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Status of this Meno

Thi s docunent specifies an Internet standards track protocol for the
Internet conmunity, and requests discussion and suggestions for

i mprovenents. 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 nenmo is unlimted.

Abst r act

This meno descri bes the RTP payl oad format for JPEG vi deo streans.
The packet format is optimzed for real-tine video streans where
codec paraneters change rarely fromframe to frane.

Thi s docunent is a product of the Audio-Video Transport working group
within the Internet Engineering Task Force. Coments are solicited
and shoul d be addressed to the working group’s nmailing list at rem
conf @s. net and/or the author(s).

1. Introduction

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

a famly of conpression algorithms for continuous-tone, still inages.
This still image conpression standard can be applied to video by
conpressi ng each frane of video as an independent still inage and

transmtting 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 nbde, the |ossl ess node, and the
hi erarchi cal node. Depending on the node, the inmage is represented
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in one or nore passes. Each pass (called a frane 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
conponents of a color signal (e.g., "red, green, and blue", or a

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

Each frane and scan is preceded with a header containing optiona
definitions for conpression paranmeters |ike quantization tables and
Huf f man codi ng tables. The headers and optional parameters are
identified with "markers” and conprise a marker segment; each scan
appears as an entropy-coded bit streamw thin two nmarker segnments.
Markers are aligned to byte boundaries and (in general) cannot appear
in the entropy-coded segnent, allow ng scan boundaries to be

det erm 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 table used in the by the entropy-coded segnents, while
the abbreviated format mnight omt sonme assuning they were defined
out - of -band or by a "previous" image.

The JPEG standard does not define the meaning or format of the
conponents that conprise the inage. Attributes |like the color space
and pi xel aspect ratio must be specified out-of-band with respect to
the JPEG bit stream The JPEG File Interchange Format (JFIF) [4] is
a defacto standard that provides this extra information using an
application marker segnment (APPO). Note that a JFIF file is sinmply a
JPEG i nterchange format image along with the APPO segnent. In the
case of video, additional paraneters nust be defined out-of-band
(e.g., frame rate, interlaced vs. non-interlaced, etc.).

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

fl exi bl e conpressi on, cost-effective hardware inplementations of the
full standard have not appeared. |Instead, nost hardware JPEG video
codecs inplenent only a subset of the sequential DCT node of
operation. Typically, narker 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 YUV col or
space.

2. JPEG Over RITP
To maxim ze interoperability anpbng hardware-based codecs, we assume
the sequential DCT operating node [1, Annex F] and restrict the set of

predefi ned RTP/JPEG "type codes"” (defined bel ow) to single-scan
interleaved inages. Wiile this is nore restrictive than even

Berc, et. al. St andards Track [ Page 2]



RFC 2035 RTP Payl oad Format for JPEG Vi deo Cct ober 1996

basel i ne JPEG nmany hardware inplenentation fall short of the
basel i ne specification (e.g., nost hardware cannot decode non-
i nterl eaved scans).

In practice, nost of the table-specification data rarely changes from
frane to franme within a single video stream Therefore, RTP/JPEG
data is represented in abbreviated format, with all of the tables
omtted fromthe bit stream Each inmage begins imediately with the
(single) entropy-coded scan. The information that woul d ot herw se be
in both the frane and scan headers is represented entirely within a
64-bit RTP/ JPEG header (defined below) that |ies between the RTP
header and the JPEG scan and is present in every packet.

Wil e paraneters |ike Huffman tables and col or space are likely to
remain fixed for the lifetime of the video stream other paraneters
shoul d be allowed to vary, notably the quantization tables and inage
size (e.g., to inplement 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 snmall set of quantization tables are
typically used, we encode the entire set of quantization tables in a
small integer field. The inage wi dth and hei ght are encoded
explicitly.

Because JPEG frames are typically larger than the underlying
networ k’ s maxi mum packet size, franmes nust often be fragmented into
several packets. One approach is to allow the network |ayer bel ow

RTP (e.g., IP) to performthe fragnmentation. However, this precludes
rate-controlling the resulting packet streamor partial delivery in
the presence of loss. For exanple, IP will not deliver a fragnented

datagramto the application if one or nore fragnents is lost, or IP
m ght fragnent an 8000 byte frane into a burst of 8 back-to-back
packets. Instead, RTP/JPEG defines a sinple fragnentation and
reassembly schene at the RTP | evel.

3. RTP/JPEG Packet For mat
The RTP tinestanmp is in units of 90000Hz. The same tinestanp nust

appear across all fragnments of a single frame. The RTP marker bit is
set in the |ast packet of a frame.
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3.1. JPEG header

A special header is added to each packet that immediately follows the
RTP header:

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S

| Type specific | Fragment O f set

B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
|
+-

Type | Q | W dth | Hei ght
B s ok I S o e s ol I EIE R R R e S et I S S S S il ik i T B
3.1.1. Type specific: 8 bits
Interpretation depends on the value of the type field.

3.1.2. Fragnent O fset: 24 bits

The Fragment Offset is the data offset in bytes of the current packet
in the JPEG scan.

3.1.3. Type: 8 bits

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
additional JFIF-style paraneters not defined by JPEG Types 0-127
are reserved as fixed, well-known mappings to be defined by this
docunent and future revisions of this document. Types 128-255 are
free to be dynamcally defined by a session 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 frame using an
algorithmthat determ ned by the Type field (see bel ow).

3.1.5. Wdth: 8 bits

This field encodes the width of the image in 8-pixel multiples (e.g.
a width of 40 denotes an i mage 320 pi xels w de).

3.1.6. Height: 8 bits

This field encodes the height of the inage in 8-pixel multiples
(e.g., a height of 30 denotes an image 240 pixels tall).
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3.

4.

4.

1.7. Data

The data foll owi ng the RTP/ JPEG header is an entropy-coded segnent
consisting of a single scan. The scan header is not present and is
inferred fromthe RTP/JPEG header. The scan is termnated either
implicitly (i.e., the point at which the image is fully parsed), or
explicitly with an EO nmarker. The scan nay be padded to arbitrary

l ength with undefined bytes. (Existing hardware codecs generate
extra lines at the bottom of a video frame and renoval of these |lines
woul d require a Huf f man- decodi ng pass over the data.)

As defined by JPEG restart markers are the only type of marker that
may appear enbedded in the entropy-coded segnent. The "type code"
determi nes whether a restart interval is defined, and therefore

whet her restart narkers may be present. It also deternmines if the
restart intervals will be aligned with RTP packets, allow ng for
partial decode of frames, thus increasing resiliance to packet drop
If restart narkers are present, the 6-byte DRI segnent (define
restart interval marker [1, Sec. B.2.4.4] precedes the scan).

JPEG mar kers appear explicitly on byte aligned boundari es begi nni ng
with an OxFF. A "stuffed" O0x00 byte foll ows any OxFF byte generated
by the entropy coder [1, Sec. B.1.1.5].

Di scussi on
1. The Type Field

The Type field defines the abbrevi ated tabl e-specification and

addi tional JFIF-style paraneters not defined by JPEG since they are
not present in the body of the transmtted JPEG data. The Type field
nmust remain constant for the duration of a session

Six type codes are currently defined. They correspond to an
abbrevi ated tabl e-specification indicating the "Baseline DCT
sequential" node, 8-bit sanples, square pixels, three conponents in
the YWV col or space, standard Huffman tables as defined in [1, Annex
K. 3], and a single interleaved scan with a scan conponent sel ector

i ndi cati ng components 0, 1, and 2 in that order. The Y, U and V
col or planes correspond to component numbers 0, 1, and 2,
respectively. Conmponent 0 (i.e., the lum nance plane) uses Huffman
tabl e nunber 0 and quanti zation table nunber O (defined bel ow) and
conponents 1 and 2 (i.e., the chrominance planes) use Huf frman tabl e
nunber 1 and quantization table nunber 1 (defined bel ow).

Additionally, video is non-interlaced and unscaled (i.e., the aspect
ratio is determned by the inmage width and height). The franme rate
is variable and explicit via the RTP tinestanp.
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Si x RTP/ JPEG types are currently defined that assunme all of the
above. The odd types have different JPEG sanmpling factors fromthe
even ones:

hori zont al vertica
types conp sanp. fact. sanp. fact.
+-+

R T
| 0o/2/4 | O | 2 | 1 |
| o/2/4 | 1 | 1 | 1 |
| 0/2/4 | 2 | 1 | 1 |
I S S T S S S S
| 1/3/5 | 0 | 2 | 2

| 1/3/5 | 1 | 1 | 1 |
| 1/3/5 | 2 | 1 | 1 |
I e S S S S g S

These sanpling factors indicate that the chromani nce conmponents of
type 0/2/4 video is downsanpl ed horizontally by 2 (often called
4:2:2) while the chrom nance conponents of type 1/3/5 video are
downsanpl ed both horizontally and vertically by 2 (often called
4:2:0).

The three pairs of types (0/1), (2/3) and (4/5) differ from each
other as foll ows:

0/1 : No restart markers are present in the entropy data.
No restriction is placed on the fragnentati on of the stream
into RTP packets.
The type specific field is unused and nust be zero.

2/3 : Restart markers are present in the entropy data.
The entropy data is preceded by a DRI marker segnent, defining
the restart interval.
No restriction is placed on the fragnentati on of the stream
into RTP packets.
The type specific field is unused and nust be zero.
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4/5 . Restart nmarkers are present in the entropy data.
The entropy data is preceded by a DRI marker segnent, defining
the restart interval.
Restart intervals are be sent as separate (possibly nultiple)
RTP packet s.
The type specific field (TSPEC) is used as foll ows:
A restart interval count (RCOUNT) is defined, which
starts at zero, and is incremented for each restart
interval in the frame.

The first packet of a restart interval gets TSPEC = RCOUNT.
Subsequent packets of the restart interval get TSPEC = 254,
except the final packet, which gets TSPEC = 255.

Addi tional types in the range 128-255 may be defined by externa
means, such as a session protocol

Appendi x B contains C source code for transformng the RTP/ JPEG
header paranmeters into the JPEG frane and scan headers that are
absent fromthe data payl oad.

4.2. The QField

The quanti zation tables used in the decodi ng process are
algorithmcally derived fromthe Qfield. The algorithmused depends
on the type field but only one algorithmis currently defined for the
two types.

Both type 0 and type 1 JPEG assume two quantizations tables. These
tables are chosen as follows. For 1 <= Q <= 99, the Independent JPEG
Goup’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
conput e these tables.

For Q >= 100, a dynamically defined quantization table is used, which

m ght be specified by a session setup protocol. (This session
protocol is beyond the scope of this docunent). It is expected that
the standard quantization tables will handl e nost cases in practice,
and dynamic tables will be used rarely. Q= 0 is reserved.
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4.3. Fragnentation and Reassenbly

Since JPEG frames are |arge, they nmust often be fragmented. Franes
shoul d be fragnented into packets in a manner avoi ding fragmentation
at a lower level. When using restart nmarkers, frames should be
fragnmented such that each packet starts with a restart interval (see
bel ow) .

Each packet that makes up a single frame has the sanme tinmestanp. The
fragment offset field is set to the byte offset of this packet within
the original frane. The RTP nmarker bit is set on the |ast packet in
a frane.

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

| engt hs of each packet. Reassenbly could be carried out wi thout 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 nisordered packets.
Moreover, if the |last packet of the previous frame (containing the
marker bit) were dropped, then a receiver could not detect that the
current frame is entirely intact.

4.4, Restart Markers

Restart markers indicate a point in the JPEG stream at which the
Huf f man codec and DC predictors are reset, allow ng partial decoding
starting at that point. The use of restart markers allows for
robustness in the face of packet |oss.

RTP/ JPEG Types 4/5 allow for partial decode of frames, due to the
alignment of restart intervals with RTP packets. The decoder knows it
has a whole restart interval when it gets sequence of packets with
conti guous RTP sequence nunbers, starting with TSPEC<254 (RCOUNT) and
ei ther ending with TSPEC==255, or TSPEC<255 and next packet’'s
TSPEC<254 (or end of frane).

It can then deconpress the RST interval, and paint it. The X and Y
tile offsets of the first MCU in the interval are given by:

tile_ offset RCOUNT * restart _interval * 2

x_of f set =tile offset %frame_ width_ in_tiles
y_of f set =tile offset / frame_width_in_tiles
The MCUs in a restart interval may span nultiple tile rows.
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Decoders can, however, treat types 4/5 as types 2/3, sinply
reassenbling the entire frame and then decoding.

5. Security Considerations
Security issues are not discussed in this nmeno.
6. Authors’ Addresses

Lance M Berc

Systens Research Center

Di gi tal Equi pnent Corporation
130 Lytton Ave

Palo Alto CA 94301

Phone: +1 415 853 2100
EMai | : berc@a. dec. com

WIlliam C. Fenner

Xer ox PARC

3333 Coyote H Il Road
Pal o Alto, CA 94304

Phone: +1 415 812 4816
EMai | : fenner@nf.nrl.navy. m|l

Ron Frederick

Xer ox PARC

3333 Coyote H Il Road
Pal o Alto, CA 94304

Phone: +1 415 812 4459
EMai | : frederick@arc. xerox.com

St even McCanne

Law ence Berkel ey Laboratory
M S 46A- 1123

One Cycl otron Road

Ber kel ey, CA 94720

Phone: +1 510 486 7520
EMai | : ntcanne@e. | bl . gov

Berc, et. al. St andards Track [ Page 9]



RFC 2035 RTP Payl oad Format for JPEG Vi deo Cct ober 1996

7. References

[1]

[2]

[3]

[4]

[5]

Ber c,

| SO DI'S 10918-1. Digital Conpression and Codi ng of Continuous-tone
Still Inmages (JPEG, CCTT Reconmendation T.81

Wl liam B. Pennebaker, Joan L. Mtchell, JPEG Still Image Data
Conpressi on Standard, Van Nostrand Rei nhold, 1993.

Gregory K. Wallace, The JPEG Sill Picture Conpression Standard,
Conmuni cati ons of the ACM April 1991, Vol 34, No. 1, pp. 31-44.

The JPEG File Interchange Format. Maintai ned by C Cube M crosys-
tems, Inc., and available in
ftp://ftp.uu. net/graphics/jpeg/jfif.ps.gz.

Tom Lane et. al., The Independent JPEG G oup software JPEG codec.

Source code available in
ftp://ftp.uu. net/graphics/jpeg/jpegsrc.v5.tar.gz.

et. al. St andards Track [ Page 10]



RFC 2035 RTP Payl oad Format for JPEG Vi deo Cct ober

Appendi x A

1996

The foll owi 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
H

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

if (q <1 factor = 1;
if (g >99) factor = 99;
if (q < 50)

g = 5000 / factor;
el se

g = 200 - factor*2;
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* q + 50) / 100;

* q + 50) / 100;

Cct ober

1996

The followi ng routines can be used to create the JPEG nmarker segnents

RFC 2035
for (i=0; i < 64; i++) {
int Iqg ( jpeg_luma_quantizer[i]
int cq ( jpeg_chroma_quantizer[i]
/[* Limt the quantizers to 1 <= q <= 255 */
if (lg<1 Iqg-=1;
elseif ( Ilg > 255) |q = 255;
lumq[i] =1q;
if (cqg<1 cq-=1
else if ( cq > 255) cqg = 255;
chr_q[i] = cq
}
}
Appendi x B
corresponding to the tabl e-specification data that
RTP/ JPEG body.
u_char lumdc_codel ens[] = {
0, 1, 5, 1, 1, 1, 1, 1, 1, O,
b
u_char lumdc_synbol s[] = {
01 11 21 31 41 51 61 71 81 91
b
u_char lumac _codelens[] = {
0, 2, 1, 3, 3, 2, 4, 3, 5, 5,
b
u_char lumac_synbol s[] = {
0x01, 0x02, 0x03, 0x00, 0x04,
0x21, 0x31, 0x41, 0x06, 0x13
0x22, 0Ox71, 0x14, 0x32, 0x81
0x23, 0x42, 0Oxbl, Oxcl, O0x15,
0x24, 0x33, 0x62, 0x72, 0x82,
0x17, 0x18, 0x19, Oxla, 0x25,
0x29, 0x2a, 0x34, 0x35, 0x36,
0x3a, 0x43, 0x44, 0x45, 0x46,
Ox4a, 0x53, 0x54, 0x55, 0x56,
Ox5a, 0x63, 0x64, 0x65, 0x66,
Ox6a, 0x73, 0x74, 0x75, 0x76,
Ox7a, 0x83, 0x84, 0x85, 0x86,
0x8a, 0x92, 0x93, 0x94, 0x95,
0x99, O0x9a, Oxa2, Oxa3, Oxad4,
Berc, et. al. St andar ds

0, O,

0, O,

10, 11,

0x11,
0x51,
0x91,
0x52,
0x09,
0x26,
0x37,
0x47,
0x57,
0x67,
Ox77,
0x87,
0x96,
Oxab,

Tr ack

0x05,
0x61,
Oxal,
0xd1,
0OxO0a,
0x27,
0x38,
0x48,
0x58,
0x68,
0x78,
0x88,
0x97,
Oxab,

1, 0x7d,

0x12,
0x07,
0x08,
0xf 0,
0x16,
0x28,
0x39,
0x49,
0x59,
0x69,
0x79,
0x89,
0x98,
Oxa7,

is absent fromthe
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Oxa8, 0xa9, Oxaa, O0xb2, 0xb3, 0xb4, O0xb5, 0xb6,
Oxb7, O0xb8, 0xb9, Oxba, 0xc2, 0xc3, 0xc4, 0xc5,
0xc6, 0xc7, 0xc8, 0xc9, Oxca, 0xd2, 0xd3, 0xd4,
0xd5, O0xd6, 0xd7, 0xd8, 0xd9, Oxda, Oxel, OxeZ2,
Oxe3, Oxe4, Oxe5, Oxe6, O0xe7, 0xe8, 0xe9, Oxea,
Oxf1, Oxf2, Oxf3, Oxf4, Oxf5, Oxf6, Oxf7, OxfS8,
0xf 9, Oxfa,

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

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

u_char chmac_codelens[] = {
0, 2, 1, 2, 4, 4, 3, 4, 7, 5, 4, 4, 0, 1, 2, 0Ox77,

u_char chmac_synbol s[] = {

0x00, 0x01, 0x02, 0x03, 0x1l1, 0x04, 0x05, 0x21
0x31, 0x06, 0x12, 0x41, 0x51, 0x07, 0x61, 0x71
0x13, 0x22, 0x32, 0x81, 0x08, 0x14, 0x42, 0x91
Oxal, Oxbl, Oxcl, 0x09, 0x23, 0x33, 0x52, 0xfO,
0x15, 0x62, 0x72, 0xdl, O0x0Oa, 0x16, 0x24, 0x34,
Oxel, 0x25, Oxf1l, O0x17, 0x18, 0x19, Oxla, 0x26,
0x27, 0x28, 0x29, 0x2a, 0x35, 0x36, 0x37, 0x38,
0x39, 0x3a, 0x43, 0x44, 0x45, 0x46, 0x47, 0x48,
0x49, Ox4a, 0x53, 0x54, O0x55, 0x56, 0x57, 0x58,
0x59, Oxba, 0x63, 0x64, 0x65, 0x66, 0x67, 0x68,
0x69, Ox6a, 0x73, 0x74, 0x75, 0x76, 0x77, 0x78,
0x79, Ox7a, 0x82, 0x83, 0x84, 0x85, 0x86, 0x87,
0x88, 0x89, 0x8a, 0x92, 0x93, 0x94, 0x95, 0x96,
0x97, 0x98, 0x99, O0x9a, Oxa2, Oxa3, Oxa4, Oxab,
Oxa6, Oxa7, 0Oxa8, 0xa9, Oxaa, 0xb2, 0xb3, 0xb4,
0Oxb5, O0xb6, O0xb7, 0xb8, 0xb9, Oxba, 0xc2, 0xc3,
0Oxc4, 0xch, 0xc6, 0xc7, 0xc8, 0xc9, Oxca, 0xd2,
0xd3, O0xd4, 0xd5, 0xd6, 0xd7, 0xd8, 0xd9, Oxda,
Oxe2, 0Oxe3, Oxed, Oxeb, Oxe6, Oxe7, 0xe8, 0xe9,
Oxea, Oxf2, Oxf3, Oxf4, Oxf5, Oxf6, Oxf7, OxfS8,
0xf 9, Oxfa,

b

u_char *
MakeQuant Header (u_char *p, u_char *qt, int tabl eNo)
{
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*p++ = Oxff;

*p++ = Oxdb; [* DQT */

*p++ = 0; /* length msb */
*p++ = 67; /* length | sb */
*p++ = t abl eNo;

memcpy(p, qt, 64);
return (p + 64);
}

u char *
MakeHuf f manHeader (u_char *p, u_char *codel ens, int ncodes, u_char *synbol s,
int nsynbols, int tableNo, int tabled ass)

{
*p++ = Oxff;
*p++ = 0xc4; [* DHT */
*p++ = 0; /* length msb */
*p++ = 3 + ncodes + nsynbols; /* length |sb */
*p++ = tableC ass << 4 | tabl eNo;
nmencpy(p, codel ens, ncodes);
p += ncodes;
mencpy(p, synmbols, nsynbols);
p += nsynbol s;
return (p);
}
/*
* G ven an RTP/JPEG type code, g factor, w dth, and hei ght,
* generate a frame and scan headers that can be prepended
* to the RTP/JPEG data payl oad to produce a JPEG conpressed

image in interchange format (except for possible trailing

* garbage and absence of an EO narker to term nate the scan).
*/

nt MakeHeaders(u_char *p, int type, int g, int w, int h)

u_char *start = p;
u_char | qt[64];
u_char cqt[64];

/* convert from bl ocks to pixels */
w <<= 3;

h <<= 3;

MekeTabl es(q, Iqt, cqt);

*pt++
*pt++

Oxff;
0xd8; /* sA */

p = MakeQuant Header (p, | qt, 0);
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p = MakeQuant Header (p, cqt, 1);
p = MakeHuf f manHeader (p, | um dc_codel ens,
si zeof (1 um_dc_codel ens),
| um dc_synbol s,
si zeof (I um dc_synbol s), O,
p = MakeHuf f manHeader (p, | um ac_codel ens,
si zeof (1 um ac_codel ens),
 um ac_synbol s,
si zeof (I um ac_synbol s), O,
p = MakeHuf f manHeader (p, chm dc_codel ens,
si zeof (chm dc_codel ens),
chm dc_synbol s,
si zeof (chm dc_synbol s), 1
p = MakeHuf f manHeader (p, chm ac_codel ens,
si zeof (chm_ac_codel ens),
chm ac_synbol s,
si zeof (chm ac_synbol s), 1
*p++ = Oxff;
*p++ = 0xcO; [* SOF */
*p++ = 0; /* length msb */
*p++ = 17; /* length | sb */
*p++ = 8; * 8-bit precision */
*p++ = h >> §; * height nsb */
*p++ = h; * height |sb */
*p++ = w >> §; /[* width nmsb */
*pH+ = W * wudth | sb */
*p++ = 3; * nunber of conponents
*p++ = 0; * conp O */
if (type == 0)
*p++ = 0x21; /* hsanp = 2, vsamp =1
el se
*p++ = 0x22; /* hsanp = 2, vsamp = 2
*p++ = 0; /* quant table 0 */
*p++ = 1; [* comp 1 */
*p++ = Ox11; /* hsanp = 1, vsamp =1
*p++ = 1; /* quant table 1 */
*p++ = 2; [* comp 2 */
*p++ = Ox11; /[* hsanp = 1, vsamp =1
*p++ = 1; /* quant table 1 */
*p++ = Oxff;
*p++ = Oxda; [* SCS */
*p++ = 0; * length nsb */
*p++ = 12; /* length | sb */
*p++ = 3; * 3 conponents */
*p++ = 0; * conp 0 */
al . St andards Track

0);

1);

0);

1);

*/

*/

*/

*/

*/
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*p++ = 0; /* huffrman table 0 */
*p++ = 1; * conp 1 */

*p++ = Ox11; /* huffrman table 1 */
*p++ = 2; * comp 2 */

*p++ = 0x11; /* huffman table 1 */
*p++ = 0; /* first DCT coeff */
*p++ = 63; /* last DCT coeff */
*p++ = 0; /* sucessive approx. */

return (p - start);
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