf fnman tabl es and col or space are likely to
remain fixed for the lifetine of the video stream other paraneters
shoul d be allowed to vary, notably the quantization tables and image
size (e.g., to inplenment rate-adaptive transm ssion or allow a user
to adjust the "quality level" or resolution manually). Thus explicit
fields in the RTP/JPEG header are allocated to represent this
information. Since only a small set of quantization tables are
typically used, we encode the entire set of quantization tables in a
smal|l integer field. Custom zed quantization tables are accomvodat ed
by using a special range of values in this field, and then placing
the tabl e before the beginning of the JPEG payl oad. The inmage w dth
and hei ght are encoded explicitly.

Because JPEG franmes are typically larger than the underlying
networ k’ s maxi num packet size, franes nust often be fragnmented into
several packets. One approach is to allow the network |ayer bel ow
RTP (e.g., IP) to performthe fragnentati on. However, this precludes
rate-controlling the resulting packet streamor partial delivery in
the presence of loss, and frames may be larger than the naxi num
network | ayer reassenbly length (see [10] for nore information). To
avoid these limtations, RTP/JPEG defines a sinple fragnmentati on and
reassenbly schene at the RTP | evel

3. RTP/ JPEG Packet For mat

The RTP tinestanp is in units of 90000Hz. The sane tinmestanp MJST
appear in each fragnment of a given frame. The RTP marker bit MJST be
set in the last packet of a frane.

3.1. JPEG header

Each packet contains a special JPEG header which i mediately foll ows
the RTP header. The first 8 bytes of this header, called the "main
JPEG header", are as follows:

0 1 2 3

01234567890123456789012345678901
T I T i o ST S S S I mi s o S S S S

| Type-specific | Fragnent O f set
il s T T S S S S S i N T i ST S S S S S e e L T 2
| Type | Q | W dt h | Hei ght

T T S T i S e T i S S S S
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Al'l fields in this header except for the Fragnent O fset field MJST
remain the same in all packets that correspond to the sanme JPEG
franme.

A Restart Marker header and/or Quantization Tabl e header may foll ow
this header, depending on the values of the Type and Q fi el ds.

3.1.1. Type-specific: 8 bits

Interpretati on depends on the value of the type field. I1f no
interpretation is specified, this field MUST be zeroed on
transm ssion and ignored on reception

3.1.2. Fragnment O fset: 24 bits

The Fragnment Offset is the offset in bytes of the current packet in
the JPEG frame data. This value is encoded in network byte order
(most significant byte first). The Fragment O fset plus the length of
the payl oad data in the packet MJST NOT exceed 2724 bytes.

3.1.3. Type: 8 bhits

The type field specifies the information that woul d ot herw se be
present in a JPEG abbrevi ated tabl e-specification as well as the

addi tional JFIF-style paraneters not defined by JPEG Types 0-63 are
reserved as fixed, well-known mappi ngs to be defined by this docunent
and future revisions of this docunent. Types 64-127 are the sane as
types 0-63, except that restart markers are present in the JPEG data
and a Restart Marker header appears immediately follow ng the main
JPEG header. Types 128-255 are free to be dynamically defined by a
sessi on setup protocol (which is beyond the scope of this docunent).

3.1.4. Q 8 bits

The Q field defines the quantization tables for this frane. Q val ues
0-127 indicate the quantization tables are conputed using an

al gorithm determined by the Type field (see below). Q values 128-255
indicate that a Quanti zation Tabl e header appears after the main JPEG
header (and the Restart Marker header, if present) in the first

packet of the franme (fragnment offset 0). This header can be used to
explicitly specify the quantization tables in-band.

3.1.5. Wdth: 8 bits
This field encodes the width of the inmage in 8-pixel nmultiples (e.qg.

a width of 40 denotes an i mage 320 pi xels wide). The naxi mum wi dth
is 2040 pixels.
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3.1.6. Height: 8 bits

This field encodes the height of the image in 8-pixel nultiples
(e.g., a height of 30 denotes an inmage 240 pixels tall). Wen
encoding interlaced video, this is the height of a video field, since
fields are individually JPEG encoded. The nmaxi mum hei ght is 2040

pi xel s.

3.1.7. Restart Marker header

Thi s header MJST be present imediately after the main JPEG header
when using types 64-127. It provides the additional information
required to properly decode a data stream contai ning restart narkers.

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
| Restart Interval | FI L] Restart Count |
il s T T S S S S S i N T i ST S S S S S e e L T 2

The Restart Interval field specifies the nunber of MCUs that appear
between restart markers. It is identical to the 16 bit val ue that
woul d appear in the DRI marker segnent of a JFIF header. This val ue
MUST NOT be zero.

If the restart intervals in a frame are not guaranteed to be aligned
wi th packet boundaries, the F (first) and L (last) bits MJST be set
to 1 and the Restart Count MJUST be set to Ox3FFF. This indicates
that a receiver MJST reassenble the entire frame before decoding it.

To support partial frane decoding, the frame is broken into "chunks"
each containing an integral nunmber of restart intervals. The Restart
Count field contains the position of the first restart interval in
the current "chunk” so that receivers know which part of the frane
this data corresponds to. A Restart Interval value SHOULD be chosen

to allow a "chunk” to conpletely fit within a single packet. 1In this
case, both the F and L bits of the packet are set to 1. However, if
a chunk needs to be spread across multiple packets, the F bit will be

set to 1 in the first packet of the chunk (and only that one) and the
L bit will be set to 1 in the last packet of the chunk (and only that
one).

3.1.8. Quantization Tabl e header
Thi s header MJUST be present after the main JPEG header (and after the
Restart Marker header, if present) when using Q values 128-255. |t

provides a way to specify the quantization tables associated with
this Q val ue in-band.
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0 1 2 3
01234567890123456789012345678901
T o i T S o T s T S e e i S S i St S S S
| VBZ | Preci si on | Lengt h |
T o i T S o T s T S e e i S S i St S S S
| Quanti zati on Tabl e Data |
I : I

T T S T S S e T S S S e s S S

The Length field is set to the length in bytes of the quantization
table data to follow. The Length field MAY be set to zero to

i ndicate that no quantization table data is included in this frane.
See section 4.2 for nore information. |If the Length field in a
recei ved packet is larger than the remai ning nunber of bytes, the
packet MJUST be di scarded.

When table data is included, the nunber of tables present depends on
the JPEG type field. For exanple, type 0 uses two tables (one for

t he | um nance conponent and one shared by the chroni nance
conponents). Each table is an array of 64 values given in zig-zag
order, identical to the format used in a JFIF DQI marker segnent.

For each quantization table present, a bit in the Precision field

specifies the size of the coefficients in that table. |If the bit is
zero, the coefficients are 8 bits yielding a table I ength of 64
bytes. If the bit is one, the coefficients are 16 bits for a table

length of 128 bytes. For 16 bit tables, the coefficients are
presented in network byte order. The rightnost bit in the Precision
field (bit 15 in the di agram above) corresponds to the first table
and each additional table uses the next bit to the left. Bits beyond
those corresponding to the tables needed by the type in use MJST be

i gnor ed.

For Q values from 128 to 254, the Q value to quantization table data
mappi ng MJUST be static, i.e., the receivers are guaranteed that they
only need to read the table data once in order to correctly decode
frames sent with that Q value. A Q value of 255 denotes that the
quanti zation table mapping is dynam c and can change on every frane.
Decoders MJST NOT depend on any previous version of the tables, and
need to reload these tables on every frane. Packets MJST NOT contain
Q = 255 and Length = 0.

3.1.9. JPEG Payl oad
The data follow ng the RTP/JPEG headers is an entropy-coded segment
consisting of a single scan. The scan header is not present and is

inferred fromthe RTP/JPEG header. The scan is term nated either
implicitly (i.e., the point at which the inmage is fully parsed), or
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explicitly with an EO marker. The scan nmay be padded to arbitrary

I ength with undefined bytes. (Sonme existing hardware codecs generate
extra lines at the bottomof a video frame and renpval of these lines
woul d require a Huf f man- decodi ng pass over the data.)

The type code determ nes whether restart nmarkers are present. If a
type supports restart narkers, the packet MJST contain a non-zero
Restart Interval value in a Restart Marker Header and restart narkers
MUST appear on byte aligned boundaries begi nning with an OxFF between
MCUs at that interval. Additional OxFF bytes MAY appear between
restart intervals. This can be used in the packetization process to
align data to sonething like a word boundary for nore efficient
copying. Restart narkers MJUST NOT appear anywhere else in the JPEG
payl oad. Types which do not support restart makers MJST NOT contain
restart nmarkers anywhere in the JPEG payl oad. Al packets MJST
contain a "stuffed" 0x00 byte followi ng any true OxFF byte generated
by the entropy coder [1, Sec. B.1.1.5].

4. Discussion
4.1. The Type Field

The Type field defines the abbreviated tabl e-specification and
addi tional JFIF-style paranmeters not defined by JPEG since they are
not present in the body of the transmtted JPEG dat a.

Three ranges of the type field are currently defined. Types 0-63 are
reserved as fixed, well-known mappi ngs to be defined by this docunent
and future revisions of this docunent. Types 64-127 are the sanme as
types 0-63, except that restart markers are present in the JPEG data
and a Restart Marker header appears immediately follow ng the main
JPEG header. Types 128-255 are free to be dynamically defined by a
sessi on setup protocol (which is beyond the scope of this docunent).

O the first group of fixed mappings, types 0 and 1 are currently
defined, along with the correspondi ng types 64 and 65 that indicate
the presence of restart narkers. They correspond to an abbrevi ated
tabl e-specification indicating the "Baseline DCT sequential" node,
8-bit sanples, square pixels, three conmponents in the YW col or
space, standard Huffman tables as defined in [1, Annex K 3], and a
single interleaved scan with a scan conmponent sel ector indicating
conponents 1, 2, and 3 in that order. The Y, U and V color planes
correspond to conponent nunbers 1, 2, and 3, respectively. Conponent
1 (i.e., the luninance plane) uses Huffman table nunber 0 and
quanti zation table nunber 0 (defined bel ow) and conponents 2 and 3
(i.e., the chrom nance planes) use Huffrman table nunber 1 and
quanti zation table nunber 1 (defined bel ow).
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Type nunbers 2-5 are reserved and SHOULD NOT be used. Applications
based on previous versions of this docunment (RFC 2035) should be
updated to indicate the presence of restart markers with type 64 or
65 and the Restart Marker header.

The two RTP/JPEG types currently defined are described bel ow

hori zont al verti cal Quanti zation
types conponent sanp. fact. sanp. fact. table nunber

I T S S S R T S S A LR e
I | 1(Y) | 2 I 1 I 0 I
| 0, 64| 2 (U | 1 I 1 I 1 I
I | 3 (V) | 1 I 1 I 1 I
T S S S T i S S S el =
I | 1(Y) | 2 I 2 I 0 I
| 1, 65| 2 (U | 1 I 1 I 1 I
I | 3 (V) | 1 I 1 I 1 I
T S S S T i S S S el =

These sanmpling factors indicate that the chrom nance conponents of
type O video is downsanpl ed horizontally by 2 (often called 4:2:2)
whi |l e the chromi nance conponents of type 1 video are downsanpl ed both
hori zontally and vertically by 2 (often called 4:2:0).

Types 0 and 1 can be used to carry both progressively scanned and
interlaced inage data. This is encoded using the Type-specific field
in the main JPEG header. The follow ng val ues are defi ned:

O : Image is progressively scanned. On a computer nonitor, it can
be displayed as-is at the specified wi dth and hei ght.

1: Imge is an odd field of an interlaced video signal. The
hei ght specified in the main JPEG header is half of the hei ght
of the entire displayed inage. This field should be de-
interlaced with the even field followng it such that |ines
fromeach of the inmages alternate. Corresponding |ines from
the even field should appear just above those sanme |ines from
the odd field.

2 : Image is an even field of an interlaced video signal.

3: Imge is a single field froman interlaced video signal, but
it should be displayed full frame as if it were received as
both the odd & even fields of the frame. On a conputer
nonitor, each line in the i mage should be displayed twi ce,
doubling the hei ght of the inmage.
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Appendi x B contains C source code for transform ng the RTP/ JPEG
header paraneters into the JPEG frame and scan headers that are
absent fromthe data payl oad.

4.2. The Q Field

For JPEG types 0 and 1 (and their corresponding types 64 and 65), Q
val ues between 1 and 99 inclusive are defined as follows. O her

val ues | ess than 128 are reserved. Additional types are encouraged
to use this definition if applicable.

Both type 0 and type 1 JPEG require two quanti zation tables. These
tables are calculated as follows. For 1 <= Q <= 99, the | ndependent
JPEG Group’s formula [5] is used to produce a scale factor S as:

S =5000/ Q for 1 <= Q<= 50
200 - 2 * Q for 51 <= Q <= 99

This value is then used to scale Tables K. 1 and K 2 from/[1]
(saturating each value to 8 bits) to give quantization table nunbers
0 and 1, respectively. C source code is provided in Appendix Ato
comput e these tables.

For Q val ues 128-255, dynanically defined quantization tables are
used. These tables may be specified either in-band or out of band by
something like a session setup protocol, but the Quantization Table
header MJUST be present in the first packet of every frame. Wen the
tabl es are specified out of band, they nay be omtted fromthe packet
by setting the Length field in this header to 0.

When the quantization tables are sent in-band, they need not be sent
with every frame. Like the out of band case, franes which do not
contain tables will have a Quantization Table header with a Length
field of 0. Wile this does decrease the overhead of including the
tabl es, new receivers will be unable to properly decode frames from
the time they start up until they receive the tables.

4.3. Fragnentation and Reassenbly

Since JPEG franes can be large, they nust often be fragnented.
Frames SHOULD be fragnented into packets in a manner avoi di ng
fragnentation at a lower level. |If support for partial frane
decoding is desired, frames SHOULD be fragnmented such that each
packet contains an integral nunmber of restart intervals (see bel ow).

Each packet that nakes up a single frane MJST have the sane

timestanp, and the RTP marker bit MJST be set on the | ast packet in a
frame. The fragment offset field of each packet is set to the byte
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offset of its payload data within the original frame. Packets making
up a frane SHOULD be sent sequentially and the fragments they contain
MUST NOT overl ap one anot her.

An entire frame can be identified as a sequence of packets begi nning
with a packet having a zero fragnent offset and ending with a packet
having the RTP marker bit set. M ssing packets can be detected
either with RTP sequence nunbers or with the fragment offset and

| engt hs of each packet. Reassenbly could be carried out wthout the
offset field (i.e., using only the RTP marker bit and sequence
nunbers), but an efficient single-copy inplenentation would not

ot herwi se be possible in the presence of m sordered packets.
Moreover, if the |ast packet of the previous frame (containing the
mar ker bit) were dropped, then a receiver could not always detect
that the current frane is entirely intact.

4.4. Restart Markers

Restart markers indicate a point in the JPEG stream at which the
Huf f man decoder and DC predictors are reset, allow ng parti al
decoding starting at that point. To fully take advantage of this,
however, a decoder nust know which MCUs of a frame a particul ar
restart interval encodes. Wile the original JPEG specification does
provide a small sequence nunber field in the restart nmarkers for this
purpose, it is not large enough to properly cope with the loss of an
entire packet’s worth of data at a typical network MIU size. The
RTP/ JPEG Restart Marker header contains the additional infornmation
needed to acconplish this.

The size of restart intervals SHOULD be chosen to al ways al |l ow an

i ntegral nunber of restart intervals to fit within a single packet.
This will guarantee that packets can be decoded i ndependently from
one another. |If a restart interval ends up being |larger than a
packet, the F and L bits in the Restart Marker header can be used to
fragment it, but the resulting set of packets mnmust all be received by
a decoder for that restart interval to be decoded properly.

Once a decoder has received either a single packet with both the F
and L bits set on or a contiguous sequence of packets (based on the
RTP sequence nunber) which begin with an F bit and end with an L bit,
it can begin decoding. The position of the MCU at the begi nning of
the data can be determined by nmultiplying the Restart Count val ue by
the Restart Interval value. A packet (or group of packets as
identified by the F and L bits) may contain any nunber of consecutive
restart intervals.

To acconmodat e encoders which generate frames with restart markers in
them but cannot fragnent the data in this manner, the Restart Count
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field my be set to OXx3FFF with the F and L bits both set to 1. This
indicates to decoders that the entire franme nust be reassenbl ed
before decoding it.

5. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [6], and any appropriate RTP profile (for exanple [7]).
This inplies that confidentiality of the nedia streans is achi eved by
encryption. Because the data conpression used with this payl oad
format is applied end-to-end, encryption nay be perforned after
conpression so there is no conflict between the two operations.

A potential denial-of-service threat exists for data encodi ngs using
conpressi on techni ques that have non-uniformreceiver-end
conmput ati onal |oad. The attacker can inject pathol ogical datagrans
into the streamwhich are conplex to decode and cause the receiver to
be overl oaded. However, this encodi ng does not exhibit any
significant non-uniformty.

Anot her potential denial-of-service threat exists around the
fragment ati on nmechani sm presented here. Receivers should be prepared
tolimt the total anmount of data associated with assenbling received
frames so as to avoid resource exhaustion

As with any | P-based protocol, in some circunstances a receiver my
be overl oaded sinply by the recei pt of too many packets, either
desired or undesired. Network-Ilayer authentication nay be used to
di scard packets from undesired sources, but the processing cost of
the authentication itself nay be too high. In a nulticast

envi ronnent, pruning of specific sources will be inplenmented in a
future version of IGW [8] and in nulticast routing protocols to
allow a receiver to select which sources are allowed to reach it.

A security review of this payload fornmat found no additiona
consi derati ons beyond those in the RTP specification.
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Appendi x A

The followi ng code can be used to create a quantization table froma
Q factor:

/*

* Table K 1 from JPEG spec.

*/

static const int jpeg_luma_quantizer[64] = {
16, 11, 10, 16, 24, 40, 51, 61,
12, 12, 14, 19, 26, 58, 60, 55,
14, 13, 16, 24, 40, 57, 69, 56
14, 17, 22, 29, 51, 87, 80, 62,
18, 22, 37, 56, 68, 109, 103, 77
24, 35, 55, 64, 81, 104, 113, 92
49, 64, 78, 87, 103, 121, 120, 101
72, 92, 95, 98, 112, 100, 103, 99

b

/*
* Table K 2 from JPEG spec.
*/
static const int jpeg_chroma_quantizer[64] = {
17, 18, 24, 47, 99, 99, 99, 99,
18, 21, 26, 66, 99, 99, 99, 99,
24, 26, 56, 99, 99, 99, 99, 99,
47, 66, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99
1

/*
* Call MakeTables with the Q factor and two u_char[64] return arrays
*/
voi d
MakeTabl es(int g, u_char *Iqt, u_char *cqt)
{
int i;
int factor = q;

if (g <1) factor =1
if (g >99) factor = 99;
if (g < 50)
g = 5000 / factor
el se
g = 200 - factor*2
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for (i=0; i < 64; i++) {
int g = (jpeg_luma_quantizer[i] * q + 50) / 100;
int cq = (jpeg_chronma_quantizer[i] * q + 50) / 100;
/* Limt the quantizers to 1 <= q <= 255 */

if (lg<1) lg=1;

else if (lq > 255) | q = 255;

lat[i] = 1aq;

if (cq <1) cq = 1;
else if (cq > 255) cq
cqt[i] = cq;

255;
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Appendi x B

The followi ng routines can be used to create the JPEG marker segnents
corresponding to the tabl e-specification data that is absent fromthe
RTP/ JPEG body.

u_char lumdc_codelens[] = {
o, 14, 5,1, 1, 1, 1, 1, 1, o, O, O, O, O, O, O,
1

u_char lumdc_synbol s[] = {
0, 1, 2, 3, 4 5 6, 7, 8 9, 10, 11,
b

u_char lum.ac_codelens[] = {
0, 2, 1, 3, 3, 2, 4, 3, 5, 5 4, 4, 0, 0, 1, 0x7d,
1

u_char lum.ac_synbols[] = {

0x01, 0x02, 0x03, 0x00, 0x04, 0x11, 0x05, 0x12,
0Ox21, O0x31, 0x41, 0x06, O0x13, 0x51, O0x61, 0x07
0x22, Ox71, O0x14, 0x32, 0x81, 0x91, Oxal, 0x08,
0x23, 0x42, Oxbl, Oxcl, 0x15, 0x52, 0xdl, OxfO,
0x24, 0x33, 0x62, 0x72, 0x82, 0x09, O0x0a, 0x16
Ox17, 0x18, 0x19, Oxla, 0x25, 0x26, 0x27, 0x28,
0x29, Ox2a, 0x34, 0x35, 0x36, 0x37, 0x38, 0x39,
Ox3a, 0x43, 0x44, 0x45, 0x46, 0x47, 0x48, 0x49,
Ox4a, 0x53, 0x54, 0x55, 0x56, 0x57, 0x58, 0x59,
Ox5a, 0x63, 0x64, 0x65, 0x66, 0x67, 0x68, 0x69,
Ox6a, O0x73, O0x74, 0x75, 0x76, Ox77, 0x78, 0x79,
Ox7a, 0x83, 0x84, 0x85, 0x86, 0x87, 0x88, 0x89,
Ox8a, 0x92, 0x93, 0x94, 0x95, 0x96, 0x97, 0x98,
0x99, O0x9a, Oxa2, Oxa3, Oxa4, Oxab, Oxa6, Oxa7,
Oxa8, 0xa9, Oxaa, O0xb2, 0xb3, 0xb4, O0xb5, 0xb6,
Oxb7, O0xb8, 0xb9, Oxba, 0xc2, 0xc3, 0xc4, O0xc5,
Oxc6, Oxc7, 0xc8, 0xc9, Oxca, 0xd2, 0xd3, 0xd4,
Oxd5, O0xd6, 0xd7, 0xd8, 0xd9, Oxda, Oxel, Oxe2
Oxe3, Oxe4, 0Oxeb, Oxe6, Oxe7, 0xe8, 0xe9, Oxea,
Oxf1l, Oxf2, Oxf3, Oxf4, Oxf5, Oxf6, Oxf7, OxfS8,
0xf9, Oxfa,

H

u_char chmdc_codel ens[] = {
o, 3 1, 1, 1, 1, 1, 1, 1, 1, 1, 0O, O, O, O, O,
1

u_char chm.dc_synbol s[] = {
0, 1, 2, 3, 4, 5,6, 7, 8 9, 10, 11,
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H

u_char chm ac_codel ens[] = {
0, 2, 1, 2, 4, 4, 3, 4, 7, 5, 4, 4, 0, 1, 2, 0Ox77,
1

u_char chm.ac_synbol s[] = {
0x00, O0x01, 0x02, 0x03, Ox11, 0x04, O0x05, O0x21,
0x31, O0x06, O0x12, 0x41, O0x51, 0x07, Ox61, Ox71
0x13, 0x22, 0x32, 0x81, 0x08, 0x14, 0x42, 0x91
Oxal, Oxbl, Oxcl, 0x09, 0x23, 0x33, 0x52, O0xfO,
0x15, 0x62, O0x72, 0Oxdl, OxOa, O0x16, 0x24, 0x34,
Oxel, 0x25, Oxf1, Ox17, 0x18, 0x19, Oxla, 0x26,
0x27, 0x28, 0x29, O0x2a, 0x35, 0x36, 0x37, 0x38,
0x39, Ox3a, 0x43, 0x44, 0x45, 0x46, 0x47, 0x48,
0x49, Ox4a, 0x53, 0x54, O0x55, 0x56, 0x57, 0x58,
0x59, Oxb5a, 0x63, 0x64, 0x65, 0x66, 0x67, 0x68,
0x69, Ox6a, O0x73, 0x74, O0x75, 0x76, Ox77, 0x78,
0x79, Ox7a, 0x82, 0x83, 0x84, 0x85, 0x86, 0x87
0x88, 0x89, 0x8a, 0x92, 0x93, 0x94, 0x95, 0x96
0x97, 0x98, 0x99, O0x9a, Oxa2, Oxa3, 0Oxa4, O0Oxab,
Oxa6, Oxa7, Oxa8, 0xa9, Oxaa, O0xb2, 0xb3, O0xb4,
Oxb5, O0xb6, 0Oxb7, 0xb8, O0xb9, Oxba, O0xc2, 0xc3,
Oxc4, 0xcb5, 0xc6, 0xc7, 0xc8, 0xc9, Oxca, 0xd2
0Oxd3, O0xd4, 0xd5, 0xd6, Oxd7, 0xd8, 0xd9, Oxda,
Oxe2, 0Oxe3, 0Oxe4, O0xeb, Oxe6, Oxe7, 0xe8, 0xe9,
Oxea, Oxf2, Oxf3, Oxf4, Oxf5, Oxf6, Oxf7, OxfS8,

0xf9, Oxfa,
1
u_char *
MakeQuant Header (u_char *p, u_char *qgt, int tableNo)
{
*p++ = Oxff;
*p++ = Oxdb; [* DQT */
*p++ = 0; /* length nmeb */
*p++ = 67; /* length Isb */
*p++ = tabl eNo;
mencpy(p, qt, 64);
return (p + 64);
}
u_char *

MakeHuf f manHeader (u_char *p, u_char *codel ens, int ncodes,
u_char *synbols, int nsynbols, int tableNo,
i nt tabl ed ass)

*p++ = Oxff;
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*p++ = 0xc4; [* DHT */

*p++ = 0; /* length nmeb */

*p++ = 3 + ncodes + nsynbols; /* length Isb */
*p++ = (tabled ass << 4) | tabl eNo;

nmencpy(p, codel ens, ncodes);
p += ncodes;

mencpy(p, synbols, nsynbols);
p += nsynbol s;

return (p);
}
u_char *
MakeDRI Header (u_char *p, u_short dri) {
*p++ = Oxff;
*p++ = Oxdd,; /* DRI */
*p++ = 0x0; /* length msb */
*pt+ = 4; /* length Isb */
*p++ = dri >> 8; /[* dri msb */
*p++ = dri & Oxff; [* dri Isb */
return (p);
}
/*
* Argunents:
* type, width, height: as supplied in RTP/JPEG header
* I gt, cqt: quantization tables as either derived from
* the Q field using MakeTabl es() or as specified
* in section 4. 2.
* dri: restart interval in MCUs, or O if no restarts.
*
* p: pointer to return area
*
* Return val ue:
* The length of the generated headers.
*
* Cenerate a franme and scan headers that can be prepended to the
* RTP/ JPEG dat a payl oad to produce a JPEG conpressed inmage in
* i nterchange format (except for possible trailing garbage and
* absence of an EQ nmarker to terninate the scan).
*/

i nt MakeHeaders(u_char *p, int type, int w, int h, u_char *lqt,
u_char *cqt, u_short dri)
{

u_char *start = p;
/* convert from bl ocks to pixels */

w <<= 3;
h <<= 3;
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*p++ = Oxff;
*p++ = 0xd8; [* SA */
p = MakeQuant Header (p, I qt, 0);
p = MakeQuant Header (p, cqt, 1);
if (dri !'=0)

p = MakeDRI Header (p, dri);
*p++ = Oxff;
*p++ = 0xcO; /* SOF */
*p++ = 0; /* length nmeb */
*p++ = 17; /* length Isb */
*p++ = 8§; * 8-bit precision */
*p++ = h >> §; /* height msb */
*p++ = h; /* height Isb */
*p++ = w >> §; * wwdth nmsb */
*prt+ = W, /* wudth |Isb */
*p++ = 3; /* nunber of conponents
*p++ = 0; /* comp O */
if (type == 0)

*p++ = 0x21; /[* hsanmp = 2, vsanp =
el se

*p++ = 0x22; /[* hsanmp = 2, vsanp =
*p++ = 0; /* quant table 0 */
*pr+ = 1, /* comp 1 */
*p++ = 0Ox11; [* hsamp = 1, vsanp =
*p++ = 1; /* quant table 1 */
*prt+ = 2; /* comp 2 */
*p++ = 0Ox11; [* hsamp = 1, vsanp =
*pr+ = 1, /* quant table 1 */

p = Nhkeﬁuffnankbader(p, | um dc_codel ens,

©
1

©
1

©
1

al .

si zeof (1 um_ dc_codel ens),
| um dc_synbol s,
si zeof (1 um dc_synbol s),

MakeHuf f manHeader (p, | um ac_codel ens,

si zeof (1 um_ ac_codel ens),
| um ac_synbol s,
si zeof (1 um ac_synbol s),

MakeHuf f manHeader (p, chm dc_codel ens,

si zeof (chm dc_codel ens),
chm dc_synbol s,
si zeof (chm_ dc_synbol s),

MakeHuf f manHeader (p, chm ac_codel ens,

si zeof (chm ac_codel ens),
chm ac_synbol s,
si zeof (chm_ ac_synbol s),

St andards Track

0,

0,

1,

1,

*/

*/
*/

*/

*/

0);

1);

0);

1);
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*p++
*p++
*p++
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*p++

return
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}s
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Oxff;

Oxda; [* SOS */

0; /* length nmeb */

12; /* length Isb */

3; * 3 components */

0; [* conmp O */

0; [* huffman table 0 */
1; * comp 1 */

0x11 [* huffman table 1 */
2; [* comp 2 */

0x11 * huffrman table 1 */
0; [* first DCT coeff */
63; /* last DCT coeff */

0; /* sucessive appr ox.

(p - start);

St andards Track

*/
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Appendi x C

The following routine is used to illustrate the RTP/ JPEG packet
fragnentati on and header creation.

For clarity and brevity, the structure definitions are only valid for
32-bit big-endian (nost significant octet first) architectures. Bit
fields are assuned to be packed tightly in big-endian bit order, with
no additional padding. Mdifications would be required to construct a
portabl e inplenentation.

/*
* RTP data header from RFC1889
*/
typedef struct {
unsi gned int version: 2; /* protocol version */
unsigned int p:1; /* padding flag */
unsi gned int x:1; /* header extension flag */
unsi gned int cc:4; /* CSRC count */
unsi gned int m1; /* marker bit */
unsigned int pt:7 /* payl oad type */
u_intl6é seq; / * sequence number */
u_int32 ts; [* timestanmp */
u_int32 ssrc; /* synchroni zati on source */
u_int32 csrc[1]; /* optional CSRC list */
} rtp_hdr_t;

#define RTP_HDR _SZ 12

/* The followi ng definition is from RFC1890 */
#define RTP_PT_JPEG 26

str

H

uct j peghdr {

unsi gned int tspec:8; [* type-specific field */

unsi gned int off:24; /* fragnent byte offset */

u_int8 type; /* id of jpeg decoder parans */

u_int8 q; /* quantization factor (or table id) */
u_int8 w dth; /* frame width in 8 pixel blocks */

u_i nt8 height; /* frame height in 8 pixel blocks */

struct jpeghdr_rst {

u_intlé dri;
unsigned int f:1;
unsigned int |:1;
unsi gned i nt count: 14;
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struct jpeghdr_qtable {
u_int8 nbz;
u_int8 precision;
u_int16 | ength;

1

#defi ne RTP_JPEG RESTART 0x40

/* Procedure SendFrane:

*

* Argunents:

* start_seq: The sequence nunber for the first packet of the current
* frane.

* ts: RTP tinmestanp for the current frame
* ssrc: RTP SSRC val ue

* j peg_data: Huffnman encoded JPEG scan data
* l en: Length of the JPEG scan data

* type: The value the RTP/JPEG type field should be set to
* typespec: The val ue the RTP/ JPEG type-specific field should be set
* to

* width: The width in pixels of the JPEG i mage

* hei ght: The height in pixels of the JPEG i mage

* dri: The nunber of MCUs between restart nmarkers (or O if there

* are no restart markers in the data

* g: The Q factor of the data, to be specified using the |Independent
* JPEG group’s algorithmif 1 <= g <= 99, specified explicitly

* with Iqt and cqt if q >= 128, or undefined ot herw se.

* I gt: The quantization table for the |lum nance channel if q >= 128
* cqt: The quanti zation table for the chroni nance channels if

* q >= 128

*

*

*

*

*

*

*

*

*

*

Return val ue:
t he sequence nunber to be sent for the first packet of the next
frane.

The followi ng are assuned to be defined:

PACKET_SI ZE - The size of the outgoing packet
send_packet (u_int8 *data, int len) - Sends the packet to the network
/

u_intlé SendFrame(u_intl1l6 start_seq, u_int32 ts, u_int32 ssrc,
u_int8 *jpeg_data, int len, u_int8 type,
u_int8 typespec, int width, int height, int dri,
uint8 g, u.int8 *Iqt, u_int8 *cqt) {
rtp_hdr_t rtphdr;
struct jpeghdr jpghdr;
struct jpeghdr_rst rsthdr;
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struct jpeghdr_qtabl e qtbl hdr;
u_i nt 8 packet _buf[ PACKET_SI ZE] ;
u_int8 *ptr;

int bytes left = len;

int seq = start_seq;

int pkt_len, data_len;

/* Initialize RTP header
*/
rtphdr.
rtphdr.
rtphdr.
rtphdr.
rtphdr. ;
rtphdr. = RTP_PT_JPEG
rtphdr.seq = start_seq;
rtphdr.ts = ts;
rtphdr.ssrc = ssrc;

sion = 2;

[

0;

0
0
0

T 30 XT <
— (@) [¢)

/* Initialize JPEG header
*

j pghdr.tspec = typespec;

j pghdr.off = 0;

j pghdr.type = type | ((dri !'=0) ? RTP_JPEG RESTART : 0);
jpghdr.q = q;

j pghdr.w d = width / 8;

j pghdr. hei ght = height / 8;

/* Initialize DRI header

*/
if (dri !'=0) {
rsthdr.dri = dri;
rsthdr.f = 1; /* This code does not align Ris */
rsthdr.l = 1;
rsthdr.count = Ox3fff;
}
/* Initialize quantization table header
*/

if (q >= 128) {
gt bl hdr. nbz = 0;
gt bl hdr. precision = 0; /* This code uses 8 bit tables only *

gtbl hdr.length = 128; [* 2 64-byte tables */
}

while (bytes left > 0) {
ptr = packet buf + RTP_HDR SZ;
nmencpy(ptr, & pghdr, sizeof(jpghdr));
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ptr += sizeof (j pghdr);

if (dri !'=0) {
mencpy(ptr, & sthdr, sizeof(rsthdr));
ptr += sizeof (rsthdr);

}

if (q >= 128 && jpghdr.of f ==
mencpy(ptr, &qtbl hdr, sizeof(qtblhdr));
ptr += sizeof (qtbl hdr);
mencpy(ptr, lqt, 64);
ptr += 64,
mencpy(ptr, cqt, 64);
ptr += 64,

}

data_| en = PACKET_SI ZE - (pt

if (data_len >= bytes_left)
data_len = bytes_le
rtphdr.m= 1;

r - packet_buf);
{
ft;

}

mencpy( packet buf, & tphdr, RTP_HDR SZ);
mencpy(ptr, jpeg_data + jpghdr.off, data_len);

send_packet (packet _buf, (ptr - packet_buf) + data_len);

j pghdr.of f += data_l en;
bytes left -= data_len
rtphdr. seq++;

}

return rtphdr. seq;
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Appendi x D

This section outlines the changes between this docunent and its
precdecessor, RFC 2035. The changes to the protocol were made with
an eye towards causing as few interoperability problens between

i npl enent ati ons based on the ol der text and newer inplenentations,
and i ndeed, nmany of the obsolete conventions can still be

unanbi guously decoded by a newer inplenentation. However, use of the
ol der conventions in newer inplenmentations is strongly discouraged.

0 Types 0 and 1 have been augnented to allow for the encoding of
interlaced video images, using 2 bits of the type-specific
field. See section 4.1 for details.

o There has been discussion in the working group arguing for nore
flexibility in specifying the JPEG quantization tables. This
meno all ows table coefficients to be specified explicitly
through the use of an optional Quantization Tabl e header,

di scussed in sections 3.1.8 and 4. 2.

0 In RFC 2035, the encoding of restart marker information in the
Type field made it difficult to add new types. Additionally, the
type- specific field was used for the restart count, naking it
unavail abl e for other type-specific purposes. This nmeno noves
the restart marker indication to a particular bit in the Type
field, and adds an optional header to hold the additional
information required, leaving the type-specific field free for
its intended purpose. The handling of partial franme decoding
was al so nade nore robust agai nst packet |oss. See sections
3.1.7 and 4.4 for details.
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Ful I Copyright Statenent
Copyright (C) The Internet Society (1998). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
ot hers, and derivative works that comment on or otherw 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 I nternet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into |Ianguages other than
Engli sh.

The limted 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 | NFORMATI 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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