








































































































































































































































































































































































































































































































































































































































































































Programming the Huffman Tables

8.8.3 CL560 Huffman Table Format

This section describes the machine-specific format for CL560 Huffman
Tables and a procedure for generating these tables based on any set of
JPEG-compatible Huffman Code Tables. Unlike the CLS550, the
CL560's Huffman Tables are homogeneous in the sense that the same
machine-specific tables are used for both compression and decompres-
sion (the CL550 requires separate machine-specific tables for compres-
sion and decompression, respectively). The CL550/CL560 Program
Examples Disk contains an example source code for generating CL560
machine-specific tables in the file makehuff.c.

The CL560 has four Huffman Table RAM spaces, two for storing AC
table data and two for storing DC table data. The Huffman Table RAMs
are completely static. Once loaded, the contents of the RAMs will re-
main unchanged even after device reset, as long as power is maintained
to the device.

The layout of the Huffman tables is shown in Figure 8-22. This diagram
shows the CL560 Huffman table addressing relative to the correspond-
ing Run/Size values in the JPEG Huffman table.

Each of the RAM cells in Figure 8-22 is 20 bits wide. The 20-bit table
entry contains two fields, a code field and a code length field, as shown
in Figure 2. Bits 3-0 are loaded with the number of significant Huffman
code bits, minus 1. Bits 19-4 contain the actual code value left shifted
until the most significant code bit is at bit 19. Unused bits are zero-filled.

In a typical JPEG interchange application you must derive the Code and
Length values from the JPEG interchange format. Procedures for ex-
tracting the Code and Length values from JPEG interchange format are
described in Annex C of the ISO JPEG specification (ISO/IEC IS
10918-1). Source code examples are also found on the CL550/CL560
Program Examples Disk in the file makehuff.c
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Y-AC 00 08 10 18 20 28 30 38 40 48 50 58 60 68 70 78

Oxt000 EOB 11 11 N n n v n " v 1 M 1" 11 11 AR
Oxeo80 0/1 1/ 21 31 41 51 61 71 81 91 A B G/ D/UENFN
OxE100 0/2 1/2 2/2 32 42 52 6/2 772 82 92 A2 B2 C2 D2 E2 F?2
OxE180  0/3 13 2/3 3/3 43 53 63 7/3 83 93 A3 B3 C3 DB E3 F3
OxE200 0/4 1/4 2/4 34 44 5/4 6/4 7/4 B8/4 94 A4 B/A C/A DA E/A FA
OxE280 0/ 1/5 2/5 345 45 55 65 75 85 95 AS5 BS CS5 DS ES FS
OxE300 0/ 1/6 2/6 3/6 4/6 56 66 7/6 86 96 A6 B6 C6 D6 E6 F6
OxE380  0/7 /7 2/1 "3/1 471 571 671 17 87 97 AT BT C/7 DT ET F
Oxe400 048 /8 2/8 3/8 48 58 68 78 88 98 A8 BB (8 DB EB8 F8
Oxe480 079 1/9 2/9 3/9 49 59 69 79 89 99 A9 B9 (/9 D9 E9 FA
OxE500 O/A 1/A  2/A 3/A  4/A 5/A 6/A T7/A 8A 9A AA B/A CA D/A EA FA
Oxe580 11 11 11 N L T e B e B O A e D A b

RRRR / SSSS
Y-DC
0xE600 0 1 2 3 4 5 6 7 8 9 A B n 1 " 1
Category

C-AC o0 o0 10 18 20 28 30 38 40 48 50 58 60 68 70 78

OO EOB T 11 11 11 1 1" 1 1n n n o 1 1 1" 1 ZA
OxE880 0/1 11 217 31 41 54 61 71 81 91 AN B/ CA D/t E1EN
OxE900 0/2 1/2 2/2 32 42 52 62 7/2 82 92 A2 B2 C2 Db2 E2 F?2
OxE980 0/3 1/3 2/3 3/3 4/3 53 63 73 83 93 A3 BB (3. DB E3 I3
OxEACO 0/4 1/4 2/4 3/4 4/4 5/4 6/4 7/4 84 94 A4 B4 C/4 D/A E/A FA
OxEABO 05 1/5 2/5 35 4/ 55 65 75 85 95 AS BS5 C5 DS ES FA
OxeBOO 06 1/6 2/6 3/6 4/6 56 6/6 7/6 86 96 A6 B6 C6 D6 E6 F6
OxEB8O  0/7 1/7 2/7 3/1 47 571 671 7/71 87 977 A7 B7 C/7 D7 BT FI
OxeCoo o8 1/8 2/8 3/8 4/8 58 68 7/8 88 98 A8 B8 C8 DB EB8 F8
OxECe0 0/9 1/9 2/9 3/9 49 59 69 7/9 89 99 A9 B9 C9 DS E9 F9
OxEDOO  O/A 1/A  2/A 3/A 4A 5/A B/A T/A B8A 9A AA BA CA D/A EA FA
Oxetbsb » 1 =7 = 1 M "N " " M M " 1" M1 11 n"

RRRR / SSSS
c-DC
OxEEQO 0 1 2 3 4 5 6 7 8 9 A B n 11 1 "
Category

Figure 8-22  CL550 Huffman Table Layouts in Compression Mode
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19 4 3 0
| Code Bits (MSB Aligned) | Length-1

Figure 8-23  CL560 Machine-Specific Huffman Table Entry Format

Each RAM cell is accessible from the CL560 Host Bus in 10-bit halves,
with the least significant half at the lower address. An example is given
in Figure 8-24. The CODE bits refer to Figure 8-23 above. Note that in
order to read or write Huffman table entries, the Huffman Load Enable
Register must be programmed to 1.

15 10 9 4 3 0
0xE000 | Don't Care ] Code Bits [9:4] |  length-1 . |

15 10 9 4 3 0
0xE004 | Don't Care | Code Bits [19:10] |

Figure 8-24  Example for Accessing a Table Entry at Address 0xE000

Example: Program the first Y-AC table location (Run/Size = 0/0 or
EOB) with the example table value found in Appendix K of the ISO
JPEG specification. From these tables, the CODE value is 0x000A, and
the Code Length value is 4 bits. The 20-bit CL560 machine-specific
code word is calculated as:

CL560CodeWord = (( Code << (20-Length) ) + (Length - 1)

This results in the hex value 0xA0003. This value is then split into two
halves as follows:

CL560CodeWord_Low = CL560CodeWord & 0x03FF
= 0x0003 (loads into address E000)
CL560CodeWord_High = (CL560CodeWord >> 10) & 0x03FF
= 0x0280 (loads into address E004)
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8.9
CL5xx Quantizer
Table Programming

This section discusses generation of the CL5xx Quantizer tables. An
overview is presented, followed by the detailed procedures for creating
Quantization tables for use with the CL5xx devices. Loading of the
CL5xx Quantizer tables is discussed in Section 8.7. Functions for han-
dling Quantizer tables are provided on the CL550/CL560 Program Ex-
amples Disk in the file makeQ.c.

8.9.1 Overview

In pure JPEG terms, the actual compression ratio depends on the quan-
tization tables and the Huffman tables, but most of all on the image data
itself. For a constant set of Huffman and quantization parameters, the
compression ratio will vary depending on the amount of AC terms that
are present in the image data. Quantizer tables are used to filter out AC
terms that are normally unnoticeable to the human eye. A higher rate of
quantization means that more AC terms are reduced to zero, giving a
higher compression ratio. The trade-off is that the higher the rate of
quantization is, the greater the data loss will be. At some point, the video
quality will degrade to a level that is unacceptable to the user.

Although the Quantizer tables themselves do not control the exact com-
pression ratio, they are the only real control that the user has over the
compression ratio in a video compression situation. For simple com-
pression applications, the application uses one set of quantization pa-
rameters for the entire video sequence. For more advanced applications,
the quantizer tables can be updated on a frame-by-frame basis to more
tightly regulate the compressed output rate. C-Cube’s CL5xx proces-
sors can accept the full range of quantization sets allowed under the ISO
JPEG Baseline System. They also support switching of quantizer tables
on a frame-by-frame basis.

Figure 8-25 illustrates the basic procedures used in creating quantizer
tables for the CL5xx devices. The first part of the flow relates only to
creating the Q-tables used during compression. It is used to set up the
JPEG quantization parameters for a desired compression level based on
a standard set of weighting functions, or "visibility matrices" and a sca-
lar, or Q Factor. The second part involves taking the actual quantization
parameters and generating machine-loadable forms of the tables for ei-
ther compression or decompression. This procedure must be followed
for each table that is to be used (up to four per image in the baseline
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case).

“Visibility” Scale JPEG Q Generate 5xx
Matrix > > Table ™ 5xxTable [ Table

*

Q Factor

’<— Compression Only ——»’4— Compression and Decompression —>|

Figure 8-25  Typical Flow for Generating a CL5xx Quantizer Table

Color images typically use at least two quantization tables. For exam-
ple, a YUV4:2:2 image uses two tables: one for the luminance compo-
nent, and one for the chrominance components. This means that a total
of 128 quantization terms need to be updated each time the compression
ratio is changed. To simplify this process, the concept of the Q Factor is
introduced. The Q factor is not part of the JPEG standard. Rather, it is a
simple means of scaling a constant set of values to produce a range of
compression ratios. By using the Q Factor, the user needs to specify
only one term, as opposed to 128, in order to change the compression
ratio.

Consider the psychovisual weighting functions shown in Figure 2-3.
These tables (call them "visibility tables") are used to establish the basic
shape of the filter curve in two dimensions. They are based on a suite of
video test clips submitted to the JPEG working group and are fairly well
tuned for video applications. By using these tables as a working base a
range of compression ratios can be obtained simply by scaling the base
table by the Q Factor. The output of the scaling process is a table that
contains actual JPEG quantization parameters that can either be put into
the ISO stream header or used to perform compression or decompres-
sion.

8.9.2 QTable Scaling Function

The CL550/CL560 Program Examples Disk provides a function called
Make JPEG_Q_Table(). This function takes as its input a visibility table
like the component matrix in Figure 2-3 and a Q Factor (an integer be-
tween 1 and 255). Each item in the visibility matrix is multiplied by Q/
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50, limited between 1 and 255, then stored in zig-zag order.as shown in
Table 2-2. This scaling function is listed in Figure 8-26.

void MakeJPEG_Q_Table
(

short QFactor, /* gcalar */
short *Input_Visi_Table, /* visibility matrix, non-zig-zag */
unsigned char *JPEG_Q_Table /* output list. zig-zagged */
) .
{
short 1i;

unsigned short temp;

for( 1 = 0; 1 < 64; 1i++)
{
/* read input array in zig-zag order, scaling the results
and placing them into JPEG_Q_Table */

temp = (short) ((Input_Visi_Table[ zigZagli] ]
* QFactor / 50.0) + 0.5 );

if( temp < 1)

temp = 1; /* minimum value is 1 */
if( temp > 255)

temp = 255; /* maximum value is 255 */

JPEG_Q_Table[i] = (unsigned char) temp;

Figure 8-26  Quantizer Table Scaling Function

The output of this function is an integer matrix in ISO JPEG order. This
table can be attached to the JPEG stream header for export or used to
create machine-loadable tables for the CL5xx device.
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8.9.3 Generating Machine-Loadable Q Tables for CL5xx Devices

Once the JPEG quantizer tables have been created or read in from the
incoming file header, they must be converted for use with the CL5xx de-
vices. The CL5xx Quantizer unit is actually a 16 x 16 multiplier. The
multiplier unit is shared with the DCT/IDCT unit, which is also a mul-
tiplier. To save silicon, these two multiplies are integrated in a single
multiplier stage. When generating Q tables for the CL5xx devices, the
program must also combine factors used in the DCT computation.

The CL550/CL560 Program Examples disk provides a function called
MakeCL5xx_Q_Table(). This function accepts an input table in ISO
JPEG order and produces a machine-loadable table as its output. The
function is direction-sensitive, and the direction is specified in the glo-
bal variable Direction. DCT factors are stored in a standard header file
called "makeQ.h". There, they are referred to as "K_Factors". Note that
floating-point math is used in this routine. Some C compilers may vary
in this area. This function is listed below. Refer to the examples disk for
header file constants.

System Designer's Guide 8-53



CL5xx Quantizer Table Programming

(
unsigned
unsigned

short i,
unsigned
unsigned
unsigned

/* 1. first,

for( i =

{
for(

{

else

void MakeCL5xx_Q_Table

char *JPEG_Q_Table,
short *CL550_0Q Table

i

short gshift;

short Temp;
short Unzigged[64];
short Temp_Q_Table[64];

the JPEG_Q_Table is unzigged from its zig-zag order */

0 ; i< 64 ; i++ )

UnZigged[ ZigZagl[i] ] = (unsigned short) JPEG_Q_Tablel[i];

/* 2. From the UnZigged table, generate tables for the CL550 */

if( Direction == COMPRESS ) /* build a compression table */

i =0; 1 < 64 ; i++ )

Temp_Q_Table[i] =
(unsigned short) (CompKFactor[i] / (UnZigged[i] << 1) + .5);

if ( Temp_Q_Tablel[i] > (unsigned short) 32767. )
Temp_Q_Table[i] = (unsigned short)32767.0;

/* Direction == DECOMPRESS, build a decompression table */
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/* 3. Convert the Temp_Q_Table to CL550 ordering using a corner-to-corner

transposition */

for ( i=0; 1i<8; 1i++ )
for ( j=0; 3J<8; J++ )
CL550_Q Table[i*8+j] = Temp_Q_ Table[i+3j*8];

/'k***************************************************‘k**********‘k*/

/* CountBits() -
This function returns the number of significant bits for a given input
value.

*/

static short CountBits( unsigned short guant )

{
int 1i;

unsigned char mask;

for (i=0, mask=0x80; 1<8; i++,mask>>=1)

if (mask & quant) return(i);

}

{

for( i = 0; i < 64; i++ )
{
Temp_Q_Table[i] = (unsigned short) (DecompKFactor[i]

* Unzigged(i]
* pow( (double)?2, (double)CountBits (Unzigged[i]) ) + .5);
/* truncate to 13 significant bits */
Temp_Q_Table[i] &= Oxfffc;
gshift = 7 - CountBits( UnZzigged[i] );
Temp_Q_Tablel[i] = (gshift<<13) + (Temp_Q_Table[i]>>2);
/* exponent + mantissa */

Figure 8-27  Make CL5xx Quantizer Table Function Listing
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This section describes the CL5xx's component block sequence regis-

810  ters. These registers control the sequencing of component blocks within
Custom BIO_Ck the various processing stages of the CL550. For certain applications,
Sequencing pee registers can be programmed to accommodate user-specified

block sequences.

8.10.1 Restrictions

To use the CL5xx devices for custom block sequences, the CL5xx de-
vice must be configured in the MONO, or "Bypass" mode. In this mode
the PXDAT bus is routed directly to the DCT input. All other modes use
the MCU Block Store, which generates a pre-defined, hardwired block
sequence. For these other modes of operation, C-Cube has specified
standard values for these registers (see Chapter 7), and users should not
make any changes to them.

A further restriction in this mode is that the strip buffer addressing
scheme expects a single-component stream. Multicomponent streams
having custom sequences should be passed in block format, and the
SRAM Strip buffer should not be used.

8.10.2 CL5xx Internal Component Sequencing

To understand custom sequencing with the CL5xx it is important to first
understand how the CL5xx formats its data internally and prepares it for
processing. The first step in this process is the actual data acquisition it-
self. The Video interface accepts pixel data in one of six different for-
mats: Gray-Scale, YUV4:2:2, YUV4:4:4 (or RGB4:4:4), 4:4:4:4, RGB-
to-YUV4:2:2, and YUV4:4:4-t0-YUV4:2:2. The format required for
the input pixels is 8x8 block ordering. Block ordering can be performed
using the strip buffer SRAM which is driven by the CL5xx device

Before the pixels can be processed using JPEG, the pixel blocks them-
selves must be separated into individual component blocks, each 64
bytes in size. This function is performed by the CL5xx's MCU Block
Storage Unit (BSU). The BSU provides four 64-byte RAM queues to
separate and sequence the individual component blocks to and from the
DCT/IDCT unit. Each 64 ticks of the PXCLK, a new component block
is sequenced into the DCT/IDCT unit for processing. The sequencing
controls in this unit are hardwired and cannot be altered. The only pixel
mode that lends itself to custom sequencing is the Gray-Scale mode. In
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this mode, the BSU is effectively bypassed, allowing direct DCT input.
Figure 8-28 below describes the internal component sequence orderings
for each pixel mode. The left-most symbols are first in time order.

Gray Scale (Bypass) Mode

PXDO0-7 9092g4g6..  —> Biock Storage

PXD8-15 193597 .. —» Unit G0 G1G2G3 G4 G5 G6 ...
YUV4:2:2 Mode

PXD0-7 yoyly2y3.. —>» Block Storage

PXDE15  wOvOulvl..  —m Unit YO Y1 UDVOY2Y3UT VI ..
YUV4:4:4 Mode (RGB4:4:4)

PXD0-7 yOyly2y3.. —» Block St

PXD815  w0ulu2ud.. —»f o °° Uiif"’ge L »-Y0 U0 VO XX Y1 U1 V1 XX..
PXD16-23  vOviv2v3.. —

Note: XX designates “Don’t Care”; This is an Idle Block Cycle.

4:4:4:4 Mode

PXDO0-7 cO0y0clyl.. —>» Block Storage
PXD8-15 mO ko m1 k... —>] Unit —»C0 M0 YO KO C1 M1Y1K1 ...

RGB-to-YUV4:2:2 Mode

PXD0-7 0rlr2r3.. —

PXDE-15  g0glg2g3.. —» B'°°kuitif’age L Y0 Y1UOVOY2Y3UTVI ..
PXD16-23 b0 b1b2b3..

YUV4:4:4-t0-YUV4:2:2 Mode

PXDOT  yOyly2y3.. oo

PXDB-15  wuluzud.. —»f oy FYOYIUOVOY2Y3UIVI ..
PXD16-23 vOviv2v3... —»

Figure 8-28  CL5xx Block Storage Unit Component Sequencing

8.10.3 CL550 Component Sequence Programming

Several of the CL550's internal processing units have been made pro-
grammable to accommodate the various block sequences produced by
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the Block Storage Unit (BSU). Because the BSU outputs a fixed block
sequence for each pixel mode, a default set of sequence values and table
structures is recommended for most applications. However, it is possi-
ble to use standard BSU output sequences to mimic a user-specified pix-
el type by altering the sequence programming within the CL550.

Quantizer Table Sequence Programming

As blocks are passed out of the DCT unit during compression, they are
quantized using one of four quantization tables resident in the CL550’s
Q Table RAM. Two registers are used to control the selection of tables
on a block-by-block basis; the Quantizer Y/C Sequence register and the
Quantizer A/B Table Sequence register.

13 10 9 0
| Length Field | Sequence Field

Figure 8-29  Quantizer Y/C Sequence Register

Figure 8-29 shows the Quantizer Y/C Table Sequence register (Address
0xBEOS8, 14-bits, write-only). The Length field determines the total
number of blocks in the sequence, and the value must be between 5 and
10. The Length field also specifies the number of sequence bits to be
used for table selection (bit O to bit n, where n = length -1).

The Sequence Field specifies the table selection sequence. Zero selects
the Y table, and'1 selects the C table. Table sequences are specified from
low bit to high bit, wrapping around to the low bit when the highest val-
id sequence field bit is reached. During compression operations, the
starting bit in the sequence depends on pixel mode. During Gray-Scale
mode, bit 2 is the starting bit. For all other modes, bit 5 is the starting
bit. For decompression operations, bit 2 is the starting bit for all modes.

For example, to specify a sequence for YUV4:2:2 the internal block se-
quence is YYUVYYUV. A sequence length of eight is used, because
four is too small. The sequence bits that need programming are 0
through 7. Starting from bit 5, bits are programmed 0,0, 1, 1, 0,0, 1, 1.
When bit 7 is reached, the sequence loops to bit 0. This is illustrated in
Figure 8-30. During decompression, the same sequence is used, only
starting at bit 2. Figure 8-31 shows the Quantizer A/B Table Sequence
Register (Address 0OxBEOC, 10-bits, write-only).
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1312 1 10 9 9 7 6 5 4 3 2 1 0
LrfofoJofxfx[rJoJoJr]Jr1fofofr]

-l
-

2

Figure 8-30  Quantizer Y/C Sequence Register Example

9 0

Figure 8-31  Quantizer A/B Sequence Register

This register contains the sequence selection order for the A/B table
banks. A zero bit selects the A table bank, and a one selects the B table
bank. The method for programming this register is the same as for the
Quantizer Y/C Sequence Register. In the YUV4:2:2 example above,
only two tables are used, and this register is loaded with zero.

Note: During 4:4:4 mode operations the "XX' blocks must also be spec-
ified in the Y/C and A/B sequence registers, even though the bit has no
meaning. This is required as padding in the sequence to keep it synchro-
nized with the BSU.

Huffman Table Sequence Registers

Huffman table selection must also be programmed for each CL550
mode using the Huffman Table Sequence register (Address A000). This
register controls the selection of Huffman tables on a block-by-block
basis. The register is 10-bits wide, and is write-only. Sequences are
specified starting from bit zero, and move to the higher bits. A zero bit
selects the Y table set, and a one selects the C table set. The number of
bits in the sequence is determined by the sequence length that is pro-
grammed into the Decoder Sequence Length register (address A80C).
For example, for a sequence YYUVYYUYV, the Decoder Sequence
Length register is loaded with 1000, and the Huffman Table Sequence
Register is loaded with xx11001100. The minimum sequence length al-
lowed is 5, therefore a YYUV block order is specified as YYUVYYUV.
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DPCM Register Sequence Programming

There are four internal registers that hold the predictor values used
when computing the DPCM values for DC terms. Each register holds a
predictor for its particular component, and the sequence for selecting
these registers must be specified on a block-by-block basis. Two regis-
ters are used to specify the table selection sequence. These are the
DPCM Register Sequence High (Address A004), and DPCM Register
Sequence Low (Address A0OS8) registers. These registers are 10-bits
wide, and are write-only registers. They are used in combination to se-
lect one of four predictor value registers. For example, bit zero from
each register is used to form a two-bit value that selects one of the four
predictor value registers. The actual register chosen for a particular
component is not important, as long it is used for only one component.
For example, consider the sequence CMYKCMYK. The Decoder Table
Sequence Length would be loaded with 8, and the DPCM Register Se-
quence registers would be programmed starting from bit zero:

9 0
[X]Ix[1J1JoJoJ1[1]o]o] DPCMRegisterSequence High
IX[x[tJo[1JoJ1]o]1]0] DPCMRegisterSequence Low

K Yy Mm C K Y M C
Figure 8-32 DCPM Register Sequence

Note: When programming the Huffman Table Sequence and DPCM Se-
quence registers for 4:4:4 modes, the 'XX' value of the BSU sequence
is not important, and a padding bit is not required. For example, in
YUV4:4:4 mode, the Length field of the Quantizer Y/C Sequence Reg-
ister is programmed for 8, and a sequence field of 8 bits is used, using
two padding bits (YUVXYUVX). However, the Huffman Table Se-
quence register is loaded with 6, and the Huffman table sequence spec-
ified follows the sequence YCCYCC, with no padding bits. This is due
to the fact that the Huffman Coder/Decoder is separated from the Quan-
tizer by the internal FIFO, and it is not necessary to synchronize to BSU
timing.
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initialization procedures, 8-30
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CODEC FIFO, 7-40
Codec register, 7-39
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25
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color conversion, 5-12
color conversion matrix, 8-35
color transformation matrix, 7-13
Compressed Word Count registers, 7-
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compression ratio

range, 1-1
compression timing, 5-19
Configuration register, 7-28
CPGA package

physical dimensions, 6-24

pinout, 6-26
custom block sequencing, 8-56

D

DC characteristics, 6-2

DCT lookup table, 8-35

DCT tables, 7-15

DCT, see discrete cosine transform,
2-2

DCT/IDCT processor, 1-2

Decoder Code Order register, 7-27

Decoder DPCM Reset register, 7-20

Decoder Marker register, 7-26

Decoder Resume register, 7-26

Decoder Start register, 7-27

Decoder Table Sequence Length reg-
ister, 7-26

Decoding Mismatch Error Code reg-
ister, 7-28

Decoding Mismatch register, 7-27

decompression timing, 5-29

device reset, 8-38

discrete cosine transform, 2-2

theory, 2-4

DMA access timing, 4-12

DMA read timing, 4-17

DMA Request Interrupt Mask regis-
ter, 7-35

DMA write timing, 4-15

DMA_MSTR, 3-4, 4-12

DPCM register sequence program-
ming, 8-60

DRQ, 3-4, 4-12

AC timing, 6-5

E
8-bit grayscale, 1-2

F

FIFO Level register, 7-40
Flags register, 7-31

FRMEND, 3-7

FRMEND Enable register, 7-38

H
HActive register, 7-9
HALF_FULL, 4-26
HALF_FULL, 3-5
HBCLK, 3-7, 4-4
AC timing, 6-4
HBOUT, 3-4, 4-7
HBUS[31:0], 3-3

~ HBUS[31:0], 4-4

HBUS 32, 3-3, 3-4, 4-4

HControl register, 7-12

HControl registers, programming, 8-

34

HDelay register, 7-8

host bus interface, 1-1

host interface
AC timing, CPGA package, 6-14
AC timing, MQUAD package, 6-

15

block diagram, 4-2
burst-mode read, 4-22
burst-mode write, 4-20
design considerations, 4-23
error conditions, 4-9
functional description, 4-1
register access timing, 4-3
register read, 4-9
register write, 4-11
signal descriptions, 3-3

HPeriod register, 7-7

HSYRC, 3-10, 5-4

HSync register, 7-8

Huffman code tables, 7-20
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Huffman Table Load Enable register, N

7-20 NMRQ, 3-5, 4-26
Huffman table sequence program- NMRQ Interrupt Mask register, 7-33
ming, 8-59
Huffman Table Sequence register, 7- O
21 operating conditions, 6-2
Huffman tables, 1-2
detecting bad, 8-45 P
programming, 8-41 package, MQUAD, 1-2
HV Enable register, 7-13 package,PGA, 1-2
PGA package, 1-2
I pixel order conversion, 5-10
ID[3:0], 3-4, 4-4 PXADR[15:0], 3-8, 5-3
Init registers, 7-30 PXCLK, 3-11, 5-4
initialization procedures, 8-30 PXDAT[23:0], 3-8, 5-3
interface, host bus, 1-1 PXIN, 3-9, 5-3
interface, video, 1-1, 1-4 PXOUT, 3-9, 5-3
IRQI, 3-5, 4-26 PXPHASE, 3-11, 5-4
IRQ1 Mask register, 7-34 PXRE, 3-8, 5-3
IRQ2, 4-26 PXWE, 3-9, 5-3
IRQZ, 3-5

IRQ2 Interrupt Mask register, 7-37 Q
quantizer, 1-2

J Quantizer A/B Table Select register,
JPEG, 1-1 7-16
algorithm, 2-3 Quantizer A/B Table Sequence regis-
baseline sequential process, 2-2 ter, 7-18
entropy encoding, 2-8 Quantizer Sync register, 7-18
overview, 2-1 quantizer table programming, 8-50
quantization, 2-5 quantizer table scaling function, 8-51
zero run-length coding, 2-7 quantizer table sequence program-
JPEG video ming, 8-58
continuous stream model, 8-4 quantizer tables, 7-15
frame-by-frame model, 8-4 generating machine-loadable, 8-53
JPEG video concepts, 8-4 Quantizer Y/C Table Sequence regis-
ter, 7-17
M
MQUAD package, 1-2 R
physical dimensions, 6-29 register
pinout, 6-30 : CODEC, 7-39

CODEC FIFO, 7-40
Coder Attributes, 7-21
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Coder Coding Interval, 7-22

Coder Rate Control Active, 7-24

Coder Rate Control Enable, 7-24

Coder Robustness Active, 7-25

Coder RST Padding Control
Acive, 7-25

Coder Sync, 7-22

Coder/Decoder DPCM, 7-19

color transformation matrix, 7-13

Compressed Word Count, 7-23

Configuration, 7-28

DCT tables, 7-15

Decoder Code Order, 7-27

Decoder DPCM Reset, 7-20

Decoder Marker, 7-26

Decoder Resume, 7-26

Decoder Start, 7-27

Decoder Table Sequence Length,
7-26

Decoding Mismatch, 7-27

Decoding Mismatch Error Code,
7-28

DMA Request Interrupt Mask, 7-
35

DPCM, sequence programming,
8-60

FIFO Level, 7-40

Flags, 7-31

FRMEND Enable, 7-38

HActive, 7-9

HControl, 7-12

HControl, programming, 8-34

HDelay, 7-8

HPeriod, 7-7

HSync, 7-8

Huffman code tables, 7-20

Huffman Table Load Enable, 7-20

Huffman Table Sequence, 7-21

HV Enable, 7-13

Init, 7-30

IRQ1 Mask, 7-34

IRQ2 Interrupt Mask, 7-37

NMRQ Interrupt Mask, 7-33
Quantizer A/B Table Select, 7-16
Quantizer A/B Table Sequence, 7-
18
Quantizer Sync, 7-18
quantizer tables, 7-15
Quantizer Y/C Table Sequence, 7-
17
S-Reset, 7-29
Start, 7-29
Start of Frame, 7-26
VActive, 7-9, 7-11
VControl, 7-12
VControl, programming, 8-34
VDelay, 7-10
Version, 7-30
Vertical Line Count, 7-12
Video Latency, 7-11
VSync, 7-10
register reset values, 8-39
registers
compression and decompression,
7-15
pipeline configuration, 8-36
programming video control, 8-32
sequence control, 8-35
video field, 7-6
video interface, 7-6
RESET, 3-7, 4-25
AC timing, 6-4
RGB, 1-2 .
RST interval, selection, 8-36

S

signals, external
BLANK, 3-10, 5-4
CLK3, 3-11, 5-4
DMA_MSTR, 3-4, 4-12
DRQ, 3-4, 4-12
FRMEND, 3-7
HALF_FULL, 4-26
HALF_FULL, 3-5
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HBCIK, 3-7, 4-4
HBOUT, 3-4, 4-7
HBUS[31:0], 3-3
HBUS[3T0], 4-4

HBUS_32, 3-3,3-4,4-4

HASYNC, 3-10, 5-4
ID[3:0], 4-4
ID[3:0], 3-4
TRQT, 3-5, 4-26
IRQ2, 4-26

IRQZ, 3-5
NMRQ, 3-5, 4-26

PXADR[15:0], 3-8, 5-3

PXCLK, 3-11, 5-4

PXDAT[23:0], 3-8, 5-3

PXIN, 3-9, 5-3
PXOUT, 3-9, 5-3
PXPHASE, 3-11, 5-4
PXRE, 3-8, 5-3
PXWE, 3-9, 5-3
RESET, 3-7, 4-25
STALL, 3-10
STALL, 5-3, 5-7
START, 3-6, 4-4
TEST, 3-8
TMO, 3-6, 4-5
TMI, 3-6, 4-5
™2, 3-7, 4-5
TMOUT, 3-7, 4-5
VSYNC, 3-10, 5-4
S-Reset register, 7-29
STALL, 3-10
STALL, 5-3, 5-7
START, 3-6, 4-4

Start of Frame register, 7-26

Start register, 7-29
startup sequence, 8-37

synchronous interface, 5-18

T
table
DCT lookup, 8-35
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Huffman, sequence programming,
8-59
quantizer, programming, 8-50
quantizer, scaling function, 8-51
quantizer, sequence programming,
8-58
tables
DCT, 7-15
Huffman code, 7-20
Huffman, loading, 8-37
Huffman, programming, 8-41
quantizer, 7-15
quantizer, generating machine-
loadable, 8-53
quantizer, loading, 8-37
TEST, 3-8
timing
DMA access, 4-12
DMA read, 4-17
DMA write, 4-15
TMO, 3-6, 4-5
TMT, 3-6, 4-5
™2, 3-7,4-5 .
TMOUT, 3-7, 4-5

A\
VActive register, 7-9, 7-11
VControl register, 7-12
VControl registers, programming, 8-
34
VDelay register, 7-10
Version register, 7-30
Vertical Line Count register, 7-12
video field registers, 7-6
video interface, 1-1, 1-4
AC timing, 6-16
AC timing, CPGA package, 6-21
AC timing, full-rate compression,
6-17
AC timing, full-rate decompres-
sion, 6-18
AC timing, half-rate compression,



6-19
AC timing, half-rate decompres-
sion, 6-20
AC timing, MQUAD package, 6-
22
block diagram, 5-2
color conversion, 5-12
color modes, 5-6
compression timing, 5-19
decompression timing, 5-29
functional description, 5-1
modes, 5-7
pixel order conversion, 5-10
programming control registers, 8-
32
registers, 7-6
signal descriptions, 3-8
window management, 5-12
Video Latency register, 7-11
video resolution
CCIR 601, 1-2
CIF, 1-2
VSYNG, 3-10, 5-4
VSync register, 7-10

Y
YUV, 1-2
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C-Cube Microsystems is always working to improve the quality of our
documentation. If you have comments or suggestions on this document,
please mark up a copy of the page or pages, or send us e-mail. We will
acknowledge all comments received. Our address is:

Technical Publications Department
C-Cube Microsystems

1778 McCarthy Boulevard
Milpitas, CA 95035

phone: (408) 944-6300
fax: (408) 944-6314

e-mail: techpubs@c-cube.com



North American Representatives

Alabama

M1

1910 Sparkman Avenue
Huntsville, AL 35816
phone: 205-830-0498
fax: 205-837-7049

Arkansas

TL Marketing

14850 Quorum Dir., Suite 100
Dallas, TX 75240

phone: 214-490-9300

fax: 214-960-6075

California

Bager Electronics
519 Encinitas Blvd.
Encinitas, CA 92024
phone: 619-632-8816
fax: 619-632-8810

Bager Electronics

17220 Newhope Street, Suite 209
Fountain Valley, CA 92708
phone: 714-957-3367

fax: 714-546-2654

Bager Electronics

6324 Variel, Suite 314
Woodland Hills, CA 91367
phone: 818-712-0011

fax: 818-712-0160

Norcomp

2140 Professional Drive, #200
Roseville, CA 95661

phone: 916-782-8070

fax: 916-782-8073

Norcomp

3350 Scott Blvd.

Santa Clara, CA 95054
phone: 408-727-7707
fax: 408-986-1947

Colorado

Promotech Sales, Inc.
2901 S. Colorado Blvd.
Denver, CO 80222
phone: 303-692-8484
fax: 303-692-8416

Florida

Semtronic Associates

657 Maitland Avenue
Altamonte Springs, FL 32701
phone: 407-831-8233

fax: 407-831-2844

Semtronic Associates
1467 S. Missouri Avenue
Clearwater, FL 34616
phone: 813-461-4675
fax: 813-442-2234

Semtronic Associates
3471 NW 55th Street

Ft. Lauderdale, FL 33309
phone: 305-731-2484
fax: 305-731-1019

Georgia

M2

3000 Northwoods Parkway #110
Norcross, GA 30071

phone: 404-447-6124

fax: 404-447-0422

Hawaii

Bager Electronics

17220 Newhope Street, Suite 209
Fountain Valley, CA 92708
phone: 714-957-3367

fax: 714-546-2654

Ilinois

Beta Technology Sales, Inc.
1009 Hawthorn Drive
Itasca, IL 60143

phone: 708-250-9586

fax: 708-250-9592

Towa

Cahill, Schmitz & Howe
226 Sussex Drive. N.E.
Cedar Rapids, IA 52402
phone: 319-377-8219
fax 319-377-0958

Louisiana

TL Marketing

14850 Quorum Dr., Suite 100
Dallas, TX 75240

phone: 214-490-9300

fax: 214-960-6075

Massachusetts

Advanced Technical Services
348 Park Street, Suite 102
North Reading, MA 01864
phone: 508-664-0888

fax: 508-664-5503

Minnesota

Cahill, Schmitz & Cahill, Inc.
315 N. Pierce Street

St. Paul, MN 55104

phone: 612-646-7217

fax: 612-646-4484

Mississippi

M2

1910 Sparkman Avenue
Huntsville, AL 35816
phone: 205-830-0498
fax: 205-837-7049

Montana

Promotech Sales, Inc.
2901 S. Colorado Blvd.
Denver, CO 80222
phone: 303-692-8484
fax: 303-692-8416

Nevada

Clark County Only
Bager Electronics

6324 Variel, Suite 314
Woodland Hills, CA 91367
phone: 818-712-0011

fax: 818-712-0160

Other

Norcomp

2140 Professional Drive, #200
Roseville, CA 95661

phone: 916-782-8070

fax: 916-782-8073



New Jersey

Parallax

734 Walt Whitman Road
Melville, NY 11747
phone: 516-351-1000
fax: 516-351-1606

New York

Empire Technical Associates
29 Fennell Street, Suite A
Skaneateles, NY 13152
phone: 315-685-5703

fax: 315-685-5979

Empire Technical Associates
349 W. Commercial Street
Suite 2920

East Rochester, NY 14445
phone: 716-381-8500

fax: 716-381-0911

Parallax

734 Walt Whitman Road
Melville, NY 11747
phone: 516-351-1000
fax: 516-351-1606

North Carolina

M2

1200 Trinity Road
Raleigh, NC 27607
phone: 919-851-0010
fax: 919-851-6620

North Dakota

Cahill, Schmitz & Cahill, Inc.
315 N. Pierce Street

St. Paul, MN 55104

phone: 612-646-7217

fax: 612-646-4484

OKklahoma

TL Marketing

14850 Quorum Dr., Suite 100
Dallas, TX 75240

phone: 214-490-9300

fax: 214-960-6075

South Carolina

M1

1200 Trinity Road
Raleigh, NC 27607
phone: 919-851-0010
fax: 919-851-6620

South Dakota

Cahill, Schmitz & Cahill, Inc.
315 N. Pierce Street

St. Paul, MN 55104

phone: 612-646-7217

fax: 612-646-4484

Tennessee

M1

3000 Northwoods Parkway #110
Norcross, GA 30071

phone: 404-447-6124

fax: 404-447-0422

Texas

TL Marketing

14850 Quorum Dr., Suite 100
Dallas, TX 75240

phone: 214-490-9300

fax: 214-960-6075

TL Marketing

8100 Shoal Creek, Suite 250
Austin, TX 78758

phone: 512-371-7272

fax: 512-371-0727

TL Marketing

14343 Tory Chase Blvd. Suite I
Houston, TX 77014

phone: 713-587-8100

fax: 713-580-7517

Wisconsin

Western

Cahill, Schmitz & Cahill, Inc.
315 N. Pierce Street

St. Paul, MN 55104

phone: 612-646-7217

fax: 612-646-4484

Eastern

Beta Technology Sales, Inc.
9401 W. Beloit Road, Suite 409
Milwaukee, WI 53227

phone: 414-543-6609

fax: 414-543-9288

Canada

Electrosource

230 Galaxy Blvd.
Rexdale, ONT
Canada M9W 5R8
phone: 416-675-4490
fax: 416-675-6871

Electrosource

230 Galaxy Blvd.
Rexdale, ONT
Canada M9W 5R8
phone: 416-675-4490
fax: 416-675-6871

Electrosource

340 March Road, Suite 503
Kanata, ONT

Canada

K2K 2E4

phone: 613-592-3214

fax: 613-592-4256

Electrosource

6600 Trans Canada Highway,
Suite 420

Pointe Claire, Quebec

HOR 452

phone: 514-630-7486

fax: 514-630-7421

Others (Not Listed)
Contact nearest office of
C-Cube Microsystems
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phone: (61) 2-874-0122
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Hong Kong

MEMEC Asia Pacific
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Hong Kong

phone: (852) 410-2780
fax: (852) 418-1600
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Fuso Building, 7F, 2-12-8
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Yokohama, Kanagawa 222
Japan

phone: (81) 45-474-7571
fax: (81) 45-474-7570

Korea

MEMEC Asia Pacific
(Rep/Dist.)

4th Floor, Jac Woong Bldg
176-11 Nonhyun-Dong
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Seoul

Korea

phone: (82) 2-518-8181
fax: (82) 2-518-9419
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Taipei
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