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Chapter 1

Introduction

A popular buzzword has been “conver-
gence”—the intersection of various technolo-
gies that were previously unrelated. One of
the key elements of multimedia convergence
in the home and business has been video.

A few short years ago, the applications for
video were somewhat confined—analog broad-
cast and cable television, analog VCRs, analog
settop boxes with limited functionality, and
simple analog video capture for the personal
computer (PC). Since then, there has been a
tremendous and rapid conversion to digital
video, mostly based on the MPEG and DV
(Digital Video) standards.

Today we have:

e DVD and SuperVCD Players and Record-
ers. An entire movie can be stored digi-
tally on a single disc. Although early
systems supported composite and s-
video, they rapidly added component
video connections for higher video qual-
ity. The latest designs already support
progressive scan capability, pushing the
video quality level even higher.

o Digital VCRs and Camcorders. DVCRs

that store digital audio and video on tape
are now common. Many include an
IEEE 1394 interface to allow the trans-
fer of audio and video digitally in order
to maintain the high quality video and
audio.

o Digital Settop Boxes. These interface the

television to the digital cable, satellite,
or broadcast system. In addition, many
now also provide support for interactiv-
ity, datacasting, sophisticated graphics,
and internet access. Many will include
DVI and IEEE 1394 interfaces to allow
the transfer of audio, video, and data
digitally.

e Digital Televisions (DTV). These

receive and display digital television
broadcasts, either via cable, satellite, or
over-the-air. Both standard-definition
(SDTV) and high-definition (HDTV)
versions are available.
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e Game Consoles. Powerful processing
and graphics provide realism, with the
newest systems supporting DVD play-
back and internet access.

® Video Editing on the Personal Computer.
Continually increasing processing
power allows sophisticated video edit-
ing, real-time MPEG decoding, fast
MPEG encoding, etc.

o Digital Transmission of Content. This
has now started for broadcast, cable,
and satellite systems. The conversion to
HDTYV has started, although many
countries are pursuing SDTV, upgrad-
ing to HDTV at a later date.

Of course, there are multiple HDTV and
SDTV standards, with the two major differ-
ences being the USA-based ATSC (Advanced
Television Systems Committee) and the Euro-
pean-based DVB (Digital Video Broadcast).
Each has minor variations that is unique to
each country's requirements regarding band-
width allocation, channel spacing, receiving
distance, etc.

Adding to this complexity is the ability to
support:

o Captioning, Teletext, and V-Chip. With
the introduction of digital transmission,
the closed captioning, teletext, and vio-
lence blocking (“V-chip”) standards had
to be redefined.

e [nteractivity. This new capability allows
television viewers to respond in real-
time to advertisements and programs.
Example applications are ordering an
item that is being advertised or playing
along with a game show contestant.

¢ Datacasting. This new technology trans-
mits data, such as the statistics of the
pitcher during a baseball game, stock
market quotes, software program
updates, etc. Although datacasting has
been implemented using analog teletext
capability, digital implementations are
able to transfer much more data in
much less time.

e Electronic Program Guides. EPGs are
moving from being simple scrolling dis-
plays to sophisticated programs that
learn your viewing habits, suggest pro-
grams, and automatically record pro-
grams to a hard drive for later viewing.

In addition to the MPEG and DV stan-
dards, there are several standards for transfer-
ring digital video between equipment. They
promise much higher video quality by elimi-
nating the digital-to-analog and analog-to-digi-
tal conversions needed for analog interfaces.

e JEEE 1394. This high-speed network
enables transferring real-time com-
pressed, copy-protected digital video
between equipment. It has been popular
on digital camcorders for the last few
years.

e DVI. The Digital Visual Interface allows
the transfer for real-time uncompressed,
copy-protected digital video between
equipment. Originally developed for
PCs, it is applicable to any device that
needs to interface to a display.

e USB. The 480 Mbps version of Univer-
sal Serial Bus enables transferring real-
time uncompressed, copy-protected dig-
ital video between equipment.
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Of course, in the middle of all of this is the
internet, capable of transferring compressed
digital video and audio around the world to any
user at any time.

This third edition of Video Demystified has
been updated to reflect these changing times.
Implementing “real-world” video is not easy,
and many engineers have little knowledge or
experience in this area. This book is a guide
for those engineers charged with the task of
understanding and implementing video fea-
tures into next-generation designs.

This book can be used by engineers who
need or desire to learn about video, VLSI
design engineers working on new video prod-
ucts, or anyone who wants to evaluate or sim-
ply know more about video systems.

Contents

The remainder of the book is organized as fol-
lows:

Chapter 2, an introduction to video, dis-
cusses the various video formats and signals,
where they are used, and the differences
between interlaced and progressive video.
Block diagrams of DVD players and digital set-
top boxes are provided.

Chapter 3 reviews the common color
spaces, how they are mathematically related,
and when a specific color space is used. Color
spaces reviewed include RGB, YUV, YIQ,
YCbCr, HSI, HSV, and HLS. Considerations for
converting from a non-RGB to a RGB color
space and gamma correction are also dis-
cussed.

Chapter 4 is a video signals overview that
reviews the video timing, analog representa-
tion, and digital representation of various video
formats, including 480i, 480p, 576i, 576p, 720p,
1080i, and 1080p.

Chapter 5 discusses the analog video inter-
faces, including the analog RGB, YPbPr, s
video, and SCART interfaces for SDTV and
HDTV consumer and pro-video applications.

Chapter 6 discusses the various parallel
and serial digital video interfaces for semicon-
ductors, pro-video equipment, and consumer
SDTV and HDTV equipment. Reviews the
BT.656, VMI, VIP, and ZV Port semiconductor
interfaces, the SDI, SDTI and HD-SDTI pro-
video interfaces, and the DVI, DFP, OpenLDI,
GVIF, and IEEE 1394 consumer interfaces.
Also reviewed are the formats for digital audio,
timecode, error correction, etc. for transmis-
sion over various digital interfaces.

Chapter 7 covers several digital video pro-
cessing requirements such as 4:4:4 to 4:2:2
YCbCr, YCbCr digital filter templates, scaling,
interlaced/noninterlaced conversion, scan rate
conversion (also called frame-rate, field-rate, or
temporal-rate  conversion), alpha mixing,
flicker filtering, chroma Kkeying, and DCT-
based video compression. Brightness, con-
trast, saturation, hue, and sharpness controls
are also discussed.

Chapter 8 provides an NTSC, PAL, and
SECAM overview. The various composite ana-
log video signal formats are reviewed, along
with video test signals. VBI data discussed
includes timecode (VITC and LTC), closed
captioning and extended data services (XDS),
widescreen signaling (WSS), and teletext. In
addition, PALplus, RF modulation, BTSC and
Zweiton analog stereo audio, and NICAM 728
digital stereo audio are reviewed.

Chapter 9 covers digital techniques used
for the encoding and decoding of NTSC and
PAL color video signals. Also reviewed are var-
ious luma/chroma (Y/C) separation tech-
niques and their trade-offs.

Chapter 10 discusses the H.261 and H.263
video compression standards used for video
teleconferencing.
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Chapter 11 discusses the Consumer DV
digital video compression standards used by
digital VCRs and digital camcorders.

Chapter 12 reviews the MPEG 1 video
compression standard.

Chapter 13 discusses the MPEG 2 video
compression standard used by DVD, SVCD,
and DTV.

Chapter 14 is a Digital Television (DTV)
overview, discussing the ATSC and DVB
SDTV and HDTV standards.

Finally, a glossary of over 400 video terms
has been included for reference. If you encoun-
ter an unfamiliar term, it likely will be defined
in the glossary.

Organization Addresses

Many standards organizations, some of which
are listed below, are involved in specifying
video standards.

Advanced Television Systems Committee (ATSC)
1750 K Street NW
Suite 1200
Washington, DC 20006
Tel: (202) 828-3130
Fax: (202) 828-3131
http://www.atsc.org/

Digital Video Broadcasting (DVB)
17a Ancienne Route
CH-1218 Grand Sacconnex
Geneva,
Switzerland
Tel: +41 22 717 27 19
Fax: +41 22 717 27 27
http://www.dvb.org/

European Broadcasting Union (EBU)
Ancienne route 17A
CH-1218 Grand-Saconnex GE
Switzerland
Tel: +41-22-717-2111
Fax: +41-22-717-4000
http://www.ebu.ch/

Electronic Industries Alliance (EIA)
2500 Wilson Boulevard
Arlington, Virginia 22201
Tel: (703) 907-7500
Fax: (703) 907-7501
http://www.eia.org/

European Telecommunications Standards
Institute (ETSI)
650, route des Lucioles
06921 Sophia Antipolis, France
Tel: +33 4 92 94 42 00
Fax: +33 4 93 65 47 16
http://www.etsi.org/

International Electrotechnical Commission (IEC)
3, rue de Varembé
P.O. Box 131
CH - 1211 GENEVA 20
Switzerland
Tel: +41 22 919 02 11
Fax: +41 22 919 03 00
http://www.iec.ch/

Institute of Electrical and Electronics Engineers
(IEEE)

1828 L Street, N.W., Suite 1202

‘Washington, D.C. 20036

Tel: (202) 785-0017

http://www.ieee.org/
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http://www.etsi.org
http://www.iec.ch
http://www.ieee.org
http://www.ebu.ch
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International Telecommunication Union (ITU)
Place des Nations
CH-1211 Geneva 20
Switzerland
Tel: +41 22 730 5111
Fax: +41 22 733 7256
http://www.itu.int/

Society of Cable Telecommunications Engineers
(SCTE)

140 Philips Road

Exton, PA 19341

Tel: (800) 542-5040

Fax: (610) 363-5898

http://www.scte.org/

Society of Motion Picture and Television
Engineers (SMPTE)
595 West Hartsdale Avenue
White Plains, New York 10607 USA
Tel: (914) 761-1100
Fax: (914) 761-3115
http://www.smpte.org/

Video Electronics Standards Association (VESA)
920 Hillview Ct., Suite 140
Milpitas, CA 95035
Tel: (408) 957-9270
http://www.vesa.org/

Video Demystified Web Site

At the Video Demystified web site, you'll find
links to chip, PC add-in board, system, and
software companies that offer video products.
Links to related on-line periodicals, news-
groups, standards, standards organizations,
associations, and books are also available.

http://www.video-demystified.com/
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Chapter 2

Introduction
to Video

Although there are many variations and imple-
mentation techniques, video signals are just a
way of transferring visual information from
one point to another. The information may be
from a VCR, DVD player, a channel on the
local broadcast, cable television, or satellite
system, the internet, game console, or one of
many other sources.

Invariably, the video information must be
transferred from one device to another. It
could be from a settop box or DVD player to a
television. Or it could be from one chip to
another inside a settop box or television.
Although it seems simple, there are many dif-
ferent requirements, and therefore, many dif-
ferent ways of doing it.

Analog vs. Digital

Until recently, most video equipment was
designed primarily for analog video. Digital
video was confined to professional applica-
tions, such as video editing.

The average consumer now has access to digi-
tal video thanks to continuing falling costs.
This trend has led to the development of DVD
players, digital settop boxes, digital television
(DTV), and the ability to use the internet for
transferring video data.

Video Data

Initially, video contained only analog gray-scale
(also called black-and-white) information.
While color broadcasts were being devel-
oped, attempts were made to transmit color
video using analog RGB (red, green, blue)
data. However, this technique occupied 3¥
more bandwidth than the current gray-scale
solution, so alternate methods were developed
that led to using YIQ or YUV data to represent
color information. A technique was then devel-
oped to transmit this analog YIQ or YUV infor-
mation using one signal, instead of three
separate signals, and in the same bandwidth as
the original gray-scale video signal. This com-
posite video signal is what the NTSC, PAL, and
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SECAM video standards are still based on
today. This technique is discussed in more
detail in Chapters 8 and 9.

Today, even though there are many ways
of representing video, they are still all related
mathematically to RGB. These variations are
discussed in more detail in Chapter 3.

Several years ago, s-video was developed
for connecting consumer equipment together
(it is not used for broadcast purposes). It is a
set of two analog signals, one analog Y and one
that carries the analog U and V information in
a specific format (also called C or chroma).
Once available only on S-VHS machines, it is
now present on many televisions, settop boxes,
and DVD players. This is discussed in more
detail in Chapter 9.

Although always used by the professional
video market, analog RGB video data has made
a come-back for connecting consumer equip-
ment together. Like s-video, it is not used for
broadcast purposes.

A variation of the analog YUV video signal,
called YPbPr, is now also used for connecting
consumer equipment together. Some manufac-
turers incorrectly label the YPbPr connectors
YUV, YCbCr, or YB-Y) RY).

Chapter 5 discusses the various analog
interconnect schemes in detail.

Digital Video

Recently, digital video has become available to
consumers, and is rapidly taking over most of
the video applications.

The most common digital signals used are
RGB and YCbCr. RGB is simply the digitized
version of the analog RGB video signals.
YCbCr is basically the digitized version of the
analog YUV and YPbPr video signals. YCbCr is
the format used by DVD and digital television.

Chapter 6 further discusses the various
digital interconnect schemes.

Best Connection Method

There is always the question of “what is the
best connection method for equipment?”. For
consumer equipment, in order of decreasing
video quality, here are the alternatives:

1. Digital YCbCr

2. Digital RGB

3. Analog YPbPr

4. Analog RGB

5. Analog S-video

6. Analog Composite

Some will disagree about the order of ana-
log YPbPr vs. analog RGB. However, most of
the latest televisions, DVD players, personal
video recorders (PVRs), and digital settop
boxes do video processing in the YCbCr color
space. Therefore, using analog YPbPr as the
interconnect for equipment reduces the num-
ber of color space conversions required.

The same reasoning is used for placing
digital YCbCr above digital RGB, when digital
interconnect is available for consumer equip-
ment.

The computer industry has standardized
on analog and digital RGB for connecting to
the computer monitor.

Video Timing

Although it looks like video is continuous
motion, it is actually a series of still images,
changing fast enough that it looks like continu-
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IMAGE 4

IMAGE 3

IMAGE 2

IMAGE 1

TIME

4

Figure 2.1. Video Is Composed of a Series of Still Images. Each Image Is Composed of Individual

Lines of Data.

ous motion, as shown in Figure 2.1. This typi-
cally occurs 50 or 60 times per second for
consumer video, and 70-90 times per second
for computers. Therefore, timing information,
called vertical sync, is needed to indicate when
a new image is starting.

Each still image is also composed of scan
lines, lines of data that occur sequentially one
after another down the display, as shown in
Figure 2.1. Thus, timing information, called
horizontal sync, is needed to indicate when a
new scan line is starting.

The vertical and horizontal sync informa-
tion is usually transferred in one of three ways:

1. Separate horizontal and vertical sync
signals
2. Separate composite sync signal

3. Composite sync signal embedded within
the video signal

The composite sync signal is a combina-
tion of both vertical and horizontal sync.

Computers and consumer equipment that
use analog RGB video usually rely on tech-
niques 1 and 2. Devices that use analog YPbPr
video usually use technique 3.

For digital video, either technique 1 is
commonly used or timing code words are
embedded within the digital video stream. This
can be seen in Chapter 6.

Interlaced vs. Progressive

Since video is a series of still images, it makes
sense to just display each full image consecu-
tively, one after the another.

This is the basic technique of progressive,
or non-interlaced, displays. For displays that
“paint” an image on the screen, such as a CRT,
each image is displayed starting at the top left
corner of the display, moving to the right edge



Video Resolution 9

of the display. Then scanning then moves
down one line, and repeats scanning left-to-
right. This process is repeated until the entire
screen is refreshed, as seen in Figure 2.2.

In the early days of television, a technique
called “interlacing” was used to reduce the
amount of information sent for each image. By
transferring the odd-numbered lines, followed
by the even-numbered lines (as shown in Fig-
ure 2.3), the amount of information sent for
each image was halved. Interlacing is still used
for most consumer applications, except for
computer monitors and some new digital tele-
vision formats.

Given this advantage of interlaced, a com-
mon question is why bother to use progres-
sive?

With interlace, each scan line is refreshed
half as often as it would be if it were a progres-
sive display. Therefore, to avoid line flicker on
sharp edges due to a too-low refresh rate, the
line-to-line changes are limited, essentially by
vertically lowpass filtering the image. A pro-
gressive display has no limit on the line-to-line
changes, so is capable of providing a higher-
resolution image (vertically) without flicker.

However, a progressive display will show
50 or 60 Hz flicker in large regions of constant
color. Therefore, it is useful to increase the dis-
play refresh, to 72 Hz for example. However,
this increases the cost of the CRT circuitry and
the video processing needed to generate addi-
tional images from the 50 or 60 Hz source.

For the about same cost as a 50 or 60 Hz
progressive display, the interlaced display can
double its refresh rate (to 100 or 120 Hz) in an
attempt to remove flicker. Thus, the battle
rages on.

Video Resolution

Video resolution is one of those “fuzzy” things
in life. It is common to see video resolutions of
720 x 480 or 1920 x 1080. However, those are
just the number of horizontal samples and ver-
tical scan lines, and do not necessarily convey
the amount of unique information.

For example, an analog video signal can be
sampled at 13.5 MHz to generate 720 samples
per line. Sampling the same signal at 27 MHz
would generate 1440 samples per line. How-
ever, only the number of samples per line has
changed, not the resolution of the content.

Therefore, video is usually measured
using “lines of resolution”. In essence, how
many distinct black and white vertical lines can
be seen across the display? This number is
then normalized to a 1:1 display aspect ratio
(dividing the number by 3/4 for a 4:3 display,
or by 9/16 for a 16:9 display). Of course, this
results in a lower value for widescreen (16:9)
displays, which goes against intuition.

Standard Definition

Standard definition video usually has an active
resolution of 720 x 480 or 720 x 576 interlaced.
This translates into a maximum of about 540
lines of resolution, or a 6.75 MHz bandwidth.

Standard NTSC, PAL, and SECAM sys-
tems fit into this category. For broadcast
NTSC, with a maximum bandwidth of about
4.2 MHz, this results in about 330 lines of reso-
lution.
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Figure 2.2. Progressive Displays “Paint” the Lines of An Image Consecutively, One After Another.

Figure 2.3. Interlaced Displays “Paint” First One-Half of the Image (0Odd Lines), Then the Other

Half (Even Lines).
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Enhanced Definition

The latest new category, enhanced definition
video, is usually touted as having an active res-
olution of 720 x 480 progressive or greater.

The basic difference between standard and
enhanced definition is that standard definition
is interlaced, while enhanced definition is pro-
gressive.

High Definition

High definition video is usually defined as hav-
ing an active resolution of 1920 x 1080 inter-
laced or 1280 x 720 progressive.

Video Compression

The latest advances in consumer electronics,
such as digital television (cable, satellite, and
broadcast), DVD players and recorders, and
PVRs, were made possible due to audio and
video compression, based largely on MPEG 2.

Core to video compression are motion esti-
mation (during encoding), motion compensa-
tion (during decoding), and the discrete cosine
transform (DCT). Since there are entire books
dedicated to these subjects, they are covered
only briefly in this book.

Application Block Diagrams

Looking at a few simplified block diagrams
helps envision how video flows through its var-
ious operations.

Video Capture Boards

Figure 2.4 illustrates two common implementa-
tions for video capture boards for the PC.

In the first diagram, uncompressed video
is sent to memory for processing and display
via the PCI bus. More recent versions are able
to also digitize the audio and send it to mem-
ory via the PCI bus, rather than driving the
sound card directly.

In the second diagram, the video is input
directly into the graphics controller chip,
which sizes and positions the video for display.
This implementation has the advantage of min-
imizing PCI or AGP bus bandwidth.

In either case, the NTSC/PAL decoder
chip could be replaced with a DTV decoder
solution to support digital television viewing.

DVD Players

Figure 2.5 is a simplified block diagram for a
DVD player, showing the common audio and
video processing blocks.

DVD is based on MPEG 2 video compres-
sion, and Dolby Digital or DTS audio compres-
sion. The information is also scrambled (CSS)
on the disc to copy protect it.

The sharpness adjustment was originally
used to compensate for the “tweaking” televi-
sions do to the video signal before display.
Unless the sharpness control of the television
is turned down, DVD sources can look poor
due to it being much better than typical broad-
cast sources. To compensate, DVD players
added a sharpness control to dull the image;
the television “tweaks” the sharpness back up
again. This avoided turning the sharpness up
and down each time a different video source is
selected (DVD vs. cable for example). With
many televisions now able to have a sharpness
adjustment for each individual input, having
this control in the DVD player is redundant.

There may also be user adjustments, such
as brightness, contrast, saturation, and hue to
enable adjusting the video quality to personal
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Figure 2.4. Simplified Block Diagrams of a Video Capture Card for PCs.

preferences. Again, with televisions now able
to have these adjustments for each individual
video input, they are largely redundant.
In an attempt to “look different” on the
showroom floor and quickly grab your atten-
tion, some DVD players “tweak” the video fre-
quency response. Since this “feature” is
usually irritating over the long term, it should
be defeated or properly adjusted. For the “film
look” many viewers strive for, the frequency
response should be as flat as possible.

Another problem area is the output levels
of the analog video signals. Although it is easy
to generate very accurate video levels, they
seem to vary considerably. Reviews are now
pointing out this issue since switching between
sources may mean changing brightness or
black levels, defeating any television calibra-
tion or personal adjustments that may have
been done by the user.
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Figure 2.5. Simplified Block Diagram of a DVD Player.

Digital Television Settop Boxes
The digital television standards fall into five
major categories:
1. ATSC (Advanced Television Systems
Committee)
2. DVB (Digital Video Broadcast)

3. ARIB (Association of Radio Industries
and Businesses)

4. Digital cable standards, such as Open
Cable

5. Proprietary standards, such as DirectTV

These are based on MPEG 2 video com-
pression, with Dolby Digital or MPEG audio
compression. The transmission methods and
capabilities beyond basic audio and video are
the major differences between the standards.

Figure 2.6 is a simplified block diagram for
a digital television settop box, showing the
common audio and video processing blocks. It
is used to enable a standard television to dis-
play digital television broadcasts, from either
over-the-air, cable, or satellite. A digital televi-
sion includes this circuitry inside the televi-
sion.
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Figure 2.6. Simplified Block Diagram of a Digital Television Settop Box.



Color Spaces

A color space is a mathematical representation
of a set of colors. The three most popular color
models are RGB (used in computer graphics);
YIQ, YUV, or YCbCr (used in video systems);
and CMYK (used in color printing). However,
none of these color spaces are directly related
to the intuitive notions of hue, saturation, and
brightness. This resulted in the temporary pur-
suit of other models, such as HSI and HSV, to
simplify programming, processing, and end-
user manipulation.

All of the color spaces can be derived from
the RGB information supplied by devices such
as cameras and scanners.

BLUE

RGB Color Space

The red, green, and blue (RGB) color space is
widely used throughout computer graphics.
Red, green, and blue are three primary addi-
tive colors (individual components are added
together to form a desired color) and are rep-
resented by a three-dimensional, Cartesian
coordinate system (Figure 3.1). The indicated
diagonal of the cube, with equal amounts of
each primary component, represents various
gray levels. Table 3.1 contains the RGB values
for 100% amplitude, 100% saturated color bars,
a common video test signal.

CYAN

MAGENTA

BLACK

WHITE

GREEN

RED

YELLOW

Figure 3.1. The RGB Color Cube.
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— 1]

S = £ o S S Q o
R 0to 255 255 255 0 0 255 255 0 0
G 0to 255 255 255 255 255 0 0 0 0
B 0to 255 255 0 255 0 255 0 255 0

Table 3.1. 100% RGB Color Bars.

The RGB color space is the most prevalent
choice for computer graphics because color
displays use red, green, and blue to create the
desired color. Therefore, the choice of the
RGB color space simplifies the architecture
and design of the system. Also, a system that is
designed using the RGB color space can take
advantage of a large number of existing soft-
ware routines, since this color space has been
around for a number of years.

However, RGB is not very efficient when
dealing with “real-world” images. All three
RGB components need to be of equal band-
width to generate any color within the RGB
color cube. The result of this is a frame buffer
that has the same pixel depth and display reso-
lution for each RGB component. Also, process-
ing an image in the RGB color space is usually
not the most efficient method. For example, to
modify the intensity or color of a given pixel,
the three RGB values must be read from the
frame buffer, the intensity or color calculated,
the desired modifications performed, and the
new RGB values calculated and written back to
the frame buffer. If the system had access to an
image stored directly in the intensity and color
format, some processing steps would be faster.

For these and other reasons, many video
standards use luma and two color difference
signals. The most common are the YUV, YIQ,

and YCbCr color spaces. Although all are
related, there are some differences.

YUV Color Space

The YUV color space is used by the PAL
(Phase Alternation Line), NTSC (National
Television System Committee), and SECAM
(Sequentiel Couleur Avec Mémoire or Sequen-
tial Color with Memory) composite color video
standards. The black-and-white system used
only luma (Y) information; color information
(U and V) was added in such a way that a
black-and-white receiver would still display a
normal black-and-white picture. Color receiv-
ers decoded the additional color information to
display a color picture.

The basic equations to convert between
gamma-corrected RGB (notated as RG'B” and
discussed later in this chapter) and YUV are:

Y =0.299R" + 0.587G" + 0.114B’

U=-0.147R" - 0.289G" + 0.436B’
=0.492 B'-Y)

V=0.615R"-0.515G" - 0.100B’
=0.877(R"-Y)
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R =Y +1.140V
G =Y-0.395U - 0.581V
B =Y +2.032U

For digital R'G'B’ values with a range of 0
255, Y has a range of 0-255, U a range of 0 to
+112, and V a range of 0 to £157. These equa-
tions are usually scaled to simplify the imple-
mentation in an actual NTSC or PAL digital
encoder or decoder.

Note that for digital data, 8bit YUV and
R'G'B’ data should be saturated at the 0 and
255 levels to avoid underflow and overflow
wrap-around problems.

If the full range of (B'-Y) and (R"-Y) had
been used, the composite NTSC and PAL lev-
els would have exceeded what the (then cur-
rent) black-and-white television transmitters
and receivers were capable of supporting.
Experimentation determined that modulated
subcarrier excursions of 20% of the luma (Y)
signal excursion could be permitted above
white and below black. The scaling factors
were then selected so that the maximum level
of 75% amplitude, 100% saturation yellow and
cyan color bars would be at the white level
(100 IRE).

YIQ Color Space

The YIQ color space, further discussed in
Chapter 8, is derived from the YUV color space
and is optionally used by the NTSC composite
color video standard. (The “I” stands for “in-
phase” and the “Q” for “quadrature,” which is
the modulation method used to transmit the
color information.) The basic equations to con-
vert between R'G'B’ and YIQ are:

Y =0.299R" + 0.587G" + 0.114B’

I =0.596R" -0.275G" - 0.321B’
=Vcos 33° - Usin 33°
=0.736(R'-Y) -0.268(B'-Y)

Q=0.212R" - 0.523G" + 0.311B’
=Vsin 33° + Ucos 33°
=0478R -Y) +0.413B'-Y)

or, using matrix notation:

I| —0 1|{lcos(33) sin(33)||U
(@) 1 0] [+sin(B3) cos(B3)| |V
R =Y +0.956I + 0.621Q

G =Y-0.272I-0.647Q
B'=Y-1.107T+ 1.704Q

For digital R'G'B’ values with a range of 0
255, Y has a range of 0-255, I has a range of 0
to 152, and Q has arange of 0 to +134. I and Q
are obtained by rotating the U and V axes 33°.
These equations are usually scaled to simplify
the implementation in an actual NTSC digital
encoder or decoder.

Note that for digital data, 8bit YIQ and
R'G'B’ data should be saturated at the 0 and
255 levels to avoid underflow and overflow
wrap-around problems.

YCbCr Color Space

The YCbCr color space was developed as part
of ITU-R BT.601 during the development of a
world-wide digital component video standard
(discussed in Chapter 4). YCbCr is a scaled
and offset version of the YUV color space. Y is
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defined to have a nominal 8bit range of 16—
235; Cb and Cr are defined to have a nominal
range of 16-240. There are several YCbCr sam-
pling formats, such as 4:4:4, 4:2:2, 4:1:1, and
4:2:0 that are also described.

RGB - YCbCr Equations: SDTV

The basic equations to convert between 8-bit
digital R'G'B’ data with a 16-235 nominal
range and YCbCr are:
Yeo1 = 0.299R" + 0.587G" + 0.114B’
Ch=-0.172R" - 0.339G" + 0.511B" + 128
Cr= 0.511R"-0.428G" - 0.083B" + 128

R’ =Ygo1 + 1.371(Cr - 128)

G’ =Ygp1 — 0.698(Cr — 128)
-0.336(Cb - 128)

B’ = Ygo; + 1.732(Ch — 128)

When performing YCbCr to R'G'B” con-
version, the resulting R'G'B’ values have a
nominal range of 16-235, with possible occa-
sional excursions into the 0-15 and 236-255
values. This is due to Y and CbCr occasionally
going outside the 16-235 and 16-240 ranges,
respectively, due to video processing and
noise. Note that 8bit YCbCr and R'G'B’ data
should be saturated at the 0 and 255 levels to
avoid underflow and overflow wrap-around
problems.

Table 3.2 lists the YCbCr values for 75%
amplitude, 100% saturated color bars, a com-
mon video test signal.

Computer Systems Considerations

If the R'G'B’ data has a range of 0-255, as is
commonly found in computer systems, the fol-
lowing equations may be more convenient to
use:

Yeo1 = 0.257R" + 0.504G” + 0.098B" + 16
Cb =-0.148R"-0.291G" + 0.439B" + 128
Cr=0.439R" - 0.368G" - 0.071B" + 128

Sc H L o S £ Cl o

SDTV

Y 16 to 235 180 162 131 112 84 65 35 16

Cb 16 to 240 128 44 156 72 184 100 212 128

Cr 16 to 240 128 142 44 58 198 212 114 128
HDTV

Y 16 to 235 180 168 145 133 63 51 28 16

Cb 16 to 240 128 44 147 63 193 109 212 128

Cr 16 to 240 128 136 44 52 204 212 120 128

Table 3.2. 75% YCbCr Color Bars.
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R’ = 1.164(Ygyq — 16) + 1.596(Cr — 128)

G =1.164(Ygo; — 16) — 0.813(Cr — 128) —
0.391(Ch — 128)

B"=1.164(Yg0; — 16) + 2.018(Cb - 128)

Note that 8&bit YCbCr and R'G'B’ data
should be saturated at the 0 and 255 levels to
avoid underflow and overflow wrap-around
problems.

RGB - YCbCr Equations: HDTV

The basic equations to convert between 8-bit
digital R'G'B" data with a 16-235 nominal
range and YCbCr are:

Y00 = 0.213R’ + 0.715G’ + 0.072B’
Cb =-0.117R’ - 0.394G’ + 0.511B" + 128
Cr = 0.511R’ - 0.464G" - 0.047B + 128

R’ = Yyg0 + 1.540(Cr - 128)

G = Y709 —-0.459 (Cl‘ - 128)
-0.183(Cb - 128)

B = Y709 + 1816(Cb - 128)

When performing YCbCr to R'G'B’ con-
version, the resulting R'‘G'B’ values have a
nominal range of 16-235, with possible occa-
sional excursions into the 0-15 and 236-255
values. This is due to Y and CbCr occasionally
going outside the 16-235 and 16-240 ranges,
respectively, due to video processing and
noise. Note that 8bit YCbCr and R'G'B’ data
should be saturated at the 0 and 255 levels to
avoid underflow and overflow wrap-around
problems.

Table 3.2 lists the YCbCr values for 75%
amplitude, 100% saturated color bars, a com-
mon video test signal.

Computer Systems Considerations

If the R'G'B’ data has a range of 0-255, as is
commonly found in computer systems, the fol-
lowing equations may be more convenient to
use:

Y00 = 0.183R’ + 0.614G’ + 0.062B’ + 16
Cb =-0.101R’ - 0.338G’ + 0.439B" + 128
Cr = 0.439R’ - 0.399G’ - 0.040B" + 128

R’ = 1.164 (Y9 — 16) + 1.793(Cr — 128)

G’ = 1.164(Yy09 - 16) — 0.534(Cr - 128) -
0.213(Cb - 128)

B’ = 1.164 (Y700 - 16) + 2.115(Ch — 128)

Note that 8bit YCbCr and R'G'B’ data
should be saturated at the 0 and 255 levels to
avoid underflow and overflow wrap-around
problems.

4:4:4 YCbCr Format

Figure 3.2 illustrates the positioning of YCbCr
samples for the 4:4:4 format. Each sample has
a'Y, a Ch, and a Cr value. Each sample is typi-
cally 8 bits (consumer applications) or 10 bits
(pro-video applications) per component. Each
sample therefore requires 24 bits (or 30 bits
for pro-video applications).

4:2:2 YCbCr Format

Figure 3.3 illustrates the positioning of YCbCr
samples for the 4:2:2 format. For every two
horizontal Y samples, there is one Cb and Cr
sample. Each sample is typically 8 bits (con-
sumer applications) or 10 bits (pro-video appli-
cations) per component. Each sample
therefore requires 16 bits (or 20 bits for pro-
video applications), usually formatted as
shown in Figure 3.4.
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To display 4:2:2 YCbCr data, it is first con-
verted to 4:4:4 YCbCr data, using interpolation
to generate the missing Cb and Cr samples.

4:1:1 YCbCr Format

Figure 3.5 illustrates the positioning of YCbCr
samples for the 4:1:1 format (also known as
YUV12), used in some consumer video and DV
video compression applications. For every four
horizontal Y samples, there is one Cb and Cr
value. Each component is typically 8 bits. Each
sample therefore requires 12 bits, usually for-
matted as shown in Figure 3.6.

To display 4:1:1 YCbCr data, it is first con-
verted to 4:4:4 YCbCr data, using interpolation
to generate the missing Cb and Cr samples.

ACTIVE X = FIELD 1
LINE [X] = FIELD 2
NUMBER

1 —@O—0—©—©®—©—©-
[l - @—@—©—©—©—©®—
2 —0—@©—©®—© © @
2] " @—@©—©—©—©—©
3 0@ @ © © @

(O C©B,CR SAMPLE

® Y SAMPLE

Figure 3.2. 4:4:4 Co-Sited Sampling. The
sampling positions on the active scan lines
of an interlaced picture.

4:2:0 YCbCr Format

Rather than the horizontal-only 2:1 reduction
of Cb and Cr used by 4:2:2, 4:2:0 YCbCr imple-
ments a 2:1 reduction of Cb and Cr in both the
vertical and horizontal directions. It is com-
monly used for video compression.

As shown in Figures 3.7 through 3.11,
there are several 4:2:0 sampling formats. Table
3.3 lists the YCbhCr formats for various DV
applications.

To display 4:2:0 YCbCr data, it is first con-
verted to 4:4:4 YCbCr data, using interpolation
to generate the new Cb and Cr samples.

ACTIVE X = FIELD 1
LINE [X] = FIELD 2
NUMBER

1 —@—e—@—eo—©@—e—
1] —@—e—@—=o ® o

(O C©B,CR SAMPLE

@® Y SAMPLE

Figure 3.3. 4:2:2 Co-Sited Sampling. The
sampling positions on the active scan lines
of an interlaced picture.
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SAMPLE | SAMPLE | SAMPLE |SAMPLE | SAMPLE | SAMPLE
0 1 2 3 4 5
v7-0 | v7-1 | yz-2 | v7-3 | v7-a | v7-5
Y6-0 | Y6-1 | v6-2 | v6-3 | v6-4 | Y6-5
¥5-0 | Y5-1 | vs5-2 | v5-3 | v5-4 | Y5-5
Y4-0 | va-1 | va-2 | va-3 | va-a | va-5
v3-0 | v3-1 | va-2 | v3-3 | v3-4 | va-5
v2-0 | v2-1 | v2-2 | v2-3 | v2-4 | v2-5
Yi-o | vi-1 | vi-2 [ v1-3 | vi-a | vi-5
vo-0 | Yo-1 | yo-2 | vo-3 | vo-4 | vo-5 |16 BITS
PER
CB7-0 | GR7-0 | CB7-2 | CR7-2 | CB7-4 | CR7-4 |SAMPLE
CB6-0 | CR6-0 | CB6-2 | CR6-2 | CB6-4 | CR6-4
CB5-0 | GR5-0 | CB5-2 | CR5-2 | CB5-4 | CR5-4
CB4-0 | CR4-0 | CB4-2 | CR4-2 | CB4-4 | CR4-4
CB3-0 | CR3-0 | CB3-2 | CR3-2 | CB3-4 | CR3-4
CB2-0 | GR2-0 | CB2-2 | CR2-2 | CB2-4 | CR2-4
CB1-0 | GR1-0 | CB1-2 |CR1-2 | CB1-4 | CR1-4
CBO-0 | CRO-0 | CBO-2 | CRO-2 | CBO-4 | CRO-4
-0 = SAMPLE 0 DATA
-1 = SAMPLE 1 DATA
-2 = SAMPLE 2 DATA
-3 = SAMPLE 3 DATA
-4 = SAMPLE 4 DATA
Figure 3.4. 4:2:2 Frame Buffer Formatting.
SAMPLE | SAMPLE | SAMPLE | SAMPLE |SAMPLE | SAMPLE
0 1 2 3 4 5
ACTIVE X = FIELD 1 Y7-0 | v7-1 | v7-2 | v7-3 | Y7-4 | v7-5
LINE [X] = FIELD 2 Y6-0 | Y6-1 | Y6-2 | Y6-3 | Y6-4 | v6-5
NUMBER v5-0 | Y5-1 | v5-2 | v5-3 | Y5-4 | v5-5
| —@—e—o—o—@—o Ya-0 | va-1 | va-2 | va-3 | va-4 | va-s
v3-0 | va-1 | v3-2 [ v3-3 | ¥3-4 | va-5
v2-0 | v2-1 | va-2 | v2-3 | v2-4 | v2-5 |12 BITS
(1] —@—o—o—o—©@—o— Yi-0 | vi-1 | vi-2 | vi-3 | Y1-4 | vi-5 | PER
Yo-0 | Yo-1 | yo-2 | vo-3 | Yo-4 | vo-5 |sampLE
2 —@—e—0——9—o—
CB7-0 | CB5-0 | CB3-0 | CB1-0 | CB7-4 | CB5-4
[2] @—eo—o—0—@—0— CB6-0 | CB4-0 [ CB2-0 | CB0O-0 | CB6-4 | CB4-4
CR7-0 | CR5-0 [ CR3-0 | CR1-0 | CR7-4 | CR5-4
s —@——o—o— @8 CR6-0 | CR4-0 | CR2-0 | CRO-0 | CR6-4 | CR4-4
-0 = SAMPLE 0 DATA
O cB,oR sAMPLE -1 = SAMPLE 1 DATA
-2 = SAMPLE 2 DATA
® Y SAMPLE -3 = SAMPLE 3 DATA
-4 = SAMPLE 4 DATA

Figure 3.5. 4:1:1 Co-Sited Sampling. The
sampling positions on the active scan lines
of an interlaced picture.

Figure 3.6. 4:1:1 Frame Buffer Formatting.
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ACTIVE

LINE

NUMBER

1

2

3

O CALCULATED CB, CR SAMPLE

® Y SAMPLE

Figure 3.7. 4:2:0 Sampling for H.261, H.263,
and MPEG 1. The sampling positions on the

active scan lines of a progressive or

noninterlaced picture.

ACTIVE

LINE

NUMBER

1

2

3

O CALCULATED CB, CR SAMPLE

® Y SAMPLE

Figure 3.8. 4:2:0 Sampling for MPEG 2. The

sampling positions on the active scan lines of
a progressive or noninterlaced picture.
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4:2:2 Co-Sited X X X

4:1:1 Co-Sited X X b

4:2:0 X X

4:2:0 Co-Sited X X

Table 3.3. YCbhCr Formats for Various DV Applications.
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ACTIVE FIELD N FIELD N +1
LINE
NUMBER

e e e e e e
O O O
(1] B e S S e
R e e e e
(2] B e T e
16 e e e e e
O O O
(3] -~ o 9o 9o o o
1 —e—0 00— o

[4] —0—0—0—0—0—0—

O CALCULATED CB, CR SAMPLE

@® Y SAMPLE

Figure 3.9. 4:2:0 Sampling for MPEG 2. The sampling positions on the active scan lines of an
interlaced picture (top_field_first = 1).

ACTIVE FIELD N FIELD N +1
LINE
NUMBER

1 —0—0—0—0—0—0—

[1] —0—0—0—0—0—0—

O CALCULATED CB, CR SAMPLE

@ Y SAMPLE

Figure 3.10. 4:2:0 Sampling for MPEG 2. The sampling positions on the active scan lines of an
interlaced picture (top_field_first = 0).
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ACTIVE
LINE
NUMBER

1 —@—e—0—e—@—o—
111

2 —o}—eo—fo|—e—fo}—o—
[2]

3 —@—e—@—e—@—o—
[31

4 —fol—o—{o}—o—{o}—0—

[4]

FIELD N

(O CR SAMPLE
[] cB sampLE

® Y SAMPLE

FIELD N +1

Figure 3.11. 4:2:0 Co-Sited Sampling for 576-Line DV and DVCAM. The sampling positions on the

active scan lines of an interlaced picture.

PhotoYCC Color Space

PhotoYCC (a trademark of Eastman Kodak
Company) was developed to encode Photo CD
image data. The goal was to develop a display-
device-independent color space. For maximum
video display efficiency, the color space is
based upon ITU-R BT.601 and BT.709.

The encoding process (RGB to PhotoYCC)
assumes CIE Standard Illuminant Dgs and that
the spectral sensitivities of the image capture
system are proportional to the color-matching
functions of the BT.709 reference primaries.
The RGB values, unlike those for a computer
graphics system, may be negative. PhotoYCC
includes colors outside the BT.709 color
gamut; these are encoded using negative val-
ues.

RGB to PhotoYCC

Linear RGB data (normalized to have values of
0 to 1) is nonlinearly transformed to PhotoYCC
as follows:
for R, G, B=>0.018
R’ =1.099 RO - 0.099
G’ =1.099 G4~ 0.099
B’ =1.099 B%4% - 0.099

for -0.018 <R, G, B<0.018

R'=45R
G'=45G
B'=45B
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for R, G, B<-0.018
R =-1.099 [R[>4> - 0.099
G’ =-1.099 |G|*4 - 0.099
B’ =-1.099 [B|*4 - 0.099
From R'G’'B’ with a 0-255 range, a luma

and two chrominance signals (C1 and C2) are
generated:

Y =0.213R" + 0.419G" + 0.081B’
C1=-0.131R"-0.256G" + 0.387B" + 156
C2=0.373R"-0.312G" - 0.061B" + 137

As an example, a 20% gray value (R, G, and
B = 0.2) would be recorded on the PhotoCD
disc using the following values:

Y=79
C1=156
C2=137

PhotoYCC to RGB

Since PhotoYCC attempts to preserve the
dynamic range of film, decoding PhotoYCC
images requires the selection of a color space
and range appropriate for the output device.
Thus, the decoding equations are not always
the exact inverse of the encoding equations.
The following equations are suitable for gener-
ating RGB values for driving a CRT display,
and assume a unity relationship between the
luma in the encoded image and the displayed
image.

R"=0.981Y + 1.315(C2 - 137)

G"=0.981Y - 0.311(C1 - 156)
-0.669(C2 - 137)

B"=0.981Y + 1.601 (C1 - 156)

The R'G'B’ values should be saturated to a
range of 0 to 255. The equations above assume
the display uses phosphor chromaticities that
are the same as the BT.709 reference prima-
ries, and that the video signal luma (V) and the
display luminance (L) have the relationship:

for V> 0.0812
L= ((V+0.099) / 1.099)1/045

for V< 0.0812
L=V/45

HSI, HLS, and HSV Color
Spaces

The HSI (hue, saturation, intensity) and HSV
(hue, saturation, value) color spaces were
developed to be more “intuitive” in manipulat-
ing color and were designed to approximate
the way humans perceive and interpret color.
They were developed when colors had to be
specified manually, and are rarely used now
that users can select colors visually or specify
Pantone colors. These color spaces are dis-
cussed for “historic” interest. HLS (hue, light-
ness, saturation) is similar to HSI; the term
lightness is used rather than intensity.

The difference between HSI and HSV is
the computation of the brightness component
(I or V), which determines the distribution and
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dynamic range of both the brightness (I or V)
and saturation (S). The HSI color space is best
for traditional image processing functions such
as convolution, equalization, histograms, and
so on, which operate by manipulation of the
brightness values since I is equally dependent
on R, G, and B. The HSV color space is pre-
ferred for manipulation of hue and saturation
(to shift colors or adjust the amount of color)
since it yields a greater dynamic range of satu-
ration.

Figure 3.12 illustrates the single hexcone
HSV color model. The top of the hexcone cor-
responds to V = 1, or the maximum intensity
colors. The point at the base of the hexcone is
black and here V = 0. Complementary colors
are 180° opposite one another as measured by
H, the angle around the vertical axis (V), with
red at 0°. The value of Sis a ratio, ranging from
0 on the center line vertical axis (V) to 1 on the
sides of the hexcone. Any value of S between 0
and 1 may be associated with the point V = 0.
The point S = 0, V = 1 is white. Intermediate
values of V for S = 0 are the grays. Note that
when S = 0, the value of H is irrelevant. From
an artist’s viewpoint, any color withV=1,S=1
is a pure pigment (whose color is defined by
H). Adding white corresponds to decreasing S
(without changing V); adding black corre-
sponds to decreasing V (without changing S).
Tones are created by decreasing both S and V.
Table 3.4 lists the 75% amplitude, 100% satu-
rated HSV color bars.

Figure 3.13 illustrates the double hexcone
HSI color model. The top of the hexcone corre-
sponds to I = 1, or white. The point at the base
of the hexcone is black and here I = 0. Comple-
mentary colors are 180° opposite one another
as measured by H, the angle around the verti-
cal axis (I), with red at 0° (for consistency with
the HSV model, we have changed from the
Tektronix convention of blue at 0°). The value
of S ranges from 0 on the vertical axis (I) to 1

on the surfaces of the hexcone. The grays all
have S = 0, but maximum saturation of hues is
at S =1, I =0.5. Table 3.5 lists the 75% ampli-
tude, 100% saturated HSI color bars.

Chromaticity Diagram

The color gamut perceived by a person with
normal vision (the 1931 CIE Standard
Observer) is shown in Figure 3.14. The dia-
gram and underlying mathematics were
updated in 1960 and 1976; however, the NTSC
television system is based on the 1931 specifi-
cations.

Color perception was measured by viewing
combinations of the three standard CIE (Inter-
national Commission on Illumination or Com-
mission Internationale de I'Eclairage) primary
colors: red with a 700-nm wavelength, green at
546.1 nm, and blue at 435.8 nm. These primary
colors, and the other spectrally pure colors
resulting from mixing of the primary colors,
are located along the curved outer boundary
line (called the spectrum locus), shown in Fig-
ure 3.14.

The ends of the spectrum locus (at red and
blue) are connected by a straight line that rep-
resents the purples, which are combinations of
red and blue. The area within this closed
boundary contains all the colors that can be
generated by mixing light of different colors.
The closer a color is to the boundary, the more
saturated it is. Colors within the boundary are
perceived as becoming more pastel as the cen-
ter of the diagram (white) is approached. Each
point on the diagram, representing a unique
color, may be identified by its x and y coordi-
nates.

In the CIE system, the intensities of red,
green, and blue are transformed into what are
called the tristimulus values, which are repre-
sented by the capital letters X, Y, and Z. These
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\
GREEN YELLOW
60°
CYAN RED
180° 0"
MAGENTA
300°
S
BLACK
Figure 3.12. Single Hexcone HSV Color Model.
E k) o 3 = < 'g s o =
EE £ 2 s 8 & e 2 8
Sc s = S $ o
H 0° to 360° - 60° 180° 120° 300° 0° 240° -
S Otol 0 1 1 1 1 1 1
0to1 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0

Table 3.4. 75% HSV Color Bars.



28  Chapter 3: Color Spaces

WHITE

YELLOW
60°

RED

CYAN
180°

MAGENTA
300°

Figure 3.13. Double Hexcone HSI Color Model. For consistency with the
HSV model, we have changed from the Tektronix convention of blue at 0°
and depict the model as a double hexcone rather than as a double cone.

— 1]

Sc 2 2 © S g @ @
H 0° to 360° - 60° 180° | 1200 | 300° 0° 240° -
S Oto1 0 1 1 1 1 1 1

Oto1 075 | 0375 | 0375 | 0375 | 0375 | 0375 | 0375 0

Table 3.5. 75% HSI Color Bars. For consistency with the HSV model, we have changed
from the Tektronix convention of blue at 0°.
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values represent the relative quantities of the
primary colors.

The coordinate axes of Figure 3.14 are
derived from the tristimulus values:

x=X/X+Y+2)
=red/(red + green + blue)

y=Y/X+Y+7)
= green/ (red + green + blue)

2=7/X+Y+7)
= blue/ (red + green + blue)

The coordinates X, y, and z are called chro-
maticity coordinates, and they always add up to
1. As a result, z can always be expressed in
terms of x and y, which means that only x and y
are required to specify any color, and the dia-
gram can be two-dimensional.

Typically, a source or display specifies
three (x, ¥) coordinates to define the three pri-
mary colors it uses. The triangle formed by the
three (x, y) coordinates encloses the gamut of
colors that the source or display can repro-
duce. This is shown in Figure 3.15, which com-
pares the color gamuts of NTSC, PAL, and
typical inks and dyes.

Note that no set of three colors can gener-
ate all possible colors, which is why television
pictures are never completely accurate. For
example, a television cannot reproduce mono-
chromatic yellow-green (540 nm) since this
color lies outside the triangle formed by red,
green, and blue.

In addition, a source or display usually
specifies the (x, ¥) coordinate of the white color
used, since pure white is not usually captured
or reproduced. White is defined as the color
captured or produced when all three primary
signals are equal, and it has a subtle shade of
color to it. Note that luminance, or brightness
information, is not included in the standard

CIE 1931 chromaticity diagram, but is an axis
that is orthogonal to the (x, y) plane. The
lighter a color is, the more restricted the chro-
maticity range is.

The chromaticities and reference white
(CIE illuminate C) for the 1953 NTSC standard
are:

R x.=0.67 yr=0.33
G xg=021 yg=0.71
B: x,=014  y,=0.08

white: Xy =0.3101 yy =0.3162

Modern NTSC systems use a different set
of RGB phosphors, resulting in slightly differ-
ent chromaticities of the RGB primaries and
reference white (CIE illuminate Dgg):

R x.=0630 y,=0340
G xg=0310 y,=0.595
B: x,=0.155 y,=0070
white: Xy =0.3127 yy, =0.3290

As illustrated in Figure 3.15, the color
accuracy of television receivers has declined in
order to increase the brightness.

The chromaticities and reference white
(CIE illuminate Dgg) for PAL and SECAM are:

R x=064 y,=033
G xg=029  yg=0.60
B x,=015  y,=0.06

white: Xy =0.3127 yy=0.3290

The chromaticities and reference white
(CIE illuminate Dgs) for HDTV are based on
BT.709:



30 Chapter 3: Color Spaces

R x-064 y.=033
G xg=030  yg=0.60
B: x,=015  y,=0.06

white: Xy =03127 vy =0.3290
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0.7 A

0.6 A
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0.4 A

03 41 m

0.2 4

b BLUE

01 | PURPLE

3780 NM

Figure 3.14. CIE 1931 Chromaticity Diagram

Showing Various Color Regions.

Non-RGB Color Space
Considerations

When processing information in a non-RGB
color space (such as YIQ, YUV, or YCbCr),
care must be taken that combinations of values
are not created that result in the generation of
invalid RGB colors. The term invalid refers to
RGB components outside the normalized RGB

limits of (1, 1, 1).
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0.5
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520

x 340 | 1953 NTSC COLOR GAMUT

NTSC / PAL / SECAM
COLOR GAMUT

INK/DYE COLOR GAMUT
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0.1

0.0

3 780 NM
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Figure 3.15. CIE 1931 Chromaticity Diagram
Showing Various Color Gamuts.
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ALL POSSIBLE

Y =255 YCBCR VALUES

CB=CR=128

Y ___—7

= N

255

o=

YCBCR VALID

COLOR BLOCK

CB

R = RED

G = GREEN

B = BLUE

Y = YELLOW

C = CYAN

M = MAGENTA

W = WHITE

BK = BLACI

K

255

Figure 3.16. RGB Limits Transformed into 3-D YCbCr Space.

For example, given that RGB has a normal-
ized value of (1, 1, 1), the resulting YCbCr
value is (235, 128, 128). If Cb and Cr are manip-
ulated to generate a YCbCr value of (235, 64,
73), the corresponding RGB normalized value
becomes (0.6, 1.29, 0.56)—note that the green
value exceeds the normalized value of 1.

From this illustration it is obvious that
there are many combinations of Y, Cb, and Cr
that result in invalid RGB values; these YCbCr
values must be processed so as to generate
valid RGB values. Figure 3.16 shows the RGB
normalized limits transformed into the YCbCr
color space.

Best results are obtained using a constant
luma and constant hue approach—Y is not

altered while Cb and Cr are limited to the max-
imum valid values having the same hue as the
invalid color prior to limiting. The constant hue
principle corresponds to moving invalid CbCr
combinations directly towards the CbCr origin
(128, 128), until they lie on the surface of the
valid YCbCr color block.

When converting to the RGB color space
from a non-RGB color space, care must be
taken to include saturation logic to ensure
overflow and underflow wrap-around condi-
tions do not occur due to the finite precision of
digital circuitry. 8bit RGB values less than 0
must be set to 0, and values greater than 255
must be set to 255.
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Gamma Correction

The transfer function of most displays pro-
duces an intensity that is proportional to some
power (referred to as gamma) of the signal
amplitude. As a result, high-intensity ranges
are expanded and low-intensity ranges are
compressed (see Figure 3.17). This is an
advantage in combatting noise, as the eye is
approximately equally sensitive to equally rela-
tive intensity changes. By “gamma correcting”
the video signals before display, the intensity
output of the display is roughly linear (the gray
line in Figure 3.17), and transmission-induced
noise is reduced.

To minimize noise in the darker areas of
the image, modern video systems limit the
gain of the curve in the black region. This
technique limits the gain close to black and
stretches the remainder of the curve to main-
tain function and tangent continuity.

Although video standards assume a dis-
play gamma of about 2.2, a gamma of about 2.4
is more realistic for CRT displays. However,
this difference improves the viewing in dimly
lit environments, such as the home. More
accurate viewing in brightly lit environments
may be accomplished by applying another
gamma factor of about 1.09 (2.4/2.2).

Early NTSC Systems

Early NTSC systems assumed a simple trans-
form at the display, with a gamma of 2.2. RGB
values are normalized to have a range of 0 to 1:

R= Rr2.2
G= Gr2.2
B=pB"22

ouT

1.0

0.8 A TRANSMITTED
PRE-CORRECTION

0.6 A

04

DISPLAY
CHARACTERISTIC

0.2 A

0.0

0.0 0.2 0.4 0.6 0.8 1.0

Figure 3.17. Effect of Gamma.

To compensate for the nonlinear display,
linear RGB data was “gamma-corrected” prior
to transmission by the inverse transform. RGB
values are normalized to have a range of 0 to 1:

R’ = R1/22
G = G1/2.2
B = B1/2.2
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Early PAL and SECAM Systems

Most early PAL and SECAM systems assumed
a simple transform at the display, with a
gamma of 2.8. RGB values are normalized to
have a range of 0 to 1:

R=R?28
G=G238
B=B28

To compensate for the nonlinear display,
linear RGB data was “gamma-corrected” prior
to transmission by the inverse transform. RGB
values are normalized to have a range of 0 to 1:

R’ = R1/2:38
G = G1/2.8
B = Bl/2.38

Current Systems

Current NTSC and HDTV systems assume the
following transform at the display, with a
gamma of [1/0.45]. RGB values are normal-
ized to have a range of O to 1:

for R, G’, B") <0.0812
R=R"/45
G=G' /45
B=B'/45

for ®, G', B)) > 0.0812
R= (R +0.099) / 1.099)1/045
G = ((G" +0.099) / 1.099)1/045
B = ((B' +0.099) / 1.099)1/045

To compensate for the nonlinear display,
linear RGB data is “gamma-corrected” prior to
transmission by the inverse transform. RGB
values are normalized to have a range of 0 to 1:

forR, G, B<0.018

R'=45R
G'=45G
B'=45B

for R, G, B>0.018
R’ =1.099 R%% - 0.099
G’ =1.099 G%4 - 0.099
B’ = 1.099 B%4% - 0.099

Although most PAL and SECAM standards
specify a gamma of 2.8, a value of [1/0.45] is
now commonly used. Thus, these equations
are now also used for PAL and SECAM sys-
tems.

Non-CRT Displays

Many non-CRT displays have a different
gamma than that used for video. To simplify
interfacing, the display drive electronics are
usually designed to present a standard CRT
transform, with a gamma of [1/0.45]. The dis-
play drive electronics then compensate for the
actual gamma of the display device.
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Chapter 4

Video Signals
Overview

Video signals come in a wide variety of
options—number of scan lines, interlaced vs.
progressive, analog vs. digital, etc. This chap-
ter provides an overview of the common video
signal formats and their timing.

Digital Component Video
Background

In digital component video, the video signals
are in digital form (YCbCr or R'G'B’), being
encoded to composite NTSC, PAL, or SECAM
only when it is necessary for broadcasting or
recording purposes.

The European Broadcasting Union (EBU)
became interested in a standard for digital
component video due to the difficulties of
exchanging video material between the 625
line PAL and SECAM systems. The format
held the promise that the digital video signals
would be identical whether sourced in a PAL
or SECAM country, allowing subsequent en-
coding to the appropriate composite form for
broadcasting. Consultations with the Society of

Motion Picture and Television Engineers
(SMPTE) resulted in the development of an
approach to support international program
exchange, including 525-line systems.

A series of demonstrations was carried out
to determine the quality and suitability for sig-
nal processing of various methods. From these
investigations, the main parameters of the digi-
tal component coding, filtering, and timing
were chosen and incorporated into ITU-R
BT.601. BT.601 has since served as the starting
point for other digital component video stan-
dards.

Coding Ranges

The selection of the coding ranges balanced
the requirements of adequate capacity for sig-
nals beyond the normal range and minimizing
quantizing distortion. Although the black level
of a video signal is reasonably well defined, the
white level can be subject to variations due to
video signal and equipment tolerances. Noise,
gain variations, and transients produced by fil-
tering can produce signal levels outside the
nominal ranges.

35
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8 or 10 bits per sample are used for each of
the YCbCr or R'G'B’ components. Although 8
bit coding introduces some quantizing distor-
tion, it was originally felt that most video
sources contained sufficient noise to mask
most of the quantizing distortion. However, if
the video source is virtually noise-free, the
quantizing distortion is noticeable as contour-
ing in areas where the signal brightness gradu-
ally changes. In addition, at least two additional
bits of fractional YCbCr or R'G'B’ data were
desirable to reduce rounding effects when
transmitting between equipment in the studio
editing environment. For these reasons, most
provideo equipment uses 10-bit YCbCr or
R'G'B’, allowing 2 bits of fractional YCbCr or
R'G’B’ data to be maintained.

Initial proposals had equal coding ranges
for all three YCbCr components. However, this
was changed so that Y had a greater margin for
overloads at the white levels, as white level lim-
iting is more visible than black. Thus, the nom-
inal 8bit Y levels are 16-235, while the nominal
8bit CbhCr levels are 16-240 (with 128 corre-
sponding to no color). Occasional excursions
into the other levels are permissible, but never
at the 0 and 255 levels.

For 8bit systems, the values of 00y and
FFy are reserved for timing information. For
10-bit systems, the values of 000g—003y and
3FCy-3FFy are reserved for timing informa-
tion, to maintain compatibility with 8bit sys-
tems.

The YCbCr or RG'B’ levels to generate
75% color bars are discussed in Chapter 3. Dig-
ital R'G'B’ signals are defined to have the same
nominal levels as Y to provide processing mar-
gin and simplify the digital matrix conversions
between R'G'B’ and YCbCer.

BT.601 Sampling Rate Selection

Line-locked sampling of analog R'G'B” or YUV
video signals is done. This technique produces
a static orthogonal sampling grid in which
samples on the current scan line fall directly
beneath those on previous scan lines and
fields, as shown Figures 3.2 through 3.11.

Another important feature is that the sam-
pling is locked in phase so that one sample is
coincident with the 50% amplitude point of the
falling edge of analog horizontal sync (Og).
This ensures that different sources produce
samples at nominally the same positions in the
picture. Making this feature common simpli-
fies conversion from one standard to another.

For 525line and 625line video systems,
several Y sampling frequencies were initially
examined, including four times Fg.. However,
the four-times Fg. sampling rates did not sup-
port the requirement of simplifying interna-
tional exchange of programs, so they were
dropped in favor of a single common sampling
rate. Because the lowest sample rate possible
(while still supporting quality video) was a
goal, a 12-MHz sample rate was preferred for a
long time, but eventually was considered to be
too close to the Nyquist limit, complicating the
filtering requirements. When the frequencies
between 12 MHz and 14.3 MHz were exam-
ined, it became evident that a 13.5-MHz sample
rate for Y provided some commonality
between 525- and 625-line systems. Cb and Cr,
being color difference signals, do not require
the same bandwidth as the Y, so may be sam-
pled at one-half the Y sample rate, or 6.75
MHz. The accepted notation for a digital com-
ponent system with sampling frequencies of
13.5, 6.75, and 6.75 MHz for the luma and color
difference signals, respectively, is 4:2:2
(Y:Cb:Cr).
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With 13.5-MHz sampling, each scan line
contains 858 samples (525-line systems) or 864
samples (6251line systems) and consists of a
digital blanking interval followed by an active
line period. Both the 525- and 625-line systems
use 720 samples during the active line period.
Having a common number of samples for the
active line period simplifies the design of multi-
standard equipment and standards conversion.
With a sample rate of 6.75 MHz for Cb and Cr
(4:2:2 sampling), each active line period con-
tains 360 Cr samples and 360 Cb samples.

With analog systems, problems may arise
with repeated processing, causing an exten-
sion of the blanking intervals and softening of
the blanking edges. Using 720 digital samples
for the active line period accommodates the
range of analog blanking tolerances of both the
525- and 625-line systems. Therefore, repeated
processing may be done without affecting the
digital blanking interval. Blanking to define the
analog picture width need only be done once,
preferably at the display or conversion to com-
posite video.

Initially, BT.601 supported only 525 and
6251line interlaced systems with a 4:3 aspect
ratio (720 x 480 and 720 x 576 active resolu-
tions). Support for a 16:9 aspect ratio was then
added (960 x 480 and 960 x 576 active resolu-
tions) using an 18 MHz sample rate.

Timing Information

Instead of the conventional horizontal sync,
vertical sync, and blank timing control signals,
H (horizontal blanking), V (vertical blanking),
and F (field) control signals are used:

F=%0"forField 1 F=“1"for Field 2
V =“1” during vertical blanking
H = “1” during horizontal blanking

For progressive video systems, F is always a
“0” since there is no field information.

480-Line and 525-Line Video
Systems

Interlaced Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B’ or YPbPr.
Referred to as 480i (since there are typically
480 active scan lines per frame and it’s inter-
laced), the frame rate is usually 29.97 Hz (30/
1.001) for compatibility with (M) NTSC timing.
The analog interface uses 525 lines per frame,
with active video present on lines 23-262 and
286-525, as shown in Figure 4.1.

For the 29.97 Hz frame rate, each scan line
time (H) is about 63.556 us. Detailed horizon-
tal timing is dependent on the specific video
interface used, as discussed in Chapter 5.

Interlaced Analog Composite Video

(M) NTSC and (M) PAL are analog composite
video signals that carry all timing and color
information within a single signal. Using 525
total lines per frame, they are commonly
referred to as 525-line systems. They are dis-
cussed in detail in Chapter 8.

Progressive Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B’ or YPbhPr.
Referred to as 480p (since there are typically
480 active scan lines per frame and it’s progres-
sive), the frame rate is usually 59.94 Hz (60/
1.001) for easier compatibility with (M) NTSC
timing. The analog interface uses 525 lines per
frame, with active video present on lines 45—
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Figure 4.1. 525-Line Interlaced Vertical Interval Timing.
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Figure 4.2. 525-Line Progressive Vertical Interval Timing.
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524, as shown in Figure 4.2. Note that many
early systems use lines 46-525 for active video.
For the 59.94 Hz frame rate, each scan line
time (H) is about 31.778 us. Detailed horizon-
tal timing is dependent on the specific video
interface used, as discussed in Chapter 5.

Interlaced Digital Component Video

BT.601 and SMPTE 267M specify the repre-
sentation for 480-line digital R'G'B" or YCbCr
interlaced video signals, also referred to as
480i. Active resolutions defined within BT.601
and SMPTE 267M,, their 1x Y and R'G'B’ sam-
ple rates (Fy), and frame rates, are:

960 x 480
720 % 480

18.0 MHz
13.5 MHz

29.97 Hz
29.97 Hz

Other common active resolutions, their 1x
sample rates (Fy), and frame rates, are:

SAMPLE RATE = 13.5 MHZ

16 SAMPLES

DIGITAL
BLANKING

DIGITAL ACTIVE LINE

864 x480 1638 MHz 29.97 Hz
704 %480  13.50 MHz 29.97 Hz
640x 480  12.27 MHz 29.97 Hz
044 x480 1043 MHz 29.97 Hz
028x480  9.900 MHz 29.97 Hz
480x 480  9.000 MHz 29.97 Hz
3592x480  6.750 MHz 29.97 Hz

864 x 480 is a 16:9 square pixel format,
while 640 x 480 is a 4:3 square pixel format.
Although the ideal 16:9 resolution is 854 x 480,
864 x 480 supports the MPEG 16 x 16 block
structure. The 704 x 480 format is done by
using the 720 x 480 format, and blanking the
first eight and last eight samples each active
scan line. Example relationships between the
analog and digital signals are shown in Figures
4.3 through 4.7.

The H (horizontal blanking), V (vertical
blanking), and F (field) signals are as defined
in Figure 4.8.

A=A

138 SAMPLES
(0-137)

TOTAL LINE

720 SAMPLES
(138-857)

858 SAMPLES
(0-857)

Figure 4.3. 525-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 29.97 Hz Refresh, 13.5 MHz Sample Clock).
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SAMPLE RATE = 18.0 MHZ

21.5 SAMPLES

sa

DIGITAL
BLANKING DIGITAL ACTIVE LINE
184 SAMPLES 960 SAMPLES
(0-183) (184-1143)

TOTAL LINE

1144 SAMPLES
(0-1143)

Figure 4.4. 525-Line Interlaced Analog - Digital Relationship
(16:9 Aspect Ratio, 29.97 Hz Refresh, 18 MHz Sample Clock).

SAMPLE RATE = 12.27 MHZ

22 SAMPLES
DIGITAL
BLANKING DIGITAL ACTIVE LINE
140 SAMPLES 640 SAMPLES
(0-139) (140-779)
TOTAL LINE
780 SAMPLES
(0-779)

Figure 4.5. 525-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 29.97 Hz Refresh, 12.27 MHz Sample Clock).
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SAMPLE RATE = 10.43 MHZ

20 SAMPLES
DIGITAL
BLANKING DIGITAL ACTIVE LINE
119 SAMPLES 544 SAMPLES
(0-118) (119-662)
TOTAL LINE
663 SAMPLES
(0-662)

Figure 4.6. 525-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 29.97 Hz Refresh, 10.43 MHz Sample Clock).

SAMPLE RATE = 9 MHZ

10.7 SAMPLES

A=A

DIGITAL

BLANKING DIGITAL ACTIVE LINE
92 SAMPLES 480 SAMPLES

(0-91) (92-571)

TOTAL LINE

572 SAMPLES
(0-571)

Figure 4.7. 525-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 29.97 Hz Refresh, 9 MHz Sample Clock).
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LINE 1(V = 1)
LINE 4 ——
BLANKING
LINE 23 (V = 0)
FIELD 1
" oo LINE F v
opbp FIELD 1 oveen
ACTIVE VIDEO
1-3 1 1
4-22 0 1
23-262 0 0
LINE 263 (V = 1) 263-265 0 1
LINE 266 ——| 266-285 1 1
BLANKING oo ! !
LINE 286 (V = 0)
FIELD 2
F=1
FIELD 2
EVEN
ACTIVE VIDEO
LINE 525 (V = 0)
LNE 3 1

Figure 4.8. 525-Line Interlaced Digital Vertical Timing (480 Active Lines). F and V change state at
the EAV sequence at the beginning of the digital line. Note that the digital line number changes
state prior to start of horizontal sync, as shown in Figures 4.3 through 4.7.
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Progressive Digital Component Video

BT.1358 and SMPTE 293M specify the repre-
sentation for 480-line digital R'G'B” or YCbCr
progressive video signals, also referred to as
480p. Active resolutions defined within
BT.1358 and SMPTE 293M, their 1x sample
rates (Fy), and frame rates, are:

960 x 480
720 % 480

36.0 MHz
27.0 MHz

59.94 Hz
59.94 Hz

Other common active resolutions, their 1x
Y and R'G'B’ sample rates (Fy), and frame
rates, are:

864 x480  32.75MHz 59.94 Hz
704x480  27.00 MHz 59.94 Hz
640x 480 2454 MHz 59.94 Hz
044 x480  20.86 MHz 59.94 Hz
028 x480  19.80 MHz 59.94 Hz
480 x480  18.00 MHz 59.94 Hz
352x480  13.50 MHz 59.94 Hz

SAMPLE RATE = 27.0 MHZ

\ 16 SAMPLES

DIGITAL
BLANKING

DIGITAL ACTIVE LINE

864 x 480 is a 16:9 square pixel format,
while 640 x 480 is a 4:3 square pixel format.
Although the ideal 16:9 resolution is 854 x 480,
864 x 480 supports the MPEG 16 x 16 block
structure. The 704 x 480 format is done by
using the 720 x 480 format, and blanking the
first eight and last eight samples each active
scan line. Example relationships between the
analog and digital signals are shown in Figures
4.9 through 4.12.

The H (horizontal blanking) and V (verti-
cal blanking) signals are as defined in Figure
4.13.

SIF and QSIF

SIF is defined to have an active resolution of
352 x 240. This may be obtained by scaling
down the 704 x 480 active resolution by a factor
of two. Square pixel SIF is defined to have an
active resolution of 320 x 240.

s

138 SAMPLES
(0-137)

TOTAL LINE

720 SAMPLES
(138-857)

(0-857)

858 SAMPLES

Figure 4.9. 525-Line Progressive Analog - Digital Relationship
(4:3 Aspect Ratio, 59.94 Hz Refresh, 27 MHz Sample Clock).
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SAMPLE RATE = 36.0 MHZ

21.5 SAMPLES

sa

DIGITAL
BLANKING DIGITAL ACTIVE LINE
184 SAMPLES 960 SAMPLES
(0-183) (184-1143)
TOTAL LINE
1144 SAMPLES
(0-1143)

Figure 4.10. 525-Line Progressive Analog - Digital Relationship
(16:9 Aspect Ratio, 59.94 Hz Refresh, 36 MHz Sample Clock).

SAMPLE RATE = 24.54 MHZ

22 SAMPLES
DIGITAL
BLANKING DIGITAL ACTIVE LINE
140 SAMPLES 640 SAMPLES
(0-139) (140-779)
TOTAL LINE
780 SAMPLES
(0-779)

vl

Figure 4.11. 525-Line Progressive Analog - Digital Relationship
(4:3 Aspect Ratio, 59.94 Hz Refresh, 24.54 MHz Sample Clock).
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SAMPLE RATE = 20.86 MHZ

20 SAMPLES

DIGITAL
BLANKING

A

DIGITAL ACTIVE LINE

119 SAMPLES
(0-118)

544 SAMPLES
(119-662)

TOTAL LINE

663 SAMPLES
(0-662)

Figure 4.12. 525-Line Progressive Analog - Digital Relationship
(4:3 Aspect Ratio, 59.94 Hz Refresh, 20.86 MHz Sample Clock).

LINE 1 (V = 1)
BLANKING
LINE 46 (V = 0)
LINE F Vv
NUMBER
1-45 0 1
ACTIVE VIDEO 46-525 0 0

LINE 525 (V = 0)

Figure 4.13. 525-Line Progressive Digital Vertical Timing (480 Active Lines). V changes state at
the EAV sequence at the beginning of the digital line. Note that the digital line number changes
state prior to start of horizontal sync, as shown in Figures 4.9 through 4.12.
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QSIF is defined to have an active resolu-
tion of 176 x 120. This may be obtained by scal-
ing down the 704 x 480 active resolution by a
factor of four. Square pixel QSIF is defined to
have an active resolution of 160 x 120.

576-Line and 625-Line Video
Systems

Interlaced Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B" or YPbPr.
Referred to as 576i (since there are typically
576 active scan lines per frame and it’s inter-
laced), the frame rate is usually 25 Hz for com-
patibility with PAL timing. The analog
interface uses 625 lines per frame, with active
video present on lines 23-310 and 336-623, as
shown in Figure 4.14.

For the 25 Hz frame rate, each scan line
time (H) is 64 us. Detailed horizontal timing is
dependent on the specific video interface used,
as discussed in Chapter 5.

Interlaced Analog Composite Video

B, D, G,H, I, N, Npo) PAL are analog compos-
ite video signals that carry all timing and color
information within a single signal. Using 625
total lines per frame, they are commonly
referred to as 625line systems. They are dis-
cussed in detail in Chapter 8.

Progressive Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B’° or YPbPr.
Referred to as 576p (since there are typically
576 active scan lines per frame and it’s progres-

sive), the frame rate is usually 50 Hz for com-
patibility with PAL timing. The analog
interface uses 625 lines per frame, with active
video present on lines 45-620, as shown in Fig-
ure 4.15.

For the 50 Hz frame rate, each scan line
time (H) is 32 us. Detailed horizontal timing is
dependent on the specific video interface used,
as discussed in Chapter 5.

Interlaced Digital Component Video

BT.601 specifies the representation for 576-line
digital R'G'B" or YCbCr interlaced video sig-
nals, also referred to as 576i. Active resolutions
defined within BT.601, their 1x Y and R'G'B’
sample rates (Fy), and frame rates, are:

960 x 576
720 x 576

18.0 MHz
13.5 MHz

25Hz
25Hz

Other common active resolutions, their 1x
Y and R'G'B’ sample rates (Fy), and frame
rates, are:

1024 x 576  19.67 MHz 25Hz
768x576  1475MHz 25Hz
704x576  13.50MHz 25Hz
944 x576  1043MHz 25Hz
480x 576  9.000 MHz 25 Hz

1024 x 576 is a 16:9 square pixel format,
while 768 x 576 is a 4:3 square pixel format.
The 704 x 576 format is done by using the 720
x 576 format, and blanking the first eight and
last eight samples each active scan line. Exam-
ple relationships between the analog and digi-
tal signals are shown in Figures 4.16 through
4.19.

The H (horizontal blanking), V (vertical
blanking), and F (field) signals are as defined
in Figure 4.20.
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START
OF

/\ /\ /\ T
623 624 625 1 2 3 4 5 6 7 23 24

620 }—‘621 MSZZ
308 }—‘309 }—‘310 311 312 313 314 315 316 317 318 }—‘319 }—‘320 336 337

-+— HSYNC —= «— HSYNC/2

] ﬂﬂ I i

H/2

Figure 4.14. 625-Line Interlaced Vertical Interval Timing.

AN E
LELFHEHHEEE T

Figure 4.15. 625-Line Progressive Vertical Interval Timing.
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SAMPLE RATE = 13.5 MHZ

=—= 12 SAMPLES

sh

DIGITAL
BLANKING DIGITAL ACTIVE LINE
144 SAMPLES 720 SAMPLES
(0-143) (144-863)
TOTAL LINE
864 SAMPLES
(0-863)

Figure 4.16. 625-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 25 Hz Refresh, 13.5 MHz Sample Clock).

SAMPLE RATE = 18.0 MHZ

=—> 16 SAMPLES

DIGITAL
BLANKING

DIGITAL ACTIVE LINE

sa

192 SAMPLES
(0-191)

960 SAMPLES
(192-1151)

TOTAL LINE

1152 SAMPLES
(0-1151)

Figure 4.17. 625-Line Interlaced Analog - Digital Relationship
(16:9 Aspect Ratio, 25 Hz Refresh, 18 MHz Sample Clock).
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SAMPLE RATE = 14.75 MHZ

~—21 SAMPLES

DIGITAL
BLANKING DIGITAL ACTIVE LINE
176 SAMPLES 768 SAMPLES
(0-175) (176-943)
TOTAL LINE
944 SAMPLES
(0-943)

Figure 4.18. 625-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 25 Hz Refresh, 14.75 MHz Sample Clock).

SAMPLE RATE = 10.43 MHZ

17 SAMPLES

DIGITAL

BLANKING DIGITAL ACTIVE LINE

124 SAMPLES 544 SAMPLES

(0-123) (124-667)
TOTAL LINE
668 SAMPLES

(0-667)

Figure 4.19. 625-Line Interlaced Analog - Digital Relationship
(4:3 Aspect Ratio, 25 Hz Refresh, 10.43 MHz Sample Clock).
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LINE 1
BLANKING
FIELD 1
(F=0)
EVEN FIELD 1
ACTIVE VIDEO
LINE 313 ——
BLANKING
FIELD 2
F=1
FIELD 2
DD
© ACTIVE VIDEO
BLANKING
LINE 625

LINE 1(V = 1)

LINE 23 (V = 0)

LINE F Vv
NUMBER

1-22
23-310
311-312
LINE 311 (V = 1) 313-335
336-623
624-625

4 4 40 0 o
4 O 4 a0 =

LINE 336 (V = 0)

LINE 624 (V = 1)

LINE 625 (V = 1)

Figure 4.20. 625-Line Interlaced Digital Vertical Timing (576 Active Lines). F and V change state
at the EAV sequence at the beginning of the digital line. Note that the digital line number changes
state prior to start of horizontal sync, as shown in Figures 4.16 through 4.19.



576-Line and 625-Line Video Systems 51

Progressive Digital Component Video

BT.1358 specifies the representation for 576-
line digital R'G'B’ or YCbCr progressive sig-
nals, also referred to as 576p. Active resolu-
tions defined within BT.1358, their 1x Y and
R'G'B’ sample rates (F,), and frame rates, are:

960 x 576
720 x 576

36.0 MHz
27.0 MHz

50 Hz
50 Hz

Other common active resolutions, their 1x
Y and R'G'B’ sample rates (Fy), and frame
rates, are:

1024 x 576  39.33 MHz 50 Hz
768 x 576  29.50 MHz 50 Hz
704x 576  27.00 MHz 50 Hz
544 x 576  20.86 MHz 50 Hz
480x 576  18.00 MHz 50 Hz

SAMPLE RATE = 27.0 MHZ

\ | 12 SAMPLES

DIGITAL
BLANKING

DIGITAL ACTIVE LINE

1024 x 576 is a 16:9 square pixel format,
while 768 x 576 is a 4:3 square pixel format.
The 704 x 576 format is done by using the 720
x 576 format, and blanking the first eight and
last eight samples each active scan line. Exam-
ple relationships between the analog and digi-
tal signals are shown in Figures 4.21 through
4.24.

The H (horizontal blanking) and V (verti-
cal blanking) signals are as defined Figure
4.25.

sh

144 SAMPLES
(0-143)

720 SAMPLES
(144-863)

TOTAL LINE

864 SAMPLES
(0-863)

Figure 4.21. 625-Line Progressive Analog - Digital Relationship

(4:3 Aspect Ratio, 50

Hz Refresh, 27 MHz Sample Clock).
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SAMPLE RATE = 36.0 MHZ

=—> 16 SAMPLES

s

DIGITAL
BLANKING DIGITAL ACTIVE LINE
192 SAMPLES 960 SAMPLES
(0-191) (192-1151)
TOTAL LINE
1152 SAMPLES
(0-1151)

Figure 4.22. 625-Line Progressive Analog - Digital Relationship
(16:9 Aspect Ratio, 50 Hz Refresh, 36 MHz Sample Clock).

SAMPLE RATE = 29.5 MHZ

21 SAMPLES
DIGITAL
BLANKING DIGITAL ACTIVE LINE
176 SAMPLES 768 SAMPLES
(0-175) (176-943)
TOTAL LINE
944 SAMPLES
(0-943)

el

Figure 4.23. 625-Line Progressive Analog - Digital Relationship
(4:3 Aspect Ratio, 50 Hz Refresh, 29.5 MHz Sample Clock).
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SAMPLE RATE = 20.86 MHZ

17 SAMPLES
DIGITAL
BLANKING DIGITAL ACTIVE LINE
124 SAMPLES 544 SAMPLES
(0-123) (124-667)
TOTAL LINE
668 SAMPLES
(0-667)

Figure 4.24. 625-Line Progressive Analog - Digital Relationship
(4:3 Aspect Ratio, 50 Hz Refresh, 20.86 MHz Sample Clock).

LINE 1 (V = 1)
BLANKING
LINE 45 (V = 0)
LINE F v
NUMBER
ACTIVE VIDEO 1-44 0 1
45-620 0 0
621-625 0 1
LINE 621 (V = 1)
BLANKING

LINE 625 (V = 1)

H=0
SAV

Figure 4.25. 625-Line Progressive Digital Vertical Timing (576 Active Lines). V changes state at
the EAV sequence at the beginning of the digital line. Note that the digital line number changes
state prior to start of horizontal sync, as shown in Figures 4.21 through 4.24.
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720-Line and 750-Line Video
Systems

Progressive Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B’ or YPbPr.
Referred to as 720p (since there are typically
720 active scan lines per frame and it’s progres-
sive), the frame rate is usually 59.94 Hz (60/
1.001) to simplify the generation of (M) NTSC
video. The analog interface uses 750 lines per
frame, with active video present on lines 26—
745, as shown in Figure 4.26.

For the 59.94 Hz frame rate, each scan line
time (H) is about 22.24 ps. Detailed horizontal
timing is dependent on the specific video inter-
face used, as discussed in Chapter 5.

START
OF
VSYNC

A

744 745 746

750 1 2 6 7

Progressive Digital Component Video

SMPTE 296M specifies the representation for
720line digital R'G'B" or YCbCr progressive
signals, also referred to as 720p. Active resolu-
tions defined within SMPTE 296M, their 1x Y
and R'G'B’ sample rates (F,), and frame rates,
are:

1280 x 720  74.176 MHz 23.976 Hz
1280x 720  74.250 MHz 24.000 Hz
1280 x 720  74.250 MHz 25.000 Hz
1280 x 720  74.176 MHz 29.970 Hz
1280 x 720  74.250 MHz 30.000 Hz
1280 x 720 74.250 MHz 50.000 Hz
1280 x 720  74.176 MHz 59.940 Hz
1280 x 720 74.250 MHz 60.000 Hz

Note that square pixels and a 16:9 aspect
ratio are used. Example relationships between
the analog and digital signals are shown in Fig-
ures 4.27 and 4.28, and Table 4.1. The H (hori-
zontal blanking) and V (vertical blanking)
signals are as defined in Figure 4.29.

HHH

Figure 4.26. 750-Line Progressive Vertical Interval Timing.
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SAMPLE RATE = 74.176 OR 74.25 MHZ

114 SAMPLES
~—————

DIGITAL
BLANKING DIGITAL ACTIVE LINE
370 SAMPLES 1280 SAMPLES
(0-369) (370-1649)

TOTAL LINE

1650 SAMPLES
649)

Figure 4.27. 750-Line Progressive Analog - Digital Relationship
(16:9 Aspect Ratio, 59.94 Hz Refresh, 74.176 MHz Sample Clock
and 60 Hz Refresh, 74.25 MHz Sample Clock).

[C] SAMPLES
0

DIGITAL

BLANKING DIGITAL ACTIVE LINE
[B] SAMPLES 1280 SAMPLES
TOTAL LINE
[A] SAMPLES

Figure 4.28. General 750-Line Progressive Analog - Digital Relationship.
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. ixyY Total .

Active Frame Sample Horizontal Horizontal
Horizontal Rate P . Blanking C
Resolution (Hz) Rate Resolution (B)

(MHz) (A)
24/1.001 74.25/1.001 4125 2845 2589
24 74.25 4125 2845 2589
25 74.25 3960 2680 2424
1280 30/1.001 74.25/1.001 3300 2020 1764
30 74.25 3300 2020 1764
50 74.25 1980 700 444
60/1.001 74.25/1.001 1650 370 114
60 74.25 1650 370 114

Table 4.1. Various 750-Line Progressive Analog - Digital

Parameters for Figure 4.28.

BLANKING

ACTIVE VIDEO

BLANKING

H=0
SAV

Figure 4.29. 750-Line Progressive Digital Vertical Timing (720 Active Lines). V changes state at
the EAV sequence at the beginning of the digital line. Note that the digital line number changes

LINE 1 (V = 1)

LINE 26 (V = 0)

LINE 746 (V = 1)

LINE 750 (V = 1)

LINE
NUMBER

1-25
26-745
746-750

state prior to start of horizontal sync, as shown in Figures 4.27 and 4.28.
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1080-Line and 1125-Line
Video Systems

Interlaced Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B° or YPbPr.
Referred to as 1080i (since there are typically
1080 active scan lines per frame and it’s inter-
laced), the frame rate is usually 25 or 29.97 Hz
(30/1.001) to simplify the generation of (B, D,
G, H, ) PAL or (M) NTSC video. The analog
interface uses 1125 lines per frame, with active
video present on lines 21-560 and 584-1123, as
shown in Figure 4.30.

MPEG 2 systems use 1088 lines, rather
than 1080, in order to have a multiple of 32
scan lines per frame. In this case, an additional
4 lines per field after the active video are used.

For the 25 Hz frame rate, each scan line
time is about 35.56 ps. For the 29.97 Hz frame
rate, each scan line time is about 29.66 us.
Detailed horizontal timing is dependent on the
specific video interface used, as discussed in
Chapter 5.

Progressive Analog Component Video

Analog component signals are comprised of
three signals, analog R'G'B" or YPbPr.
Referred to as 1080p (since there are typically
1080 active scan lines per frame and it’s pro-
gressive), the frame rate is usually 50 or 59.94
Hz (60/1.001) to simplify the generation of (B,
D, G, H, I) PAL or (M) NTSC video. The ana-
log interface uses 1125 lines per frame, with
active video present on lines 42-1121, as
shown in Figure 4.31.

MPEG 2 systems use 1088 lines, rather
than 1080, in order to have a multiple of 16

scan lines per frame. In this case, an additional
8 lines per frame after the active video are
used.

For the 50 Hz frame rate, each scan line
time is about 17.78 us. For the 59.94 Hz frame
rate, each scan line time is about 14.83 ps.
Detailed horizontal timing is dependent on the
specific video interface used, as discussed in
Chapter 5.

Interlaced Digital Component Video

ITU-R BT.709 and SMPTE 274M specify the
digital component format for the 1080-line digi-
tal RG'B’ or YCbCr interlaced signal, also
referred to as 1080i. Active resolutions defined
within BT.709 and SMPTE 274M, their 1x Y
and R'G'B’ sample rates (Fy), and frame rates,
are:

1920 x 1080 74.250 MHz 25.00 Hz
1920 x 1080 74.176 MHz 29.97 Hz
1920 x 1080 74.250 MHz 30.00 Hz

Note that square pixels and a 16:9 aspect
ratio are used. Other common active resolu-
tions, their 1x Y and R'G'B’ sample rates (Fy),
and frame rates, are:

1280 x 1080
1280 x 1080
1280 x 1080
1440 x 1080
1440 x 1080
1440 x 1080

49.500 MHz 25.00 Hz
49.451 MHz 29.97 Hz
49.500 MHz 30.00 Hz
55.688 MHz 25.00 Hz
50.632 MHz 29.97 Hz
55.688 MHz 30.00 Hz

Example relationships between the analog
and digital signals are shown in Figures 4.32
and 4.33, and Table 4.2. The H (horizontal
blanking) and V (vertical blanking) signals are
as defined in Figure 4.34.
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1123 1125

1 2 3 4 5 6 7 21

560 562 563 564 565 566 567 568 569 584
-— -—

START
OF
VSYNC

Figure 4.30. 1125-Line Interlaced Vertical Interval Timing.

START
OF

/\ /\ VSYNC (\
1120 1121 1122 1125 1 2 6 7 8 9 Ll_L 42

Figure 4.31. 1125-Line Progressive Vertical Interval Timing.
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SAMPLE RATE = 74.25 OR 74.176 MHZ

88 SAMPLES
.—

DIGITAL
BLANKING DIGITAL ACTIVE LINE
280 SAMPLES 1920 SAMPLES
(0-279) (280-2199)
TOTAL LINE
2200 SAMPLES
(0-2199)

Figure 4.32. 1125-Line Interlaced Analog - Digital Relationship
(16:9 Aspect Ratio, 29.97 Hz Refresh, 74.176 MHz Sample Clock
and 30 Hz Refresh, 74.25 MHz Sample Clock).

[D] SAMPLES
D

DIGITAL

BLANKING DIGITAL ACTIVE LINE
[C] SAMPLES [A] SAMPLES
TOTAL LINE
[B] SAMPLES

Figure 4.33. General 1125-Line Interlaced Analog - Digital Relationship.
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A(_:tive Frame Ly T_otal Horizontal
Horizontal Sample Horizontal N
Resolution ?::‘; Rate Resolution Bla(r::k)mg D
(A) (MHz) (B)
24/1.001 74.25/1.001 2750 830 638
24 74.25 2750 830 638
1920 25 74.25 2640 720 528
30/1.001 74.25/1.001 2200 280 88
30 74.25 2200 280 88
24/1.001 55.6875/1.001 2062.5 622.5 478.5
24 55.6875 2062.5 622.5 478.5
1440 25 55.6875 1980 540 396
30/1.001 55.6875/1.001 1650 210 66
30 55.6875 1650 210 66
24/1.001 49.5/1.001 1833.3 553.3 425.3
24 49.5 1833.3 553.3 425.3
1280 25 49.5 1760 480 352
30/1.001 49.5/1.001 1466.7 186.7 58.7
30 49.5 1466.7 186.7 58.7

Table 4.2. Various 1125-Line Interlaced Analog - Digital

Parameters for Figure 4.33.
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LINE 1 LINE 1 (V = 1)
BLANKING
LINE 21 (V = 0)
FIELD 1
F=0
( ODD) LINE F v
FIELD 1 NUMBER
ACTIVE VIDEO
1-20 0 1
21-560 0 0
561-562 0 1
LINE 561 (V = 1) 563-583 1 !
LINE 583 —— 584-1123 1 0
BLANKING 1124-1125 1 1
LINE 584 (V = 0)
FIELD 2
(F=1)
FIELD 2
EVEN
ACTIVE VIDEO
LINE 1124 (V = 1)
BLANKING
LINE 1125 LINE 1125 (V = 1)

H=0
SAV

Figure 4.34. 1125-Line Interlaced Digital Vertical Timing (1080 Active Lines). F and V change
state at the EAV sequence at the beginning of the digital line. Note that the digital line number
changes state prior to start of horizontal sync, as shown in Figures 4.32 and 4.33.
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Progressive Digital Component Video

ITU-R BT.709 and SMPTE 274M specify the
digital component format for the 1080-line digi-
tal R'G'B” or YCbCr progressive signal, also
referred to as 1080p. Active resolutions
defined within BT.709 and SMPTE 274M, their
1x Y and R'G'B’ sample rates (F), and frame
rates, are:

1920 x 1080
1920 x 1080
1920 x 1080
1920 x 1080
1920 x 1080
1920 x 1080
1920 x 1080
1920 x 1080

74.176 MHz 23.976 Hz
74.250 MHz 24.000 Hz
74.250 MHz 25.000 Hz
74.176 MHz 29.970 Hz
74.250 MHz 30.000 Hz
148.50 MHz 50.000 Hz
148.35 MHz 59.940 Hz
148.50 MHz 60.000 Hz

Note that square pixels and a 16:9 aspect
ratio are used. Other common active resolu-
tions, their 1x Y and R'G'B” sample rates (F),
and frame rates, are:

1280 x 1080
1280 x 1080
1280 x 1080
1280 x 1080
1280 x 1080
1280 x 1080
1280 x 1080
1280 x 1080
1440 x 1080
1440 x 1080
1440 x 1080
1440 x 1080
1440 x 1080
1440 x 1080
1440 x 1080
1440 x 1080

49.451 MHz 23.976 Hz
49.500 MHz 24.000 Hz
49.500 MHz 25.000 Hz
49.451 MHz 29.970 Hz
49.500 MHz 30.000 Hz
99.000 MHz 50.000 Hz
98.901 MHz 59.940 Hz
99.000 MHz 60.000 Hz
95.632 MHz 23.976 Hz
95.688 MHz 24.000 Hz
95.688 MHz 25.000 Hz
95.632 MHz 29.970 Hz
55.688 MHz 30.000 Hz
111.38 MHz 50.000 Hz
111.26 MHz 59.940 Hz
111.38 MHz 60.000 Hz

Example relationships between the analog
and digital signals are shown in Figures 4.35
and 4.36, and Table 4.3. The H (horizontal
blanking) and V (vertical blanking) bits are as
defined in Figures 4.37.

Computer Video Timing

The Video Electronics Standards Association
(VESA) defines the timing for progressive ana-
log R'G'B’ signals that drive computer moni-
tors. Some consumer products are capable of
accepting these progressive analog R'G'B’ sig-
nals and displaying them. Common active reso-
lutions and their names are:

640 x 400 VGA
640 x 480 VGA
854 x 480 SVGA
800 x 600 SVGA
1024 x 768 XGA
1280 x 768 XGA
1280 x 1024 SXGA
1600 x 1200 UXGA

Common refresh rates are 60, 72, 75 and
85 Hz, although rates of 50-200 Hz may be sup-
ported.

Graphics controllers are usually very flexi-
ble in programmability, allowing trading off
resolution versus bits per pixel versus refresh
rate. As a result, a large number of display
combinations are possible.
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SAMPLE RATE = 148.5 OR 148.35 MHZ

88 SAMPLES
_.—

DIGITAL

BLANKING DIGITAL ACTIVE LINE
280 SAMPLES 1920 SAMPLES
(0-279) (280-2199)

TOTAL LINE
2200 SAMPLES
99)

Figure 4.35. 1125-Line Progressive Analog - Digital Relationship
(16:9 Aspect Ratio, 59.94 Hz Refresh, 148.35 MHz Sample Clock
and 60 Hz Refresh, 148.5 MHz Sample Clock).

[D] SAMPLES
D

DIGITAL

BLANKING DIGITAL ACTIVE LINE
[C] SAMPLES [A] SAMPLES
TOTAL LINE
[B] SAMPLES

Figure 4.36. General 1125-Line Progressive Analog - Digital Relationship.
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A(_:tive Frame Ly T_otal Horizontal
Horizontal Sample Horizontal N
Resolution ?::‘; Rate Resolution Bla(r::k)mg D
(A) (MHz) (B)

24/1.001 74.25/1.001 2750 830 638
24 74.25 2750 830 638
25 74.25 2640 720 528

1920 30/1.001 74.25/1.001 2200 280 88
30 74.25 2200 280 88
50 148.5 2640 720 528
60/1.001 148.5/1.001 2200 280 88
60 148.5 2200 280 88
24/1.001 55.6875/1.001 2062.5 622.5 478.5
24 55.6875 2062.5 622.5 478.5
25 55.6875 1980 540 396

1440 30/1.001 55.6875/1.001 1650 210 66
30 55.6875 1650 210 66
50 111.375 1980 540 396
60/1.001 111.375/1.001 1650 210 66
60 111.375 1650 210 66
24/1.001 49.5/1.001 1833.3 553.3 425.3
24 49.5 1833.3 553.3 425.3
25 49.5 1760 480 352

1280 30/1.001 49.5/1.001 1466.7 186.7 58.7
30 49.5 1466.7 186.7 58.7
50 99 1760 480 352
60/1.001 99/1.001 1466.7 186.7 58.7
60 99 1466.7 186.7 58.7

Table 4.3. Various 1125-Line Progressive Analog - Digital
Parameters for Figure 4.36.




References 65

LINE 1 (V = 1)
BLANKING

LINE 42 (V = 0)

LINE F \
NUMBER

ACTIVE VIDEO -4 0 1
42-1121 0 0

1122-1125 0 1

LINE 1122 (V = 1)

BLANKING

LINE 1125 (V = 1)

Figure 4.37. 1125-Line Progressive Digital Vertical Timing (1080 Active Lines). V changes state at
the EAV sequence at the beginning of the digital line. Note that the digital line number changes
state prior to start of horizontal sync, as shown in Figures 4.35 and 4.36.
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Analog Video
Interfaces

For years, the primary video signal used by the
consumer market has been composite NTSC
or PAL video (Figures 8.2 and 8.13). Attempts
have been made to support s-video, but, until
recently, it has been largely limited to SVHS
VCRs and high-end televisions.

With the introduction of DVD players, digi-
tal settop boxes, and DTV, there has been
renewed interest in providing high-quality
video to the consumer market. This equipment
not only supports very high quality composite
and s-video signals, but many also allow the
option of using analog R'G'B’ or YPbPr video.

Using analog R'G'B’ or YPbPr video elimi-
nates NTSC/PAL encoding and decoding arti-
facts. As a result, the picture is sharper and has
less noise. More color bandwidth is also avail-
able, increasing the horizontal detail.

66

S-Video Interface

The RCA phono connector (consumer market)
or BNC connector (pro-video market) trans-
fers a composite NTSC or PAL video signal,
made by adding the intensity (Y) and color (C)
video signals together. The television then has
to separate these Y and C video signals in
order to display the picture. The problem is
that the Y/C separation process is never per-
fect, as discussed in Chapter 9.

Many video components now support a 4-
pin s-video connector, illustrated in Figure 5.1
(the female connector viewpoint). This connec-
tor keeps the intensity (Y) and color (C) video
signals separate, eliminating the Y/C separa-
tion process in the TV. As a result, the picture
is sharper and has less noise. Figures 9.2 and
9.3 illustrate the Y signal, and Figures 9.10 and
9.11 illustrate the C signal.

VBI (vertical blanking interval) informa-
tion, such as closed captioning and teletext, is
present on the Y video signal.
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A DC offset may be present on the C signal
to indicate widescreen (16:9) program material
is present. An offset of 5V indicates a 16:9
anamorphic (squeezed) image is present. A
16:9 TV detects the DC offset and expands the
4:3 image to fill the screen, restoring the cor-
rect aspect ratio of the program. Some systems
also use an offset of 2.3V to indicate the pro-
gram is letterboxed.

The IEC 60933-5 standard specifies the s-
video connector, including signal levels.

Extended S-Video Interface

The PC market also uses an extended s-video
interface. This interface has 7 pins, as shown
in Figure 5.1, and is backwards compatible
with the 4-pin interface.

The three additional pins are for an [2C
interface (SDA bi-directional data pin and SCL
clock pin) and a +12V power pin.

7-PIN MINI DIN CONNECTOR

0]
=z
o

(SERIAL CLOCK)
(SERIAL DATA)

LU I | B NCY
+ 0N O<y
o0
>

NoO O AW
N
<

SCART Interface

Most consumer video components in Europe
support one or two 21-pin SCART connectors
(also known as Peritel and Euroconnector).
This connection allows analog R'G'B’ video or
svideo, composite video, and analog stereo
audio to be transmitted between equipment
using a single cable. The composite video sig-
nal must always be present, as it provides the
basic video timing for the analog R'G’'B’ video
signals. Note that the 700 mV R'G'B’ signals
do not have a blanking pedestal or sync infor-
mation, as illustrated in Figure 5.4.

VBI information, such as closed captioning
and teletext, is present on the composite, Y,
and R'G’B’ video signals.

There are now several types of SCART
pinouts, depending on the specific functions
implemented, as shown in Tables 5.1 through
5.3. Pinout details are shown in Figure 5.2.

The IEC 60933-1 and 609332 standards
specify the basic SCART connector, including
signal levels.

4-PIN MINI DIN CONNECTOR

bmr‘
TS
o<y

Figure 5.1. S-Video Connector and Signal Names.
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Pin Function Signal Level Impedance
1 audio right out (or audio mono out) 0.5v rms < 1K ohm
2 audio right in (or audio mono in) 0.5v rms >10 K ohm
3 audio left out (or audio mono out) 0.5v rms < 1K ohm
4 audio ground
5 blue ground
6 audio left in (or audio mono in) 0.5v rms > 10K ohm
7 blue 0.7v 75 ohms
8 function select 9.5-12V = AV mode > 10K ohm

5-8V = widescreen mode
0-2V =TV mode
9 green ground
10 data 2

11 green 0.7v 75 ohms
12 data 1
13 red ground
14 data ground
15 red 0.7v 75 ohms
16 RGB control 1-3v = RGB, 75 ohms

0-0.4v = composite
17 video ground

18 RGB control ground
19 composite video out 1v 75 ohms
20 composite video in 1v 75 ohms
21 safety ground

Figure 5.2. SCART Connector.

Table 5.1. SCART Connector Signals (Composite and RGB Video).




SCART Interface

Pin Function Signal Level Impedance
1 audio right out (or audio mono out) 0.5v rms < 1K ohm
2 audio right in (or audio mono in) 0.5v rms >10 K ohm
3 audio left out (or audio mono out) 0.5v rms < 1K ohm
4 audio ground
5 ground
6 audio left in (or audio mono in) 0.5v rms > 10K ohm
7
8 function select 9.5-12V = AV mode > 10K ohm

5-8V = widescreen mode
0-2V =TV mode
9 ground
10 data 2
11
12 data 1
13 ground
14 data ground
15
16
17 video ground
18
19 composite video out 1v 75 ohms

20 composite video in 1v 75 ohms

21 safety ground

Table 5.2. SCART Connector Signals (Composite Video Only).
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Pin Function Signal Level Impedance
1 audio right out (or audio mono out) 0.5v rms < 1K ohm
2 audio right in (or audio mono in) 0.5v rms >10 Kohm
3 audio left out (or audio mono out) 0.5v rms < 1K ohm
4 audio ground
5 ground
6 audio left in (or audio mono in) 0.5v rms > 10K ohm
7 composite video in 1v 75 ohms
8 function select 9.5-12V = AV mode > 10K ohm

5-8V = widescreen mode
0-2V =TV mode
9 ground

10 data 2
11 composite video in! 1v 75 ohms
12 data 1
13 ground
14 data ground
15 chrominance video 0.3v burst 75 ohms
16
17 video ground
18
19 composite video out 1v 75 ohms
20 luminance video 1v 75 ohms
21 safety ground

Notes:

1. Japan adds these two composite signals to their implementation.

Table 5.3. SCART Connector Signals (Composite and S-Video).
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SDTV RGB Interface

Some SDTV consumer video equipment sup-
ports an analog R'G'B’ video interface. Vertical
blanking interval (VBI) information, such as
closed captioning and teletext, may be present
on the R'G'B’ video signals. Three separate
RCA phono connectors (consumer market) or
BNC connectors (pro-video and PC market)
are used.

The horizontal and vertical video timing
are dependent on the video standard, as dis-
cussed in Chapter 4. For sources, the video
signal at the connector should have a source
impedance of 75Q +5%. For receivers, video
inputs should be AC-coupled and have a 75-Q
+5% input impedance. The three signals must
be coincident with respect to each other within
+5ns.

Sync information may be present on just
the green channel, all three channels, as a sep-
arate composite sync signal, or as separate hor-
izontal and vertical sync signals. A gamma of
1/0.45 is used.

7.5 IRE Blanking Pedestal

As shown in Figure 5.3, the nominal active
video amplitude is 714 mV, including a 7.5 +2
IRE blanking pedestal. A 286 +6 mV composite
sync signal may be present on just the green
channel (consumer market), or all three chan-
nels (pro-video market). DC offsets up to 1V
may be present.

Analog R'G’'B’ Generation

Assuming 10-bit D/A converters (DACs) with
an output range of 0-1.305V, the 10-bit YCbCr
to R'G'B’ equations are:

R’ = 0.591 (Ygy; — 64) + 0.810(Cr — 512)

G’ =0.591(Ygo; — 64) — 0.413(Cr —512) —
0.199(Ch - 512)

B’ =0.591 (Y601 - 64) + 1025(Cb - 512)

R’G'B’ has a nominal 10-bit range of 0-518
to match the active video levels used by the
NTSC/PAL encoder in Chapter 9. Note that
negative values of R'G'B’ should be supported
at this point.

To implement the 7.5 IRE blanking pedes-
tal, a value of 42 is added to the digital R'G'B’
data during active video. 0 is added during the
blanking time.

After the blanking pedestal is added, the
R'G'B’ data is clamped by a blanking signal
that has a raised cosine distribution to slow the
slew rate of the start and end of the video sig-
nal. For interlaced SDTV systems, blank rise
and fall times are 140 +20 ns. For progressive
SDTV systems, blank rise and fall times are 70
+10 ns.

Composite sync information may be added
to the R'G'B’ data after the blank processing
has been performed. Values of 16 (sync
present) or 240 (no sync) are assigned. The
sync rise and fall times should be processed to
generate a raised cosine distribution (between
16 and 240) to slow the slew rate of the sync
signal. For interlaced SDTV systems, sync rise
and fall times are 140 +20 ns, and horizontal
sync width at the 50%-point is 4.7 0.1 us. For
progressive SDTV systems, sync rise and fall
times are 70 +10 ns, and horizontal sync width
at the 50%-point is 2.33 +0.05 ps.

At this point, we have digital R'G'B’ with
sync and blanking information, as shown in
Figure 5.3 and Table 5.4. The numbers in
parentheses in Figure 5.3 indicate the data
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1.020V

0.357V
0.306 V

0.020V

1.020V

0.357V
0.306 V

100 IRE
175 e
40 IRE
GREEN, BLUE, OR RED CHANNEL, SYNC PRESENT
100 IRE

175 Re

GREEN, BLUE, OR RED CHANNEL, NO SYNC PRESENT

WHITE LEVEL (800)

BLACK LEVEL (282)
BLANK LEVEL (240)

SYNC LEVEL (16)

WHITE LEVEL (800)

BLACK LEVEL (282)
BLANK LEVEL (240)

Figure 5.3. SDTV Analog RGB Levels. 7.5 IRE blanking level.
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1.020V

0.321V

0.020 V

1.020V

0.321V

100 IRE

43 IRE

100 IRE

WHITE LEVEL (800)

BLACK/BLANK LEVEL (252)

SYNC LEVEL (16)

GREEN, BLUE, OR RED CHANNEL, SYNC PRESENT

WHITE LEVEL (800)

BLACK/BLANK LEVEL (252)

GREEN, BLUE, OR RED CHANNEL, NO SYNC PRESENT

Figure 5.4. SDTV Analog RGB Levels. O IRE blanking level.
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value for a 10-bit DAC with a full-scale output
value of 1.305V. The digital R'G’'B" data may
drive three 10-bit DACs that generate a 0-
1.305V output to generate the analog R'G'B’
video signals.

As the sample-and-hold action of the DAC
introduces a (sin x)/x characteristic, the video
data may be digitally filtered by a [(sin x) /2]~
filter to compensate. Alternately, as an analog
lowpass filter is usually present after each
DAC, the correction may take place in the ana-
log filter.

Video 7.5 IRE 0 IRE
Level Blanking Pedestal | Blanking Pedestal
white 800 800
black 282 252
blank 240 252
sync 16 16

Table 5.4. SDTV 10-Bit R"G"B” Values.

Analog R'G’'B’ Digitization

Assuming 10-bit A/D converters (ADCs) with
an input range of 0-1.305V, the 10-bit R'G'B’ to
YCbCr equations are:

Y01 = 0.506(R’ — 282) +0.992(G" - 282) +
0.193(B’ - 282) + 64

Cb =-0.291(R" - 282) - 0.573(G" - 282) +
0.864(B" —282) + 512

Cr=0.864(R"-282) - 0.724(G" - 282) -
0.140(B’ - 282) + 512

R'G'B’ has a nominal 10-bit range of 282-
800 to match the active video levels used by
the NTSC/PAL decoder in Chapter 9. Table
5.4 and Figure 5.3 illustrate the 10-bit R'G'B’
values for the white, black, blank, and
(optional) sync levels.

0 IRE Blanking Pedestal

As shown in Figure 5.4, the nominal active
video amplitude is 700 mV, with no blanking
pedestal. A 300 +6 mV composite sync signal
may be present on just the green channel (con-
sumer market), or all three channels (pro-
video market). DC offsets up to +1V may be
present.

Analog R'G'B’ Generation

Assuming 10-bit DACs with an output range of
0-1.305V, the 10-bit YCbCr to R'G'B’ equations
are:

R’ =0.625(Ygp1 — 64) +0.857(Cr —512)

G’ = 0.625(Yg0; - 64) — 0.437(Cr - 512) -
0.210(Cb - 512)

B’ = 0.625(Ygy; — 64) + 1.084(Ch - 512)

R’G'B’ has a nominal 10-bit range of 0-548
to match the active video levels used by the
NTSC/PAL encoder in Chapter 9. Note that
negative values of R'G'B’ should be supported
at this point.

The R'G'B’ data is processed as discussed
when using a 7.5 IRE blanking pedestal. How-
ever, no blanking pedestal is added during
active video, and the sync values are 16-252
instead of 16-240.

At this point, we have digital R'G'B’ with
sync and blanking information, as shown in
Figure 5.4 and Table 5.4. The numbers in
parentheses in Figure 5.4 indicate the data
value for a 10-bit DAC with a full-scale output
value of 1.305V. The digital R'G'B" data may
drive three 10-bit DACs that generate a 0-
1.305V output to generate the analog R'G'B’
video signals.
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Analog R'G'B’ Digitization

Assuming 10-bit ADCs with an input range of
0-1.305V, the 10-bit R'G'B’ to YCbCr equations
are:

Yeo1 = 0.478R’ - 252) +0.938(G' - 252) +
0.182(B’ - 252) + 64

Cb =-0.275(R’ - 252) — 0.542(G" - 252) +
0.817(B" - 252) + 512

Cr=0.817(R" - 252) - 0.685(G" - 252) —
0.132(B" - 252) + 512

R’'G’'B’ has a nominal 10-bit range of 252
800 to match the active video levels used by
the NTSC/PAL decoder in Chapter 9. Table
5.4 and Figure 5.4 illustrate the 10-bit R'G'B’
values for the white, black, blank, and
(optional) sync levels.

HDTV RGB Interface

Some HDTV consumer video equipment sup-
ports an analog R'G'B’ video interface. Three
separate RCA phono connectors (consumer
market) or BNC connectors (pro-video and PC
market) are used.

The horizontal and vertical video timing
are dependent on the video standard, as dis-
cussed in Chapter 4. For sources, the video
signal at the connector should have a source
impedance of 75Q +5%. For receivers, video
inputs should be AC-coupled and have a 75-Q
+5% input impedance. The three signals must
be coincident with respect to each other within
+5ns.

Sync information may be present on just
the green channel, all three channels, as a sep-
arate composite sync signal, or as separate hor-
izontal and vertical sync signals. A gamma of
1/0.45 is used.

As shown in Figure 5.5, the nominal active
video amplitude is 700 mV, and has no blank-
ing pedestal. A £300 £6 mV tri-level composite
sync signal may be present on just the green
channel (consumer market), or all three chan-
nels (pro-video market). DC offsets up to £1V
may be present.

Analog R"G B~ Generation

Assuming 10-bit DACs with an output range of
0-1.305V, the 10-bit YCbCr to R'G'B’ equations
are:

R’ = 0.625(Y709 — 64) + 0.963(Cr — 512)

G’ =0.625(Y709 - 64) — 0.287(Cr — 512) —
0.114(Cb - 512)

B’ = 0.625(Y7 — 64) + 1.136(Ch — 512)

R’G'B’ has a nominal 10-bit range of 0-548
to match the active video levels used by the
NTSC/PAL encoder in Chapter 9. Note that
negative values of R'G'B’ should be supported
at this point.

The R'G'B’ data is clamped by a blanking
signal that has a raised cosine distribution to
slow the slew rate of the start and end of the
video signal. For 1080-line interlaced and 720-
line progressive HDTV systems, blank rise and
fall times are 54 +20 ns. For 1080-line progres-
sive HDTV systems, blank rise and fall times
are 27 £10 ns.

Composite sync information may be added
to the R'G'B’ data after the blank processing
has been performed. Values of 16 (sync low),
488 (high sync), or 252 (no sync) are assigned.
The sync rise and fall times should be pro-
cessed to generate a raised cosine distribution
to slow the slew rate of the sync signal. For
1080-line interlaced HDTV systems, sync rise
and fall times are 54 +20 ns, and the horizontal
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1.020V

0.622V

0.321V

0.020V

1.020V

0.321V

100 IRE

100 IRE

WHITE LEVEL (800)

SYNC LEVEL (488)
43 IRE
BLACK / BLANK LEVEL (252)
43 IRE
SYNC LEVEL (16)
GREEN, BLUE, OR RED CHANNEL, SYNC PRESENT
WHITE LEVEL (800)

BLACK/BLANK LEVEL (252)

GREEN, BLUE, OR RED CHANNEL, NO SYNC PRESENT

Figure 5.5. HDTV Analog RGB Levels. 0 IRE blanking level.
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sync low and high widths at the 50%-points are
593 +40 ns. For 720-line progressive HDTV
systems, sync rise and fall times are 54 +20 ns,
and the horizontal sync low and high widths at
the 50%-points are 539 +40 ns. For 1080-line
progressive HDTV systems, sync rise and fall
times are 27 +10 ns, and the horizontal sync
low and high widths at the 50%-points are 296
+20 ns

At this point, we have digital R'G'B’ with
sync and blanking information, as shown in
Figure 5.5 and Table 5.5. The numbers in
parentheses in Figure 5.5 indicate the data
value for a 10-bit DAC with a full-scale output
value of 1.305V. The digital R'G'B" data may
drive three 10-bit DACs that generate a 0-
1.305V output to generate the analog R'G'B’
video signals.

Video 0 IRE
Level Blanking Pedestal
white 800
sync - high 488
black 252
blank 252
sync - low 16

Table 5.5. HDTV 10-Bit R"G"B” Values.

Analog R"G B" Digitization
Assuming 10-bit ADCs with an input range of

0-1.305V, the 10-bit R'G'B’ to YCbCr equations
are:

Y00 = 0.341 (R’ - 252) + 1.143(G' - 252) +
0.115(B" - 252) + 64

Cb =-0.188(R" - 252) — 0.629(G" - 252) +
0.817(B" - 252) + 512

Cr=0.817(R" - 252) - 0.743(G" - 252) —
0.074(B" - 252) + 512

R’G’'B’ has a nominal 10-bit range of 252—
800 to match the active video levels used by
the NTSC/PAL decoder in Chapter 9. Table
5.5 and Figure 5.5 illustrate the 10-bit R'G'B’
values for the white, black, blank, and
(optional) sync levels.

SDTV YPbPr Interface

Some SDTV consumer video equipment sup-
ports an analog YPbPr video interface. Vertical
blanking interval (VBI) information, such as
closed captioning and teletext, may be present
on the Y signal. Three separate RCA phono
connectors (consumer market) or BNC con-
nectors (pro-video market) are used.

The horizontal and vertical video timing
are dependent on the video standard, as dis-
cussed in Chapter 4. For sources, the video
signal at the connector should have a source
impedance of 75Q +5%. For receivers, video
inputs should be AC-coupled and have a 75-Q
+5% input impedance. The three signals must
be coincident with respect to each other within
+5ns.

For consumer products, composite sync is
present on only the Y channel. For pro-video
applications, composite sync is present on all
three channels. A gamma of 1/0.45 is speci-
fied.

As shown in Figures 5.6 and 5.7, the Y sig-
nal consists of 700 mV of active video (with no
blanking pedestal). Pb and Pr have a peak-to-
peak amplitude of 700 mV. A 300 +6 mV com-
posite sync signal is present on just the Y chan-
nel (consumer market), or all three channels
(pro-video market). DC offsets up to +1V may
be present. The 100% and 75% YPbPr color bar
values are shown in Tables 5.6 and 5.7.
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1.020V

0.321V

0.020V

1.003V

0.653V

0.303V

WHITE LEVEL (800)

100 IRE
BLACK / BLANK LEVEL (252)
43 IRE
SYNC LEVEL (16)
Y CHANNEL, SYNC PRESENT
PEAK LEVEL (786)
50 IRE
BLACK / BLANK LEVEL (512)
50 IRE

PEAK LEVEL (238)

PB OR PR CHANNEL, NO SYNC PRESENT

Figure 5.6. SDTV Analog YPbPr Levels. Sync on Y.



SDTV YPbPr Interface

79

1.020V

0.321V

0.020V

1.003V

0.653V

0.352V
0.303V

WHITE LEVEL (800)

100 IRE
BLACK / BLANK LEVEL (252)
43 IRE
SYNC LEVEL (16)
Y CHANNEL, SYNC PRESENT
PEAK LEVEL (786)
50 IRE
BLACK / BLANK LEVEL (512)
43 IRE
50 IRE

SYNC LEVEL (276)
PEAK LEVEL (238)

PB OR PR CHANNEL, SYNC PRESENT

Figure 5.7. SDTV Analog YPbPr Levels. Sync on YPbPr.
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3

=
IRE 100 88.6 70.1 58.7 41.3 29.9 11.4 0
Y mV 700 620 491 411 289 209 80 0
IRE 0 -50 16.9 -33.1 33.1 -16.9 50 0
Pb mV 0 -350 118 232 232 -118 350 0
IRE 0 8.1 -50 —41.9 41.9 50 -8.1 0
Pr mV 0 57 -350 -293 293 350 -57 0

Table 5.6. SDTV YPbPr 100% Color Bars. Values are relative to the blanking level.

3

=
IRE 75 66.5 52.6 44.0 31.0 22.4 8.6 0
Y mV 525 465 368 308 217 157 60 0
IRE 0 -37.5 12.7 —24.8 24.8 -12.7 37.5 0
Pb mV 0 —263 89 -174 174 -89 263 0
IRE 0 6.1 -37.5 -314 314 37.5 -6.1 0
Pr mV 0 43 —263 220 220 263 —43 0

Table 5.7. SDTV YPbPr 75% Color Bars. Values are relative to the blanking level.
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Analog YPbPr Generation

Assuming 10-bit DACs with an output range of
0-1.305V, the 10-bit YCbCr to YPbPr equations
are:

Y = 0.625(Ygy; - 64)
Pb = 0.612(Cb - 512)
Pr = 0.612(Cr - 512)

Y has a nominal 10-bit range of 0-548 to
match the active video levels used by the
NTSC/PAL encoder in Chapter 9. Pb and Pr
have a nominal 10-bit range of 0 to +274. Note
that negative values of Y should be supported
at this point.

The YPbPr data is clamped by a blanking
signal that has a raised cosine distribution to
slow the slew rate of the start and end of the
video signal. For interlaced SDTV systems,
blank rise and fall times are 140 +20 ns. For
progressive SDTV systems, blank rise and fall
times are 70 +10 ns.

Composite sync information is added to
the Y data after the blank processing has been
performed. Values of 16 (sync present) or 252
(no sync) are assigned. The sync rise and fall
times should be processed to generate a raised
cosine distribution (between 16 and 252) to
slow the slew rate of the sync signal.

Composite sync information may also be
added to the PbPr data after the blank process-
ing has been performed. Values of 276 (sync
present) or 512 (no sync) are assigned. The
sync rise and fall times should be processed to
generate a raised cosine distribution (between
276 and 512) to slow the slew rate of the sync
signal.

For interlaced SDTV systems, sync rise
and fall times are 140 +20 ns, and horizontal
sync width at the 50%-point is 4.7 £0.1 us. For
progressive SDTV systems, sync rise and fall

times are 70 +10 ns, and horizontal sync width
at the 50%-point is 2.33 +0.05 ps.

At this point, we have digital YPbPr with
sync and blanking information, as shown in
Figures 5.6 and 5.7 and Table 5.8. The num-
bers in parentheses in Figures 5.6 and 5.7 indi-
cate the data value for a 10-bit DAC with a full-
scale output value of 1.305V. The digital YPbPr
data may drive three 10-bit DACs that generate
a 0-1.305V output to generate the analog
YPbPr video signals.

‘Sg;‘: Y PbPr
white 800 512
black 252 512
blank 252 512
sync 16 276

Table 5.8. SDTV 10-Bit YPbPr Values.

Analog YPbPr Digitization

Assuming 10-bit ADCs with an input range of
0-1.305V, the 10-bit YPbPr to YCbCr equations
are:

Yeo1 = 1.599(Y — 252) + 64
Cb = 1.635(Pb — 512) + 512
Cr = 1.635(Pr - 512) + 512

Y has a nominal 10-bit range of 252—-800 to
match the active video levels used by the
NTSC/PAL decoder in Chapter 9. Table 5.8
and Figures 5.6 and 5.7 illustrate the 10-bit
YPbPr values for the white, black, blank, and
(optional) sync levels.
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HDTV YPbPr Interface

Some HDTV consumer video equipment sup-
ports an analog YPbPr video interface. Three
separate RCA phono connectors (consumer
market) or BNC connectors (pro-video mar-
ket) are used.

The horizontal and vertical video timing
are dependent on the video standard, as dis-
cussed in Chapter 4. For sources, the video
signal at the connector should have a source
impedance of 75Q +5%. For receivers, video
inputs should be AC-coupled and have a 75-Q
+5% input impedance. The three signals must
be coincident with respect to each other within
+5ns.

For consumer products, composite sync is
present on only the Y channel. For pro-video
applications, composite sync is present on all
three channels. A gamma of 1/0.45 is speci-
fied.

As shown in Figures 5.8 and 5.9, the Y sig-
nal consists of 700 mV of active video (with no
blanking pedestal). Pb and Pr have a peak-to-
peak amplitude of 700 mV. A +300 £6 mV com-
posite sync signal is present on just the Y chan-
nel (consumer market), or all three channels
(pro-video market). DC offsets up to +£1V may
be present. The 100% and 75% YPbPr color bar
values are shown in Tables 5.9 and 5.10.

Analog YPbPr Generation

Assuming 10-bit DACs with an output range of
0-1.305V, the 10-bit YCbCr to YPbPr equations
are:

Y = 0.625(Y7p9 — 64)

Pb =0.612(Cb - 512)

Pr=0.612(Cr - 512)

Y has a nominal 10-bit range of 0-548 to
match the active video levels used by the
NTSC/PAL encoder in Chapter 9. Pb and Pr
have a nominal 10-bit range of 0 to £274. Note
that negative values of Y should be supported
at this point.

The YPbPr data is clamped by a blanking
signal that has a raised cosine distribution to
slow the slew rate of the start and end of the
video signal. For 1080-line interlaced and 720-
line progressive HDTV systems, blank rise and
fall times are 54 +20 ns. For 1080-line progres-
sive HDTV systems, blank rise and fall times
are 27 £10 ns.

Composite sync information is added to
the Y data after the blank processing has been
performed. Values of 16 (sync low), 488 (high
sync), or 252 (no sync) are assigned. The sync
rise and fall times should be processed to gen-
erate a raised cosine distribution to slow the
slew rate of the sync signal.

Composite sync information may be added
to the PbPr data after the blank processing has
been performed. Values of 276 (sync low), 748
(high sync), or 512 (no sync) are assigned.
The sync rise and fall times should be pro-
cessed to generate a raised cosine distribution
to slow the slew rate of the sync signal.

For 1080-line interlaced HDTV systems,
sync rise and fall times are 54 +20 ns, and the
horizontal sync low and high widths at the 50%-
points are 593 +40 ns. For 720-line progressive
HDTYV systems, sync rise and fall times are 54
+20 ns, and the horizontal sync low and high
widths at the 50%points are 539 +40 ns. For
1080-line progressive HDTV systems, sync rise
and fall times are 27 10 ns, and the horizontal
sync low and high widths at the 50%-points are
296 +20 ns.

At this point, we have digital YPbPr with
sync and blanking information, as shown in
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1.020V

0.622V

0.321V

0.020V

1.003V

0.653V

0.303V

100 IRE

43 IRE

43 IRE

Y CHANNEL, SYNC PRESENT

50 IRE

50 IRE

PB OR PR CHANNEL, NO SYNC PRESENT

Figure 5.8. HDTV Analog YPbPr Levels. Sync on Y.

WHITE LEVEL (800)

SYNC LEVEL (488)

BLACK /BLANK LEVEL (252)

SYNC LEVEL (16)

PEAK LEVEL (786)

BLACK/BLANK LEVEL (512)

PEAK LEVEL (238)
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1.020V

0.622V

0.321V

0.020V

1.003V
0.954V

0.653V

0.352V
0.303V

100 IRE

50 IRE

50 IRE

43 IRE

43 IRE

43 IRE

43 IRE

Figure 5.9

WHITE LEVEL (800)

SYNC LEVEL (488)

BLACK /BLANK LEVEL (252)

SYNC LEVEL (16)

Y CHANNEL, SYNC PRESENT

PEAK LEVEL (786)

/ SYNC LEVEL (748)
BLACK/BLANK LEVEL (512)
SYNC LEVEL (276)
PEAK LEVEL (238)

PB OR PR CHANNEL, SYNC PRESENT

. HDTV Analog YPbPr Levels. Sync on YPbPr.
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3

=
IRE 100 92.8 78.7 71.5 28.5 21.3 7.2 0
Y mV 700 649 551 501 199 149 51 0
IRE 0 -50 11.5 -38.5 38.5 -11.5 50 0
Pb mV 0 -350 80 =270 270 -80 350 0
IRE 0 4.6 -50 —45.4 454 50 —4.6 0
Pr mV 0 32 -350 -318 318 350 -32 0

Table 5.9. HDTV YPbPr 100% Color Bars. Values are relative to

the blanking level.

3

=
IRE 75 69.6 59.1 53.6 214 15.9 5.4 0
Y mV 525 487 413 375 150 112 38 0
IRE 0 -37.5 8.6 —28.9 28.9 -8.6 37.5 0
Pb mV 0 —263 60 -202 202 -60 263 0
IRE 0 34 -37.5 -34.1 34.1 37.5 -34 0
Pr mV 0 24 —263 238 238 263 -24 0

Table 5.10. HDTV YPbPr 75% Color Bars. Values are relative to the blanking level.



86  Chapter 5: Analog Video Interfaces

Figures 5.8 and 5.9 and Table 5.11. The num-
bers in parentheses in Figures 5.8 and 5.9 indi-
cate the data value for a 10-bit DAC with a full-
scale output value of 1.305V. The digital YPbPr
data may drive three 10-bit DACs that generate
a 0-1.305V output to generate the analog
YPbPr video signals.

‘&‘L‘Z‘I’ Y PbPr
white 800 512
sync - high 488 748
black 252 512
blank 252 512
sync - low 16 276

Table 5.11. HDTV 10-Bit YPbPr Values.

Analog YPbPr Digitization

Assuming 10-bit ADCs with an input range of
0-1.305V, the 10-bit YPbPr to YCbCr equations
are:

Y709 = 1599(Y— 252) +64

Cb =1.635(Pb - 512) + 512

Cr=1.635(Pr->512) + 512

Y has a nominal 10-bit range of 252-800 to
match the active video levels used by the
NTSC/PAL decoder in Chapter 9. Table 5.11
and Figures 5.8 and 5.9 illustrate the 10-bit
YPbPr values for the white, black, blank, and
(optional) sync levels.

Other Pro-Video Analog
Interfaces

Tables 5.12 and 5.13 list some other common
component analog video formats. The horizon-
tal and vertical timing is the same as for 525-
line M) NTSC and 625line (B, D, G, H, I)
PAL. The 100% and 75% color bar values are
shown in Tables 5.14 through 5.17. The
SMPTE, EBU N10, 625-line Betacam, and 625
line MII values are the same as for SDTV
YPbPr.

VGA Interface

Table 5.18 and Figure 5.10 illustrate the 15-pin
VGA connector used by computer equipment,
and some consumer equipment, to transfer
analog RGB signals. The analog RGB signals
do not contain sync information and have no
blanking pedestal, as shown in Figure 5.4.
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Signal
Format Qutput Amplitudes Notes
g (volts)
SMPTE b +0.700 0% setup on Y
EBU N10 sync -0.300 100% saturation
: . three wire = (Y + sync), (R-Y), (B-Y)
R-Y,B-Y +0.350
525-Line Y +0.714 7.5% setup on Y only
Betacaln) sync -0.286 100% saturation
R-Y, B-Y +0.467 three wire = (Y + sync), R'-Y), (B-Y)
625-Line hd +0.700 0% setup on Y
Betacam sync -0.300 100% saturation
R-Y, B-Y +0.350 three wire = (Y + sync), (R-Y), (B'-Y)
525-Line Y +0.700 7.5% setup on Y only
MIZ sync ~0.300 100% saturation
R-Y, B-Y +0.324 three wire = (Y + sync), R-Y), (B-Y)
625-Line hd +0.700 0% setup on Y
MIIZ sync -0.300 100% saturation
R-Y, B-Y +0.350 three wire = (Y + sync), (R-Y), (B'-Y)
Notes:

1. Trademark of Sony Corporation.

2. Trademark of Matsushita Corporation.

Table 5.12. Common Pro-Video Component Analog Video Formats.
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Signal
Format g:’tz::: Amplitudes Notes
E (volts)
SMPTE, G,B,R +0.700 0% setup on G, B', and R’
EBU N10 100% saturation
sync -0.300 three wire = (G’ + sync), B, R’
NTSC G,B,R’ +0.714 7.5% setup on G', B', and R’
(setup) 100% saturation
P sync -0.286 three wire = (G’ + sync), B, R’
NTSC G,B, KR +0.714 0% setup on G', B, and R’
(no setup) 100% saturation
P syne -0.286 three wire = (G’ + sync), B, R’
G,B,R +0.700 7.5% setup on G', B/, and R’
Mt 100% saturation
syne -0.300 three wire = (G’ + sync), B, R’

Notes:
1. Trademark of Matsushita Corporation.

Table 5.13. Common Pro-Video RGB Analog Video Formats.
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3
=
IRE 100 89.5 72.3 61.8 45.7 35.2 18.0 7.5
Y mV 714 639 517 441 326 251 129 54
, IRE 0 —-65.3 22.0 —43.3 43.3 —22.0 65.3 0
By mV 0 —466 157 -309 309 -157 466 0
, IRE 0 10.6 —65.3 -54.7 54.7 65.3 -10.6 0
R=Y mV 0 76 —466 -391 391 466 -76 0

Table 5.14. 525-Line Betacam 100% Color Bars. Values are relative to the

blanking level.

3
=
IRE 76.9 69.0 56.1 48.2 36.2 28.2 15.4 7.5
Y mV 549 492 401 344 258 202 110 54
, IRE 0 -49.0 16.5 -32.5 32.5 -16.5 49.0 0
By mV 0 -350 118 232 232 -118 350 0
, IRE 0 8.0 -49.0 -41.0 41.0 49.0 -8.0 0
Ry mV 0 57 -350 -293 293 350 =57 0

Table 5.15. 525-Line Betacam 75% Color Bars. Values are relative to the blanking level.
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3
=
IRE 100 89.5 72.3 61.8 45.7 35.2 18.0 7.5
Y mV 700 626 506 433 320 246 126 53
, IRE 0 -46.3 15.6 -30.6 30.6 -15.6 46.3 0
By mV 0 -324 109 -214 214 -109 324 0
, IRE 0 7.5 -46.3 -38.7 38.7 46.3 7.5 0
R=Y mV 0 53 -324 =271 271 324 -53 0

Table 5.16. 525-Line MIl 100% Color Bars. Values are relative to the blanking level.

3
=
IRE 76.9 69.0 56.1 48.2 36.2 28.2 15.4 7.5
Y mV 538 483 393 338 253 198 108 53
, IRE 0 -34.7 11.7 -23.0 23.0 -11.7 34.7 0
By mV 0 -243 82 -161 161 -82 243 0
, IRE 0 5.6 -34.7 —29.0 29.0 34.7 -5.6 0
Ry mV 0 39 -243 -203 203 243 -39 0

Table 5.17. 525-Line MIl 75% Color Bars. Values are relative to the blanking level.

Figure 5.10. VGA 15-Pin D-SUB Female Connector.
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Pin Function Signal Level Impedance
1 red 0.7v 75 ohms
2 green 0.7v 75 ohms
3 blue 0.7v 75 ohms
4 reserved
5 ground
6 red ground
7 green ground
8 blue ground
9 +5VDC
10 sync ground
11 reserved
12 DDC SDA >2.4v
13 HSYNC (horizontal sync) >2.4v
14 VSYNC (vertical sync) >24v
15 DDC SCL >2.4v

Notes:
1. DDC = Display Data Channel.

Table 5.18. VGA Connector Signals.
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Chapter 6

Digital Video
Interfaces

Pro-Video Component
Interfaces

Table 6.1 lists the parallel and serial digital
interfaces for various pro-video formats.

Video Timing

Rather than digitize and transmit the blanking
intervals, special sequences are inserted into
the digital video stream to indicate the start of
active video (SAV) and end of active video
(EAV). These EAV and SAV sequences indi-
cate when horizontal and vertical blanking are
present and which field is being transmitted.
They also enable the transmission of ancillary
data such as digital audio, teletext, captioning,
etc. during the blanking intervals.

The EAV and SAV sequences must have
priority over active video data or ancillary data

92

to ensure that correct video timing is always
maintained at the receiver. The receiver
decodes the EAV and SAV sequences to
recover the video timing.

The video timing sequence of the encoder
is controlled by three timing signals discussed
in Chapter 4: H (horizontal blanking), V (verti-
cal blanking), and F (Field 1 or Field 2). A
zero-to-one transition of H triggers an EAV
sequence while a one-to-zero transition trig-
gers an SAV sequence. F and V are allowed to
change only at EAV sequences.

Usually, both 8bit and 10-bit interfaces are
supported, with the 10-bit interface used to
transmit 2 bits of fractional video data to mini-
mize cumulative processing errors and to sup-
port 10-bit ancillary data.

YCbCr or R'G'B” data may not use the 10-
bit values of 000003y and 3FCy—3FFy, or
the 8bit values of 00y and FFy, since they are
used for timing information.
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ixyY

Active Total Display | Frame Sample SDTV Digital Digital
Resolution | Resolutionl Aspect Rate Rat'; or Parallel Serial
(HXV) (HXV) Ratio (Hz) HDTV Standard Standard
(MHz)
. , BT.656 BT.656
720 x 480 858 x 5251 4:3 29.97 13.5 SDTV BT.799 BT799
SMPTE 125M ’
. BT.1362
720 x 480 858 x 525p 4:3 59.94 27 SDTV - SMPTE 294M
. . BT.656 BT.656
720 x 576 864 x 6251 4:3 25 13.5 SDTV BT799 BT799
720 x 576 864 x 625p 4:3 50 27 SDTV - BT.1362
BT.1302
960x 480 | 1144x525 | 169 | 2997 | 18 | SDTV BT.1303 DL
SMPTE 267TM :
. . BT.1302 BT.1302
960 x 576 1152 x 6251 16:9 25 18 SDTV BT1303 BT1303
1280 x 720 | 1650 x 750p 16:9 59.94 74.176 | HDTV SMPTE 274M -
1280 x 720 | 1650 x 750p 16:9 60 74.25 HDTV SMPTE 274M -
. . BT.1120 BT.1120
1920 x 1080 | 2200 x 11251 16:9 29.97 74.176 | HDTV SMPTE 274M SMPTE 292M
. . BT.1120 BT.1120
1920 x 1080 | 2200 x 11251 16:9 30 74.25 HDTV SMPTE 274M SMPTE 292M
. BT.1120
1920 x 1080 | 2200 x 1125p 16:9 59.94 148.35 | HDTV SMPTE 274M -
. BT.1120
1920 x 1080 | 2200 x 1125p 16:9 60 148.5 HDTV SMPTE 274M -
1920 x 1080 | 2376 x 12501 16:9 25 74.25 HDTV BT.1120 BT.1120
1920 x 1080 | 2376 x 1250p 16:9 50 148.5 HDTV BT.1120 -

Table 6.1. Pro-Video Parallel and Serial Digital Interface Standards for Various
Component Video Formats. i = interlaced, p = progressive.
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The EAV and SAV sequences are shown in
Table 6.2. The status word is defined as:

F=“0"for Field 1 F=“1"for Field 2
V =“1” during vertical blanking

H =“0" at SAV H="“1" at EAV
P3-P0 = protection bits

P3=-Ve H
P2-FeH
Pl=FeV
PO=FeVeH

where @ represents the exclusive-OR function.
These protection bits enable one- and two-bit
errors to be detected and one-bit errors to be
corrected at the receiver.

For 4:2:2 YCbCr data, after each SAV
sequence, the stream of active data words
always begins with a Cb sample, as shown in
Figure 6.1. In the multiplexed sequence, the
co-sited samples (those that correspond to the
same point on the picture) are grouped as Cb,
Y, Cr. During blanking intervals, unless ancil-
lary data is present, 10-bit Y or R'G'B’ values
should be set to 040y and 10-bit ChCr values
should be set to 200y.

The receiver detects the EAV and SAV
sequences by looking for the 8-bit FFyy 00g 00y
preamble. The status word (optionally error

corrected at the receiver, see Table 6.3) is used
to recover the H, V, and F timing signals.

Ancillary Data

Ancillary data packets are used to transmit
information (such as digital audio, closed cap-
tioning, and teletext data) during the blanking
intervals. ITU-R BT.1364 and SMPTE 291M
describe the ancillary data formats.

During horizontal blanking, ancillary data
may be transmitted in the interval between the
EAV and SAV sequences. During vertical
blanking, ancillary data may be transmitted in
the interval between the SAV and EAV
sequences. Multiple ancillary packets may be
present in a horizontal or vertical blanking
interval, but they must be contiguous with
each other. Ancillary data should not be
present where indicated in Table 6.4 since
these regions may be affected by video switch-
ing.
There are two types of ancillary data for-
mats. The older Type 1 format uses a single
data ID word to indicate the type of ancillary
data; the newer Type 2 format uses two words
for the data ID. The general packet format is
shown in Table 6.5.

8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
1 1 1 1 1 1 1 1 1 1
preamble 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
status word 1 F v H P3 P2 P1 PO 0 0

Table 6.2. EAV and SAV Sequence.
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Rgg‘_’i[‘)’;d Received F, V, H (Bits D8-D6)

000 001 010 011 100 101 110 111
0000 000 000 000 * 000 * * 111
0001 000 * * 111 * 111 111 111
0010 000 * * 011 * 101 * *
0011 * * 010 * 100 * * 111
0100 000 * * 011 * * 110 *
0101 * 001 * * 100 * * 111
0110 * 011 011 011 100 * * 011
0111 100 * * 011 100 100 100 *
1000 000 * * * * 101 110 *
1001 * 001 010 * * * * 111
1010 * 101 010 * 101 101 * 101
1011 010 * 010 010 * 101 010 *
1100 * 001 110 * 110 * 110 110
1101 001 001 * 001 * 001 110 *
1110 * * * 011 * 101 110 *
1111 * 001 010 * 100 * * *

Notes:

*

= uncorrectable error.

Table 6.3. SAV and EAV Error Correction at Decoder.

|

BT.601 H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
3 x| 2 2 2 xlclvyl[c|lvy|lc|ylclY] " c vy |3 BT.656
FlolofVY]lo|a|o]|a ol 4] Flolo|lY]B|lo|R[1|B|2|R|S3 R | 719 | F 422
F z ololFlo|o]|z]o 0 2 2 718 F =
" | VIDEO
4 268 (280) 4 1440
1716 (1728)

Figure 6.1. BT.656 Parallel Interface Data For One Scan Line. 525-line; 4:2:2
YCbCr; 720 active samples per line; 27 MHz clock; 10-bit system. The values for
625-line systems are shown in parentheses.
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Sampling Rate Video Line Numbers Sample Numbers
(MHz) Standard Affected Affected

13.5 525-line i% g;i 14(21:11_413311

13.5 625line ?: 2%8 1404_41—4137923

18 525line }(1) §§i 1902_41—9212%3

18 625-line g’ g;g 1902_41_%12%9

32232/1.001 1125line é §§§ 19?28;}1%5

Table 6.4. Ancillary Regions Affected by Switching.

Data ID (DID)

DID indicates the type of data being sent. The
assignment of most of the DID values is con-
trolled by the ITU and SMPTE to ensure
equipment compatibility. A few DID values are
available that don’t require registration. Some
DID values are listed in Table 6.6.

Secondary ID (SDID, Type 2 Only)

SDID is also part of the data ID for Type 2
ancillary formats. The assignment of most of
the SDID values is also controlled by the ITU
and SMPTE to ensure equipment compatibil-
ity. A few SDID values are available that don’t
require registration. Some SDID values are
listed in Table 6.6.

Data Block Number (DBN, Type 1 Only)

DBN is used to allow multiple ancillary pack-
ets (sharing the same DID) to be put back
together at the receiver. This is the case when
there are more than 255 user data words
required to be transmitted, thus requiring

more than one ancillary packet to be used. The
DBN value increments by one for each consec-
utive ancillary packet.

Data Count (DC)

DC specifies the number of user data words in
the packet. In 8bit applications, it specifies the
six MSBs of an 8bit value, so the number of
user data words must be an integral number of
four.

User Data Words (UDW)

Up to 255 user data words may be present in
the packet. In 8-bit applications, the number of
user data words must be an integral number of
four. Padding words may be added to ensure
an integral number of four user data words are
present.

User data may not use the 10-bit values of
0005-003¢; and 3FCy-3FFy, or the 8bit values
of 00y and FFy, since they are used for timing
information.



Pro-Video Component Interfaces 97

8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID =3 even
(DID) D8 parity Value of 0000 0000 to 1111 1111
data block =35 even
number or SDID D8 parity Value of 0000 0000 to 1111 1111
data count =35 even
(DC) D8 parity Value of 0000 0000 to 1111 1111
user data word O Value of 00 0000 0100 to 11 1111 1011
user data word N Value of 00 0000 0100 to 11 1111 1011
=5 Sum of D0-D8 of data ID through last user data word.
check sum D8 . L
Preset to all zeros; carry is ignored.

Table 6.5. Ancillary Data Packet General Format.
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8-bit 8-bit
DID Function DID Function
Type 2 Type 1
00g undefined 80y marked for deletion
01g-03y reserved 8183y reserved
04g, 0811, 0C | 8-bit applications 84y end marker
10g-3Fg reserved 85g-BFy reserved
40g-5Fy user application COg-DFyg user application
60g timecode EOg-EBy | registered
61g closed captioning EChx AES control packet, group 4
62-7Fy registered EDg AES control packet, group 3
EEg AES control packet, group 2
EFg AES control packet, group 1
8-bit F4p error detection
SDID Function
Type 2 F5y longitudinal timecode
00g undefined format F8yg AES extended packet, group 4
X0y 8-bit applications Foy AES audio data, group 4
x4y 8-bit applications FAg AES extended packet, group 3
X8y 8-bit applications FBy AES audio data, group 3
xCqg 8-bit applications FCqy AES extended packet, group 2
all others unassigned FDy AES audio data, group 2
FEg AES extended packet, group 1
FFg AES audio data, group 1

Table 6.6. DID and SDID Assignments.
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Audio Samples per Frame: 29.97 Hz Video
Sampling Samples per
" . A Frame: 25 Hz
Rate Samples per Samples per Samples per Exceptions: Exceptions: Video
(kHz) . - Frame Number of
Frame Field 1 Field 2
Number Samples
48.0 8008 / 5 1602 1601 - - 1920
23 1471
44.1 147147 / 100 1472 1471 47 1471 1764
71 1471
4 1068
32 16016 / 15 1068 1067 8 1068 1280
12 1068
Table 6.7. Isochronous Audio Sample Rates.
Digital Audio Format Optional control packets may be used on

ITU-R BT.1305 and SMPTE 272M describe the
transmission of digital audio as ancillary data.
2-16 channels of up to 24-bit digital audio are
supported, with sample rates of 32-48 kHz.
Table 6.7 lists the number of audio samples per
video frame for various audio sample rates.

Audio data of up to 20 bits per sample is
transferred using the format in Table 6.8. “V”
is the AES/EBU sample valid bit, “U” is the
AES/EBU user bit, and ”C” is the AES/EBU
audio channel status bit. “P” is an even parity
bit for the 26 previous bits in the sample
(excluding D9 in the first and second words of
the audio sample). Audio is represented as
two’s complement linear PCM data.

To support 24-bit audio samples, extended
data packets may be used to transfer the four
auxiliary bits of the AES/EBU audio stream.

Audio data is formatted as 1-4 groups,
defined by [gr 1] and [gr 0], with each group
having 14 channels of audio data, defined by
[ch 1] and [ch 0].

lines 12 and 275 (5251ine systems) or lines 8
and 320 (625-line systems) to specify the sam-
ple rate, delay relative to the video, etc. If
present, it must be transmitted prior to any
audio packets. If not transmitted, a default con-
dition of 48 kHz isochronous audio is assumed.

Timecode Format

ITU-R BT.1366 defines the transmission of
timecode using ancillary data for 525-line, 625-
line, and 1125line systems. The ancillary
packet format is shown in Table 6.9, and is
used to convey longitudinal (LTC) or vertical
interval timecode (VITC) information. For
additional information on the timecode format,
and the meaning of the flags in Table 6.9, see
the timecode discussion in Chapter 8.

Binary Bit Group 1
The eight bits that comprise binary bit group 1

(DBB10-DBB17) specify the type of timecode
and user data, as shown in Table 6.10.
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Preset to all zeros; carry is ignored.

8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID g even
(DID) D8 parity 1 1 1 1 1 grl gr0 1
data block =35 even
number (DBN) D8 parity Value of 0000 0000 to 1111 1111
data count =35 even
(DC) D8 parity Value of 0000 0000 to 1111 1111
D8 A5 A A3 A2 Al A0 chl ch0 Z
audio sample O D8 Al4 A13 Al12 All A10 A9 A8 A7 A6
D8 P C U A% A19 Al18 A17 Al6 Al5
D8 A5 A A3 A2 Al A0 chl ch0 Z
audio sample N D8 Al4 A13 Al12 All A10 A9 A8 A7 A6
D8 P C U A% A19 Al18 A17 Al6 Al5
check sum D8 Sum of D0-D8 of data ID through last audio sample word.

Table 6.8. Digital Audio Ancillary Data Packet Format.
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8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
gggt%’gata 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) DS EP 0 1 1 0 0 0 0 0
SDID D8 EP 0 1 1 0 0 0 0 0
data count (DC) DS EP 0 0 0 1 0 0 0 0
D8 EP units of frames DBB10 0 0 0
D8 EP user group 1 DBB11 0 0 0
D8 EP flag 2 flag 1 tens of frames DBB12 0 0 0
D8 EP user group 2 DBB13 0 0 0
D8 EP units of seconds DBB14 0 0 0
D8 EP user group 3 DBB15 0 0 0
D8 EP flag 3 tens of seconds DBB16 0 0 0
D8 EP user group 4 DBB17 0 0 0
timecode data —
D8 EP units of minutes DBB20 0 0 0
D8 EP user group 5 DBB21 0 0 0
D8 EP flag 4 tens of minutes DBB22 0 0 0
D8 EP user group 6 DBB23 0 0 0
D8 EP units of hours DBB24 0 0 0
D8 EP user group 7 DBB25 0 0 0
D8 EP flag 6 flag 5 tens of hours DBB26 0 0 0
D8 EP user group 8 DBB27 0 0 0
check sum D8 Sum of DO—IP?S of data ID thro.ugh las:t t_imecode data word.
reset to all zeros; carry is ignored.

Notes:
EP = even parity for DO-D7.

Table 6.9. Timecode Ancillary Data Packet Format.
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DBB17 | DBB16 | DBB15 | DBB14 | DBB13 | DBB12 | DBB11 | DBB10 Definition
0 0 0 0 0 0 0 0 LTC
0 0 0 0 0 0 0 1 Field 1 VITC
0 0 0 0 0 0 1 0 Field 2 VITC
0 0 0 0 0 0 1 1
user defined
0 0 0 0 0 1 1 1
0 0 0 0 1 0 0 0
locally generated time
address and user data
0 1 1 1 1 1 1 1
1 0 0 0 0 0 0 0
reserved
1 1 1 1 1 1 1 1

Table 6.10. Binary Bit Group 1 Definitions for 525-Line and 625-Line Systems.

Binary Bit Group 2
The eight bits that comprise binary bit group 2

(DBB20-DBB27) specify line numbering and
status information.

DBB20-DBB24 specify the VITC line
select as shown in Table 6.11. These convey
the VITC line number location.

If DBB25 is a “1,” when the timecode infor-
mation is converted into an analog VITC signal
on line N, it must also be repeated on line N +
2.

If DBB26 is a “1,” a timecode error was
received, and the transmitted timecode has
been interpolated from a previous timecode.

If DBB27 is a “0,” the user group bits are
processed to compensate for any latency. If a
“1,” the user bits are retransmitted with no
delay compensation.

User Group Bits

32 bits of user data may be transferred with
each timecode packet. User data is organized
as eight groups of four bits each, with the D7
bit being the MSB. For additional information
on user bits, see the timecode discussion in
Chapter 8.
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525-Line 625-Line
Interlaced Systems Interlaced Systems
DBB24 | DBB23 | DBB22 | DBB21 | DBB20
VITC on VITC on VITC on VITC on
Line N Line N + 2 Line N Line N + 2
0 0 1 1 0 - - 6, 319 8,321
0 0 1 1 1 - - 7,320 9, 322
0 1 0 0 0 - - 8,321 10, 323
0 1 0 0 1 - - 9,322 11, 324
0 1 0 1 0 10, 273 12, 275 10, 323 12, 325
0 1 0 1 1 11,274 13, 276 11, 324 13, 326
0 1 1 0 0 12.275 14, 277 12, 325 14, 327
0 1 1 0 1 13, 276 15, 278 13,326 15, 328
0 1 1 1 0 14, 277 16, 279 14, 327 16, 329
0 1 1 1 1 15, 278 17, 280 15, 328 17,330
1 0 0 0 0 16, 279 18, 281 16, 329 18, 331
1 0 0 0 1 17, 280 19, 282 17,330 19, 332
1 0 0 1 0 18, 281 20, 283 18, 331 20, 333
1 0 0 1 1 19, 282 - 19, 332 21,334
1 0 1 0 0 20, 283 - 20, 333 22,335
1 0 1 0 1 - - 21,334 -
1 0 1 1 0 - - 22,335 -

Table 6.11. VITC Line Select Definitions for 525-Line and 625-Line Systems.
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SMPTE 266M

SMPTE 266M also defines a digital vertical
interval timecode (DVITC) for 525line video
systems. It is an 8bit digital representation of
the analog VITC signal, transferred using the 8
MSBs. If the VITC is present, it is carried on
the Y data channel in the active portion of lines
14 and 277. The 90 bits of VITC information
are carried by 675 consecutive Y samples. A
10-bit value of 040y represents a “0;” a 10-bit
value of 300y represents a “1.” Unused Y sam-
ples have a value of 040y;.

EIA-608 Closed Captioning Format
SMPTE 334M defines the ancillary packet for-
mat for closed captioning, as shown in Table
6.12.

The field bit is a “0” for Field 2 and a “1” for
Field 1.

The offset value is a 5-bit unsigned integer
which represents the offset (in lines) of the
data insertion line, relative to line 9 or 272 for
5251ine systems and line 5 or 318 for 6251line
systems.

EIA-708 Closed Captioning Format
SMPTE 334M also defines the ancillary packet
format for digital closed captioning, as shown
in Table 6.13.

The payload is the EIA-708 caption distri-
bution packet (CDP), which has a variable
length.

Error Detection Checksum Format

ITU-R BT.1304 defines a checksum for error
detection. The ancillary packet format is
shown in Table 6.14.

For 13.5 MHz 525-line systems, the ancil-
lary packet occupies sample words 1689-1711
on lines 9 and 272. For 13.5 MHz 625line sys-
tems, the ancillary packet occupies sample
words 1701-1723 on lines 5 and 318. Note that

these locations are immediately prior to the
SAV code words.

Checksums

Two checksums are provided: one for a field of
active video data and one for a full field of data.
Each checksum is a 16-bit value calculated as
follows:

CRC =x16+x124 x4 x!

For the active CRC, the starting and end-
ing samples for 13.5 MHz 525-line systems are
sample word 0 on lines 21 and 284 (start) and
sample word 1439 on lines 262 and 525 (end).
The starting and ending samples for 13.5 MHz
625-line systems are sample word 0 on lines 24
and 336 (start) and sample word 1439 on lines
310 and 622 (end).

For the field CRC, the starting and ending
samples for 13.5 MHz 525line systems are
sample word 1444 on lines 12 and 275 (start)
and sample word 1439 on lines 8 and 271
(end). The starting and ending samples for
13.5 MHz 625line systems are sample word
1444 on lines 8 and 321 (start) and sample
word 1439 on lines 4 and 317 (end).

Error Flags
Error flags indicate the status of the previous

field.

edh (error detected here): A “1” indicates
that a transmission error was detected since
one or more ancillary packets did not match
its checksum.

eda (error detected already): A “1” indicates
a transmission error was detected at a prior
point in the data path. A device that receives
data with this flag set should forward the
data with the flag set and the edh flag reset
to “0” if no further errors are detected.
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8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) D8 EP 0 1 1 0 0 0 0 1
SDID D8 EP 0 0 0 0 0 0 1 0
data count (DC) D8 EP 0 0 0 0 0 0 1 1
line D8 EP field 0 0 offset
caption word O D8 EP D07 D06 D05 D04 D03 D02 D01 D00
caption word 1 D8 EP D17 D16 D15 D14 D13 D12 D11 D10
check sum D8 Sum of D0-DS8 of data ID t.hrough_ last caption word.
Preset to all zeros; carry is ignored.
Notes:

EP = even parity for DO-D7.

Table 6.12. EIA-608 Closed Captioning Ancillary Data Packet Format.

idh (internal error detected here): A “1” indi-
cates that an error unrelated to the transmis-

sion has been detected.

ida (internal error status): A “1” indicates
data was received from a device that does
not support this error detection method.

Video Index Format

If the video index (SMPTE RP-186) is present,
it is carried on the CbCr data channels in the
active portion of lines 14 and 277.

A total of 90 8&bit data words are trans-
ferred serially by D2 of the 720 CbCr samples
of the active portion of the lines. A 10-bit value
of 200y represents a “0;” a 10-bit value of 204y
represents a “1.” Unused CbCr samples have a
10-bit value of 200y.
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8-bit Data 10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) D8 EP 0 1 1 0 0 0 0 1
SDID D8 EP 0 0 0 0 0 0 0 1
data count (DC) D8 EP Value of 0000 0000 to 1111 1111
data word O D8 EP Value of 0000 0000 to 1111 1111
data word N D8 EP Value of 0000 0000 to 1111 1111
=5 Sum of D0-D8 of data ID through last data word.
check sum D8 A .
Preset to all zeros; carry is ignored.
Notes:

EP = even parity for DO-D7.

Table 6.13. EIA-708 Digital Closed Captioning Ancillary Data Packet Format.
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8-bit Data 10-bit Data

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

(MSB)
0 0 0 0 0 0 0 0 0 0
gg;i&%;iata 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) D8 EP 1 1 1 1 0 1 0 0
SDID D8 EP 0 0 0 0 0 0 0 0
data count (DC) D8 EP 0 0 0 1 0 0 0 0
D8 EP cred crcd crc3 crc2 crcl crc0 0 0
active CRC D8 EP crcll crcl0 crc9 crc8 crc? crc6 0 0
D8 EP \Y 0 crcld crcl4 crcl3 crcl2 0 0
D8 EP cred crcd cre3 crc2 crcl crc0 0 0
field CRC D8 EP crcll crcl0 crc9 crc8 crc? crc6 0 0
D8 EP \Y 0 crcld crcl4 crcl3 crcl2 0 0
ancillary flags D8 EP 0 ues ida idh eda edh 0 0
active flags D8 EP 0 ues ida idh eda edh 0 0
field flags D8 EP 0 ues ida idh eda edh 0 0
1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
reserved 1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0
check sum D8 Sum of DI(J)_DS of data ID t}.lrough last reserved word.
reset to all zeros; carry is ignored.
Notes:

EP = even parity for DO-D7.

Table 6.14. Error Detection Ancillary Data Packet Format.
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Pin Signal Pin Signal
1 clock 14 clock-
2 system ground A 15 system ground B
3 D9 16 D9-
4 D8 17 D8-
5 D7 18 D7-
6 D6 19 D6-
7 D5 20 D5-
8 D4 21 D4-
9 D3 22 D3-

10 D2 23 D2-

11 D1 24 D1-

12 DO 25 DoO-

13 cable shield

Table 6.15. 25-Pin Parallel Interface Connector Pin
Assignments. For 8-bit interfaces, D9-D2 are used.

25-pin Parallel Interface

This interface is used to transfer SDTV resolu-
tion 4:2:2 YCbCr data. 8bit or 10-bit data and a
clock are transferred. The individual bits are
labeled D0O-D9, with D9 being the most signifi-
cant bit. The pin allocations for the signals are
shown in Table 6.15.

Y has a nominal 10-bit range of 040y—
3ACy. Values less than 040y or greater than
3ACy may be present due to processing. Dur-
ing blanking, Y data should have a value of
040g, unless other information is present.

Cb and Cr have a nominal 10-bit range of
040[-3C0ypy. Values less than 040y or greater
than 3C0Oy may be present due to processing.
During blanking, CbCr data should have a
value of 200y, unless other information is
present.

Signal levels are compatible with ECL-
compatible balanced drivers and receivers.

The generator must have a balanced output
with a maximum source impedance of 110 Q;
the signal must be 0.8-2.0V peak-to-peak mea-
sured across a 110-Q load. At the receiver, the
transmission line must be terminated by 110
+10Q.

27 MHz Parallel Interface

This BT.656 and SMPTE 125M interface is
used for interlaced SDTV systems with an
aspect ratio of 4:3. Y and multiplexed ChCr
information at a sample rate of 13.5 MHz are
multiplexed into a single 8bit or 10-bit data
stream, at a clock rate of 27 MHz.

The 27 MHz clock signal has a clock pulse
width of 18.5 +3 ns. The positive transition of
the clock signal occurs midway between data
transitions with a tolerance of 3 ns (as shown
in Figure 6.2).
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CLOCK J—\—

™ TC

DATA ><

W

TW = 185 + 3 NS
TC = 37 NS
TD = 18,5 + 3 NS

Figure 6.2. 25-Pin 27 MHz Parallel Interface Waveforms.

RELATIVE GAIN (DB)

20

0.1 1 10 100

FREQUENCY (MHZ)

Figure 6.3. Example Line Receiver Equalization
Characteristics for Small Signals.
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To permit reliable operation at intercon-
nect lengths of 50-200 meters, the receiver
must use frequency equalization, with typical
characteristics shown in Figure 6.3. This
example enables operation with a range of
cable lengths down to zero.

36 MHz Parallel Interface

This BT.1302 and SMPTE 267M interface is
used for interlaced SDTV systems with an
aspect ratio of 16:9. Y and multiplexed CbCr
information at a sample rate of 18 MHz are
multiplexed into a single 8bit or 10-bit data
stream, at a clock rate of 36 MHz.

The 36 MHz clock signal has a clock pulse
width of 13.9 +2 ns. The positive transition of
the clock signal occurs midway between data
transitions with a tolerance of +2 ns (as shown
in Figure 6.4.

To permit reliable operation at intercon-
nect lengths of 40-160 meters, the receiver
must use frequency equalization, with typical
characteristics shown in Figure 6.3.

CLOCK 4/—\—

93-pin Parallel Interface

This interface is used to transfer 16:9 HDTV
resolution R'G'B’ data, 4:2:2 YCbCr data, or
4:2:2:4 YCbCrK data. The pin allocations for
the signals are shown in Table 6.16. The most
significant bits are R9, G9, and B9.

When transferring 4:2:2 YCbCr data, the
green channel carries Y information and the
red channel carries multiplexed CbCr informa-
tion.

When transferring 4:2:2:4 YCbCrK data,
the green channel carries Y information, the
red channel carries multiplexed CbCr informa-
tion, and the blue channel carries K (alpha key-
ing) information.

Y has a nominal 10-bit range of 040y~
3ACy. Values less than 040y or greater than
3ACy; may be present due to processing. Dur-
ing blanking, Y data should have a value of
040g, unless other information is present.

Cb and Cr have a nominal 10-bit range of
040;-3C0p. Values less than 040y or greater

W

™ TC
'— .
DATA ><

TW = 139 = 2 NS
TC = 27.8 NS
TD = 139 + 2 NS

Figure 6.4. 25-Pin 36 MHz Parallel Interface Waveforms.
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Pin Signal Pin Signal Pin Signal Pin Signal
1 clock 26 GND 51 B2 76 GND
2 G9 27 GND 52 B1 77 GND
3 G8 28 GND 53 BO 78 GND
4 G7 29 GND 54 R9 79 B4-
5 G6 30 GND 55 R8 80 B3-
6 G5 31 GND 56 R7 81 B2-
7 G4 32 GND 57 R6 82 B1-
8 G3 33 clock- 58 R5 83 BO-
9 G2 34 G9- 59 R4 84 R9-
10 Gl 35 G8- 60 R3 85 R8-
11 GO 36 G7- 61 R2 86 R7-
12 B9 37 G6- 62 R1 87 R6-
13 B8 38 G5~ 63 RO 88 R5-
14 B7 39 G4- 64 GND 89 R4-
15 B6 40 G3- 65 GND 20 R3-
16 B5 41 G2- 66 GND 91 R2-
17 GND 42 Gl- 67 GND 92 R1-
18 GND 43 GO~ 68 GND 93 RO-
19 GND 44 B9- 69 GND

20 GND 45 B8- 70 GND

21 GND 46 B7- 71 GND

22 GND 47 B6- 72 GND

23 GND 48 B5- 73 GND

24 GND 49 B4 74 GND

25 GND 50 B3 75 GND

Table 6.16. 93-Pin Parallel Interface Connector Pin
Assignments. For 8-bit interfaces, bits 9-2 are used.
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cLoCcK J—\—

'L
DATA

TW = 6.73 + 1.48 NS
TC = 13.47 NS
TD = 6.73 + 1 NS

Figure 6.5. 93-Pin 74.25 MHz Parallel Interface Waveforms.

than 3COy may be present due to processing.
During blanking, CbCr data should have a
value of 200y, unless other information is
present.

R'G'B’ and K have a nominal 10-bit range
of 040g-3ACy. Values less than 040y or
greater than 3ACy may be present due to pro-
cessing. During blanking, R'G'B’ data should
have a value of 040y, unless other information
is present.

Signal levels are compatible with ECL-
compatible balanced drivers and receivers.
The generator must have a balanced output
with a maximum source impedance of 110 Q;
the signal must be 0.6-2.0V peak-to-peak mea-
sured across a 110-Q load. At the receiver, the
transmission line must be terminated by 110
+10Q.

74.25 MHz Parallel Interface
This ITU-R BT.1120 and SMPTE 274M inter-
face is primarily used for 16:9 HDTV systems.

The 74.25 MHz clock signal has a clock
pulse width of 6.73 +1.48 ns. The positive tran-
sition of the clock signal occurs midway
between data transitions with a tolerance of +1
ns (as shown in Figure 6.5).

To permit reliable operation at intercon-
nect lengths greater than 20 meters, the
receiver must use frequency equalization.

74.176 MHz Parallel Interface
This BT.1120 and SMPTE 274M interface is
primarily used for 16:9 HDTV systems.

The 74.176 MHz (74.25/1.001) clock signal
has a clock pulse width of 6.74 +1.48 ns. The
positive transition of the clock signal occurs
midway between data transitions with a toler-
ance of =1 ns (similar to Figure 6.5).

To permit reliable operation at intercon-
nect lengths greater than 20 meters, the
receiver must use frequency equalization.
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148.5 MHz Parallel Interface
This BT.1120 and SMPTE 274M interface is
used for 16:9 HDTV systems.

The 148.5 MHz clock signal has a clock
pulse width of 3.37 +£0.74 ns. The positive tran-
sition of the clock signal occurs midway
between data transitions with a tolerance of
+0.5 ns (similar to Figure 6.5).

To permit reliable operation at intercon-
nect lengths greater than 14 meters, the
receiver must use frequency equalization.

148.35 MHz Parallel Interface
This BT.1120 and SMPTE 274M interface is
used for 16:9 HDTV systems.

The 148.35 MHz (148.5/1.001) clock signal
has a clock pulse width of 3.37 £0.74 ns. The
positive transition of the clock signal occurs
midway between data transitions with a toler-
ance of 0.5 ns (similar to Figure 6.5).

To permit reliable operation at intercon-
nect lengths greater than 14 meters, the
receiver must use frequency equalization.

Serial Interface

The parallel formats can be converted to a
serial format (Figure 6.6), allowing data to be
transmitted using a 75-Q coaxial cable (or opti-
cal fiber). Equipment inputs and outputs both
use BNC connectors so that interconnect
cables can be used in either direction.

For cable interconnect, the generator has
an unbalanced output with a source impedance
of 75Q; the signal must be 0.8V +10% peak-to-
peak measured across a 75Q load. The
receiver has an input impedance of 75Q .

In an &bit environment, before serializa-
tion, the 00y and FFy; codes during EAV and
SAV are expanded to 10-bit values of 000y and

3FFy, respectively. All other 8bit data is
appended with two least significant “0” bits
before serialization.

The 10 bits of data are serialized (LSB
first) and processed using a scrambled and
polarity-free NRZI algorithm:

G®=+xt+ D) x+1)

The input signal to the scrambler (Figure
6.7) uses positive logic (the highest voltage
represents a logical one; lowest voltage repre-
sents a logical zero).

The formatted serial data is output at the
10x sample clock rate. Since the parallel clock
may contain large amounts of jitter, deriving
the 10x sample clock directly from an unfil-
tered parallel clock may result in excessive sig-
nal jitter.

At the receiver, phase-lock synchronization
is done by detecting the EAV and SAV
sequences. The PLL is continuously adjusted
slightly each scan line to ensure that these pat-
terns are detected and to avoid bit slippage.
The recovered 10x sample clock is divided by
ten to generate the sample clock, although
care must be taken not to mask word-related
jitter components. The serial data is low- and
high-frequency equalized, inverse scrambling
performed (Figure 6.8), and deserialized.

270 Mbps Serial Interface

This BT.656 and SMPTE 259M interface (also
called SDI) converts a 27 MHz parallel stream
into a 270 Mbps serial stream. The 10x PLL
generates a 270 MHz clock from the 27 MHz
clock signal. This interface is primarily used
for 4:3 interlaced SDTV systems.
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75-OHM
COAX
PARALLEL 10 SHIET SHIFT 10 PARALLEL
422 —F—= —| SCRAMBLER € '? [@); DESCRAMBLER 4:2:2
REGISTER
VIDEO = REGISTER VIDEO
SAMPLE
CLOCK
SAV, EAV
DETECT
10X SERIAL
PLL CLOCK
DIVIDE SAMPLE
PLL BY 10 CLOCK
Figure 6.6. Serial Interface Block Diagram.
SERIAL ENCODED
DATA DATA
N D QD QD Qr~{D QfF~D Q D Q—~(D QD Qp~|D Q + D Q ouT
(NR2) (NRZI)
N\
G(X) = X9 + X4+ 1 G(X) = X + 1
Figure 6.7. Typical Scrambler Circuit.
ENCODED SERIAL
DATA - DATA
N D Q + D Q~D Qr~D QD QD Q D Q~D Qr~D QD Qf— ouT
(NRZI) (NR2)
N
Figure 6.8. Typical Descrambler Circuit.
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360 Mbps Serial Interface

This BT.1302 interface converts a 36 MHz par-
allel stream into a 360 Mbps serial stream. The
10x PLL generates a 360 MHz clock from the
36 MHz clock signal. This interface is prima-
rily used for 16:9 interlaced SDTV systems.

540 Mbps Serial Interface

This SMPTE 344M interface converts a 54
MHz parallel stream, or two 27 MHz parallel
streams, into a 540 Mbps serial stream. The
10x PLL generates a 540 MHz clock from the
54 MHz clock signal. This interface is prima-
rily used for 4:3 progressive SDTV systems.

1.485 Gbps Serial Interface
This BT.1120 and SMPTE 292M interface mul-
tiplexes two 74.25 MHz parallel streams (Y and
CbCr) into a single 1.485 Gbps serial stream. A
20x PLL generates a 1.485 GHz clock from the
74.25 MHz clock signal. This interface is used
for 16:9 HDTV systems.

Before multiplexing the two parallel
streams together, line number and CRC infor-

mation (Table 6.17) is added to each stream
after each EAV sequence. The CRC is used to
detect errors in the active video and EAV. It
consists of two words generated by the polyno-
mial:

CRC=x¥+x°+xt+1

The initial value is set to zero. The calculation
starts with the first active line word and ends at
the last word of the line number (LN1).

1.4835 Gbps Serial Interface
This BT.1120 and SMPTE 292M interface mul-
tiplexes two 74.176 (74.25/1.001) MHz parallel
streams (Y and CbCr) into a single 1.4835
(1.485/1.001) Gbps serial stream. A 20x PLL
generates a 1.4835 GHz clock from the 74.176
MHz clock signal. This interface is used for
16:9 HDTV systems.

Line number and CRC information is
added as described for the 1.485 Gbps serial
interface.

(IVII) : B) D8 D7 D6 D5 D4 D3 D2 D1 DO
LNO D8 L6 L5 14 L3 L2 L1 Lo 0 0
LN1 DS 0 0 0 L10 L9 L8 L7 0 0
CRCO D8 crc8 crc? crcb cred crcd crc3 crc2 crcl crc0
CRC1 DS crcl? crcl6 crcld crcl4 crcl3 crcl2 crcll crcl0 crc9

Table 6.17. Line Number and CRC Data.
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SDTV—Interlaced

Supported active resolutions, with their corre-
sponding aspect ratios and frame refresh rates,
are:

720x 480 43 29.97 Hz
720x 576 4:3 25.00 Hz
960x 480 169  29.97 Hz
960x576 1619  25.00 Hz

4:2:2 YCbCr Parallel Interface

The ITU-R BT.656 and BT.1302 parallel inter-
faces were developed to transfer BT.601 4:2:2
YCbCr digital video between equipment.
SMPTE 125M and 267M further clarify the
operation for 525line systems.

Figure 6.9 illustrates the timing for one
scan line for the 4:3 aspect ratio, using a 27
MHz sample clock. Figure 6.10 shows the tim-
ing for one scan line for the 16:9 aspect ratio,
using a 36 MHz sample clock. The 25-pin paral-
lel interface is used.

4:2:2 YCbCr Serial Interface

BT.656 and BT.1302 also define a YCbCr serial
interface. The 10-bit 4:2:2 YCbCr parallel
streams shown in Figure 6.9 or 6.10 are serial-
ized using the 270 or 360 Mbps serial interface.

4:4:4:4 YCbCrK Parallel Interface

The ITU-R BT.799 and BT.1303 parallel inter-
faces were developed to transfer BT.601 4:4:4:4
YCbCrK digital video between equipment. K is
an alpha keying signal, used to mix two video
sources, discussed in Chapter 7. SMPTE RP-
175 further clarifies the operation for 525-line
systems.

Multiplexing Structure
Two transmission links are used. Link A con-

tains all the Y samples plus those Cb and Cr
samples located at even-numbered sample
points. Link B contains samples from the key-
ing channel and the Cb and Cr samples from
the odd-numbered sampled points. Although it
may be common to refer to Link A as 4:2:2 and
Link B as 2:2:4, Link A is not a true 4:2:2 signal
since the CbCr data was sampled at 13.5 MHz,
rather than 6.75 MHz.

Figure 6.11 shows the contents of links A
and B when transmitting 4:4:4:4 YCbCrK video
data. Figure 6.12 illustrates the contents when
transmitting R'G'B’K video data. If the keying
signal (K) is not present, the K sample values
should have a 10-bit value of 3ACy.

Figure 6.13 illustrates the YCbCrK timing
for one scan line for the 4:3 aspect ratio, using
a 27 MHz sample clock. Figure 6.14 shows the
YCbCrK timing for one scan line for the 16:9
aspect ratio, using a 36 MHz sample clock.
Two 25-pin parallel interfaces are used.

4:4:4:4 YCbCrK Serial Interface

BT.799 and BT.1303 also define a YCbCr serial
interface. The two 10-bit 4:2:2 YCbCr parallel
streams shown in Figure 6.13 or 6.14 are serial-
ized using two 270 or 360 Mbps serial inter-
faces. SMPTE RP-175 further clarifies the
operation for 525-line systems.

RGBK Parallel Interface

BT.799 and BT.1303 also support transferring
BT.601 R'G'B’K digital video between equip-
ment. For additional information, see the
4:4:4:4 YCbCrK parallel interface. SMPTE RP-
175 further clarifies the operation for 525-line
systems. The G" samples are sent in the Y loca-
tions, the R" samples are sent in the Cr loca-
tions, and the B’ samples are sent in the Ch
locations.
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J BT.601 H SIGNAL
START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
alolo[x]2of2]o 2loflsflololx)cly|[cly|lc|Y|[c|Y c | vy |3 BT.656
FlolofY]lo|a|lo]|a ola|lFlolo|Y|E|o|R|1]|B]|2|R|S R | 719 | F 400
Flo z]o|lo|ofo ololFlo|o|z]o 0 2 2 718 F 2
" " VIDEO
4 268 (280) 4 1440
1716 (1728)

Figure 6.9. BT.656 and SMPTE 125M Parallel Interface Data For One Scan Line. 525-

line; 4:2:2 YCbhCr; 720 active samples per line; 27 MHz clock; 10-bit system. The
values for 625-line systems are shown in parentheses.

|

START OF DIGITAL LINE

BT.601 H SIGNAL

START OF DIGITAL ACTIVE LINE

NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
3lolofx]2lof2]o 2lolsfoflofx]c|ly|lcly|c|Y[c]|Y c | v |s BT.1302
Flolo|Y]of[4|o]4 ol alFloflo|Y]lB|Oo|R|[1|B|2|R|3 R [os9 | F 422
Flojo|z]ofo|lo]|o ololFloflo|z]o 0 2 2 958 F
" " VIDEO
4 360 (376) 4 1920

2288 (2304)

Figure 6.10. BT.1302 and SMPTE 267M Parallel Interface Data For One Scan Line.

525-line; 4:2:2 YChCr; 960 active samples per line; 36 MHz clock; 10-bit system. The
values for 625-line systems are shown in parentheses.
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SAMPLE NUMBER SAMPLE NUMBER
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Y Y Y Y Y Y Y Y G G G G G G G G
LINK A CB CB CB CB CB CB CB CB LINK A B B B B B B B B
CR CR CR CR CR CR CR CR R R R R R R R R
LINK B K K K K K K K K LINK B K K K K K K K K
Figure 6.11. Link Content Representation for Figure 6.12. Link Content Representation
YCbCrK Video Signals. for R°"G'B K Video Signals.

J BT.601 H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
0 X 0 0 clyl|clyYy|Ccl]Y|[C|Y C Y 3 4:2:2
Flojlo|Y]Jo|4|o0]4 ol 4lF|lo|oflY]B|O|R|1|[B|2|R|3 R | 719 | F STREAM
Flo0O|]O0O|]ZJO|]O]|]O]|O O|OJF|O|]O| Z}O 0 2 2 718 F
I I (LINK A)
4 268 (280) 4 1440
1716 (1728)
EAV CODE BLANKING SAV CODE
310]|0 210 2|0 210 O O0| XJC|K|C|[K[C|K|C|K C K 3 4:2:2
FlojofY]Jo|4|o0]4 o4l Flo|loflY]B|O|R|1T|[B|2|R|3 R [ 719 | F STREAM
F|l 0] O o|jo0| 0] O 0|0 0| 0| Z 3 3 719 F
m n (LINK B)

Figure 6.13. BT.799 and SMPTE RP-175 Parallel Interface Data For One Scan Line. 525-line;
4:4:4:4 YCbCrK; 720 active samples per line; 27 MHz clock; 10-bit system. The values for 625-line
systems are shown in parentheses.
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J BT.601 H SIGNAL
START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
3|0 0 2 0 0 ol XJc|ly|Cc|lY|C|Y|C|Y C Y 3 4:2:2
Flo|lo|Y|Jo|4]o] 4 ol 4] F|loflo|Y]|B|O|R|1|B|2|R]|S3 R | 959 | F STREAM
F 0 0 z 0 0 0 0 0 0 0 0 z 0 0 2 2 958 F
(LINK A)
4 360 (376) 4 1920
2288 (2304)
EAV CODE BLANKING SAV CODE
3 0 0 2 0 2 0 2 0 3 0 0 X] C K| C K| C K| C K C K 3 4:2:2
Flolo|lY|o|4|ofa4 o| 4] F|lo|o|Y]B|Oo|R|1|[B|2|R|S3 R |99 | F STREAM
F 0 0 0 0 0 0 0 0 F 0 0 z 1 1 3 3 959 F
n | (LINK B)

Figure 6.14. BT.1303 Parallel Interface Data For One Scan Line. 525-line; 4:4:4:4 YChCrK; 960
active samples per line; 36 MHz clock; 10-bit system. The values for 625-line systems are shown

in parentheses.

RGBK Serial Interface

BT.799 and BT.1303 also define a RG'B'’K
serial interface. The two 10-bit R'G'B’K paral-
lel streams are serialized using two 270 or 360
Mbps serial interfaces.

SDTV—Progressive

Supported active resolutions, with their corre-
sponding aspect ratios and frame refresh rates,
are:

720 % 480
720 x 576

4:3
4:3

09.94 Hz
50.00 Hz

4:2:2 YCbCr Serial Interface

ITU-R BT.1362 defines two 10-bit 4:2:2 YCbCr
data streams (Figure 6.15), using a 27 MHz
sample clock. SMPTE 294M further clarifies
the operation for 525-line systems.

What stream is used for which scan line is
shown in Table 6.18. The two 10-bit parallel
streams shown in Figure 6.15 are serialized
using two 270 Mbps serial interfaces.
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J BT.1358, SMPTE 293M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE CO-SITED CO-SITED
3 X o] 3 0 clylc|ly|lclY|c|Y c vy |3 BT.666 4:2:2
Flo|lo|lYlo|4|o]4 ol 4l Flo|lo|Y]B|o|R|[1]|B|2]|R|S3 R | 719 | F STREAM
Flo|lolz)o|o|lo]|o ool Flofo]|z]o 0 2 2 718 F
0 ' (LINK A)
4 268 (280) 4 1440
1716 (1728)
EAV CODE BLANKING SAV CODE
0 clylc|ly|lclY|c|Y c Yy |3 BT.656 4:2:2
Flo|lo|lYJo|4|o]4 ol 4l Floflo|Y]B|o|R|[1]|B|2]R|S3 R | 719 | F STREAM
Flo]|o ofof|ofo ololF|lofo 0 0 2 2 718
m L (LINK B)

Figure 6.15. BT.1362 and SMPTE 294M Parallel Data For Two Scan Lines. 525-line; 4:2:2 YCbCr;

720 active samples per line; 27 MHz clock; 10-bit system. The values for 625-line systems are
shown in parentheses.

525-Line System 625-Line System

Link Link Link Link Link Link Link Link
A B A B A B A B
7 8 6 7 1 2 4 5
9 10 : : 3 4 6 7

522 523 : : 8 9

523 524 524 525 621 622

525 1 1 2 623 624 620 621
2 3 3 4 625 1 622 623
4 5 5 6 2 3 624 625

Table 6.18. BT.1362 and SMPTE 294M Scan Line Numbering
and Link Assignment.
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HDTV—Interlaced

Supported active resolutions, with their corre-
sponding aspect ratios and frame refresh rates,
are:

1920 x 1080 16:9  25.00 Hz
1920 x 1080 16:9  29.97 Hz
1920 x 1080 16:9  30.00 Hz

4:2:2 YCbCr Parallel Interface

The ITU-R BT.1120 parallel interface was
developed to transfer interlaced HDTV 4:2:2
YCbCr digital video between equipment.
SMPTE 274M further clarifies the operation
for 29.97 and 30 Hz systems.

Figure 6.16 illustrates the timing for one
scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 74.25 MHz (25 or 30 Hz
refresh) or 74.176 MHz (29.97 Hz refresh).

4:2:2 YCbCr Serial Interface

BT:1120 also defines a YCbhCr serial interface.

SMPTE 292M further clarifies the operation
for 29.97 and 30 Hz systems. The two 10-bit
4:2:2 YCbCr parallel streams shown in Figure
6.16 are multiplexed together, then serialized
using a 1.485 or 1.4835 Gbps serial interface.

4:2:2:4 YCbCrK Parallel Interface

BT.1120 also supports transferring HDTV

4:2:2:4 YCbCrK digital video between equip-
ment. SMPTE 274M further clarifies the oper-
ation for 29.97 and 30 Hz systems.

Figure 6.17 illustrates the timing for one

scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a

sample clock rate of 74.25 MHz (25 or 30 Hz
refresh) or 74.176 MHz (29.97 Hz refresh).

|

START OF DIGITAL LINE

EAV CODE BLANKING SAV CODE

BT.709, SMPTE 274M H SIGNAL

START OF DIGITAL ACTIVE LINE NEXT LINE

Mmoo
N <X

3
E
F

N <X

ohroO

ohroO

0| 0 4 0| 0
[ ) 0 (O )

—-=<
w=<
F
o<
~N =<

Y
CHANNEL

Y Y
1918 | 1919

mTw

272 (712) 4

1920

2200 (2640)

EAV CODE BLANKING SAV CODE

0| 0 0| 0
0| 0 0| 0

MMw
N <X
ocomn
ocon

21 2
0f o0
0|0

ocon
con

3
E
E

N=< X

CBCR

[=1v:Ie]
omo
[Nlvie)
MO
~TO
~TO
owo
o0
e

1918 | 1918 CHANNEL

Figure 6.16. BT.1120 and SMPTE 274M

Parallel Interface Data For One Scan Line.

1125-line; 29.97-, 30-, 59.94-, and 60-Hz systems; 4:2:2 YChCr; 1920 active samples
per line; 74.176, 74.25, 148.35, or 148.5 MHz clock; 10-bit system. The values for 25-
and 50-Hz systems are shown in parentheses.
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J BT.709, SMPTE 274M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE
alofo olof[ofo olofls]ofo vylvyly[y[|y[yY[]Y]Y y | v |3 v
F 0 0 Y 4 4 4 4 4 4 F 0 0 Y 0 1 2 3 4 5 6 7 1918 | 1919 F
F 0 0 0 0 0 F F CHANNEL
4 272 (712) 4 1920
2200 (2640)
EAV CODE BLANKING SAV CODE
2222 2| 2 clelcleclecleclclce] ™ c | c|s CBCR
FloloflY]o|o|lo]|o ololFlo|lo|Y|B|R|B|R|B|R|B|R B | R |F
z z 0 0 2 2 4 4 6 6 1918 | 1918 F CHANNEL
EAV CODE BLANKING SAV CODE
0 olof[ofo 0 0 x| k| k[ k|| k|| kK K | k [3 K
F 0 0 Y 4 4 4 4 4 4 F 0 0 Y 0 1 2 3 4 5 6 7 1918 | 1919 F
Flo|o oloflofo ololFlo]| o]z F CHANNEL

Figure 6.17. BT.1120 and SMPTE 274M Parallel Interface Data For One Scan Line.
1125-line; 29.97-, 30-, 59.94-, and 60-Hz systems; 4:2:2:4 YCbCrK; 1920 active
samples per line; 74.176, 74.25, 148.35, or 148.5 MHz clock; 10-bit system. The
values for 25- and 50-Hz systems are shown in parentheses.
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RGB Parallel Interface

BT.1120 also supports transferring HDTV
R'G'B’ digital video between equipment.
SMPTE 274M further clarifies the operation
for 29.97 and 30 Hz systems.

Figure 6.18 illustrates the timing for one
scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 74.25 MHz (25 or 30 Hz

refresh) or 74.176 MHz (29.97 Hz refresh).

BT.709, SMPTE 274M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE
3|l o] o oo o 0 3lolo|lx]a|ac|a|a|a|ac|a|a G G |3 GREEN
Flo|o|Y]a|a|a]|a 4l alFlo|lo|YJo|1|2|3|4a|5]|6]7 1918 | 1919 | F
Flo]| o olo|ofo olo]JF|lo|lofz F CHANNEL
4 272 (712) 4 1920
2200 (2640)
EAV CODE BLANKING SAV CODE
3|l o] o olo|ofo oflofls|o|lolx]Rr|R|R|R|[R|R|[R|R R R |s RED
Flo|lo|Y]a|a]a]|a alalFlolo|Y|o|1|2]|3]|4]|5]|6]|7 1918 | 1919 | F
F o|lo]o ol o] F z F CHANNEL
EAV CODE BLANKING SAV CODE
0 0 0 BlB|B|[B|[B|B|B|B B B |3 BLUE
Flo|o|Y]a|a|a]|a 4l alFlo|lo|YJo|1]|2|3|4a|5]|6]7 1918 | 1919 | F
0 0 0 F CHANNEL
" i

Figure 6.18. BT.1120 and SMPTE 274M Parallel Interface Data For One Scan Line.
1125-line; 29.97-, 30-, 59.94-, and 60-Hz systems; R"G"B"; 1920 active samples per
line; 74.176, 74.25, 148.35, or 148.5 MHz clock; 10-bit system. The values for 25-
and 50-Hz systems are shown in parentheses.
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HDTV—Progressive

Supported active resolutions, with their corre-
sponding aspect ratios and frame refresh rates,
are:

1280 x 720 169  23.98 Hz
1280 x 720 169  24.00 Hz
1280x 720 16:9  25.00 Hz
1280x 720 169  29.97 Hz
1280x 720 16:9  30.00 Hz
1280 x 720 16:9  50.00 Hz
1280x 720 1619  59.94 Hz
1280 x 720 169  60.00 Hz
1920 x 1080 16:9  23.98 Hz
1920 x 1080 16:9  24.00 Hz
1920 x 1080 16:9  25.00 Hz
1920 x 1080 16:9  29.97 Hz
1920 x 1080 16:9  30.00 Hz
1920 x 1080 16:9  50.00 Hz
1920 1080 16:9  59.94 Hz
1920 x 1080 16:9  60.00 Hz

4:2:2 YCbCr Parallel Interface

The ITU-R BT.1120 and SMPTE 274M parallel
interfaces were developed to transfer progres-
sive HDTV 4:2:2 YCbCr digital video between
equipment.

Figure 6.16 illustrates the timing for one
scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 148.5 MHz (24, 25, 30, 50
or 60 Hz refresh) or 148.35 MHz (23.98, 29.97
or 59.94 Hz refresh).

Figure 6.19 illustrates the timing for one
scan line for the 1280 x 720 active resolutions.
The 93-pin parallel interface is used with a

sample clock rate of 74.25 MHz (24, 25, 30, 50
or 60 Hz refresh) or 74.176 MHz (23.98, 29.97,
or 59.94 Hz refresh).

4:2:2:4 YCbCrK Parallel Interface
BT.1120 and SMPTE 274M also support trans-
ferring HDTV 4:2:2:4 YCbCrK digital video
between equipment.

Figure 6.17 illustrates the timing for one
scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 148.5 MHz (24, 25, 30, 50
or 60 Hz refresh) or 148.35 MHz (23.98, 29.97
or 59.94 Hz refresh).

Figure 6.20 illustrates the timing for one
scan line for the 1280 x 720 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 74.25 MHz (24, 25, 30, 50
or 60 Hz refresh) or 74.176 MHz (23.98, 29.97
or 59.94 Hz refresh).

RGB Parallel Interface

BT.1120 and SMPTE 274M also support trans-
ferring HDTV R'G'B’ digital video between
equipment.

Figure 6.18 illustrates the timing for one
scan line for the 1920 x 1080 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 148.5 MHz (24, 25, 30, 50
or 60 Hz refresh) or 148.35 MHz (23.98, 29.97
or 59.94 Hz refresh).

Figure 6.21 illustrates the timing for one
scan line for the 1280 x 720 active resolutions.
The 93-pin parallel interface is used with a
sample clock rate of 74.25 MHz (24, 25, 30, 50
or 60 Hz refresh) or 74.176 MHz (23.98, 29.97
or 59.94 Hz refresh).
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|

SMPTE 296M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE
3|lo]o olof|ofo olols|lofofxlyY|Y|]Y|[Y|[Y[Y[Y]Y Y y |3 v
Flo|lo|Y]4|4a]4a]|a 4l a4l Flolo|Y|o|1|2|3|4|5]|6]|7 1278 | 1279 | F
Flo|lof|z]o of| o olo]F|o z F CHANNEL
" i
4 362 (692) 1280
1650 (1980)
EAV CODE BLANKING SAV CODE
x|a2f2f2]2 2l 2]3flofo|x]c|c|lc|c|c|c|c]|c c c |3 CBCR
Flo|lo|lYJo[o|o]o olo]JF|lo|lo|Y]|B|R|B|R|B|R|[B|R B R |F
z of| o olo]JF|loflo|z]o|o|2|2|4|4|6]|6s6 1278 | 1278 | F CHANNEL

Figure 6.19. SMPTE 274M Parallel Interface Data For One Scan Line. 750-line; 59.94-
and 60-Hz systems; 4:2:2 YChCr; 1280 active samples per line; 74.176 or 74.25 MHz
clock; 10-bit system. The values for 50-Hz systems are shown in parentheses.

SMPTE 296M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE
3 o[o] o " ol ol aloflol x|y [vy|Y[Y[Y|[Y[Y]Y] " Y vy |3 v
Flolo|Y]alalala 2| a)Floflo|Ylo|1]|2]|3|4|s]6]|7 1278 | 1279 | F
Flolo|lz]o|lo|lofo olo]Flo|lo]z F CHANNEL
4 362 (692) 1280
1650 (1980)
EAV CODE BLANKING SAV CODE
0 X 2| 2 2l2]3lololx]clclclc|lclc|lc|c c | c |3 CBCR
Flolo|lY]o|lo|lofo olo]Flolo|lY|lB|R|B|R|B|R|B|R B | rR |F
Flolo|lz]o|lo|lofo olo|lFlo|lo|lz]o|lo|2|2|4|4|6]6s6 1278 | 1278 | F CHANNEL
| L
EAV CODE BLANKING SAV CODE
x| o oo ol oflalolol x| k|| k|«|[k|k|k|k]| " K K |3 K
Flolo|Y]alalala sl a)Floflo|Ylo|1|2]|3|4|5]6]|7 1278 | 1279 | F
z| o ol o olo]Flo|lo]z F CHANNEL

Figure 6.20. SMPTE 274M Parallel Interface Data For One Scan Line. 750-line; 59.94-
and 60-Hz systems; 4:2:2:4 YChCrK; 1280 active samples per line; 74.176 or 74.25
MHz clock; 10-bit system. The values for 50-Hz systems are shown in parentheses.
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J SMPTE 296M H SIGNAL

START OF DIGITAL LINE START OF DIGITAL ACTIVE LINE NEXT LINE
EAV CODE BLANKING SAV CODE
0 0 0 clala|c|a|a|a|a G | g |3 GREEN
Flolo|Y]alalala s a)Flolo|Ylo|1|2]|3|a|s]6]|7 1278 | 1279 | F
z| o 0 0 z SHANNEL
4 362 (692) 4 1280
1650 (1980)
EAV CODE BLANKING SAV CODE
3 olofloflo| ol of 3 x| rlrR[R|R|[R|R|R[R] R R |3 RED
Flo|o|Y]al|alalsa alalFlolo|Ylol1]|2]|3|4]|5]6]|7 1278 | 1279 | F
Flolo|lz]o|lo|lofo ololFlo]|o]z F CHANNEL
EAV CODE BLANKING SAV CODE
ol o olof[ofo ol o o| o B|B|B|B|B|B|B|B B | B |3 BLUE
Flolo|Y]alalala sl a)lFlolo|Ylo|1|2]|3|4|s5]6]|7 1278 | 1279 | F
0 oloflofo 0| o 0 F CHANNEL
" |

Figure 6.21. SMPTE 274M Parallel Interface Data For One Scan Line. 750-line; 59.94-
and 60-Hz systems; R"G"B”; 1280 active samples per line; 74.176 or 74.25 MHz clock;
10-bit system. The values for 50-Hz systems are shown in parentheses.
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Pro-Video Composite
Interfaces

Digital composite video is essentially a digital
version of a composite analog (M) NTSC or (B,
D, G, H, I) PAL video signal. The sample clock
rate is four times Fgc: about 14.32 MHz for
(M) NTSC and about 17.73 MHz for (B, D, G,
H,I) PAL.

Usually, both 8bit and 10-bit interfaces are
supported, with the 10-bit interface used to
transmit 2 bits of fractional video data to mini-
mize cumulative processing errors and to sup-
port 10-bit ancillary data.

Table 6.19 lists the digital composite levels.
Video data may not use the 10-bit values of
000g—003g and 3FCy—-3FFy, or the 8bit values
of 00y and FFy, since they are used for timing
information.

NTSC Video Timing

There are 910 total samples per scan line, as
shown in Figure 6.22. Horizontal count O corre-
sponds to the start of active video, and a hori-
zontal count of 768 corresponds to the start of
horizontal blanking.

Sampling is along the +I and +Q axes (33°,
123°, 213°, and 303°). The sampling phase at
horizontal count 0 of line 7, Field 1 is on the +I
axis (123°).

The sync edge values, and the horizontal
counts at which they occur, are defined as
shown in Figure 6.23 and Tables 6.20-6.22. &
bit values for one color burst cycle are 45, 83,
75, and 37. The burst envelope starts at hori-
zontal count 857, and lasts for 43 clock cycles,
as shown in Table 6.20. Note that the peak
amplitudes of the burst are not sampled.

Video (M) (B, D, G, H, I)
Level NTSC PAL
peak chroma 972 (limitelé) " 1023)
white 800 844
peak burst 352 380
black 280 256
blank 240 256
peak burst 128 128
peak chroma 104 128
sync 16 4

Table 6.19. 10-Bit Video Levels for Digital Composite Video Signals.
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U

DIGITAL

BLANKING DIGITAL ACTIVE LINE
142 SAMPLES 768 SAMPLES
(768-909) (0-767)

TOTAL LINE

910 SAMPLES
(0-909)

Figure 6.22. Digital Composite (M) NTSC Analog and Digital Timing Relationship.

END OF END OF
ANALOG DIGITAL
LINE LINE

768 (60)
784 (41)

50%
785 (17)
'_

787 (4)

Figure 6.23. Digital Composite (M) NTSC Sync Timing. The horizontal counts with the
corresponding 8-bit sample values are in parentheses.
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8-bit 10-bit
Hex Value Hex Value
Sample
Fields 1, 3 Fields 2, 4 Fields 1, 3 Fields 2, 4
768-782 3C 3C 0F0 0F0
783 3A 3A 0E9 0E9
784 29 29 0A4 0A4
785 11 11 044 044
786 04 04 011 011
787-849 04 04 010 010
850 06 06 017 017
851 17 17 05C 05C
852 2F 2F 0BC 0BC
853 3C 3C OEF OEF
854-856 3C 3C 0F0 0F0
857 3C 3C 0F0 0F0
858 3D 3B 0F4 0EC
859 37 41 0DC 104
860 36 42 0D6 10A
861 4B 2D 12C 0B4
862 49 2F 123 0BD
863 25 53 096 14A
864 2D 4B 0B3 12D
865 53 25 14E 092
866 4B 2D 12D 0B3
867 25 53 092 14E
868 2D 4B 0B3 12D
869 53 25 14E 092
870 4B 2D 12D 0B3
871 25 53 092 14E
872 2D 4B 0B3 12D
873 53 25 14E 092

Table 6.20a. Digital Values During the Horizontal Blanking Intervals for Digital

Composite (M) NTSC Video Signals.
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8-bit 10-bit
Hex Value Hex Value
Sample
Fields 1, 3 Fields 2, 4 Fields 1, 3 Fields 2, 4
874 4B 2D 12D 0B3
875 25 53 092 14E
876 2D 4B 0B3 12D
877 53 25 14E 092
878 4B 2D 12D 0B3
879 25 53 092 14E
880 2D 4B 0B3 12D
881 53 25 14E 092
882 4B 2D 12D 0B3
883 25 53 092 14E
884 2D 4B 0B3 12D
885 53 25 14E 092
886 4B 2D 12D 0B3
887 25 53 092 14E
888 2D 4B 0B3 12D
889 53 25 14E 092
890 4B 2D 12D 0B3
891 25 53 092 14E
892 2D 4B 0B3 12D
893 53 25 14E 092
894 4A 2E 129 0B7
895 2A 4E 0A6 13A
896 33 45 0CD 113
897 44 34 112 0CE
898 3F 39 0FA 0E6
899 3B 3D 0EC 0F4
900-909 3C 3C 0F0 0F0

Table 6.20b. Digital Values During the Horizontal Blanking Intervals for Digital
Composite (M) NTSC Video Signals.
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Fields 1, 3 Fields 2, 4
Sample 8-bit 10-bit sample 8-bit 10-bit
Hex Value Hex Value Hex Value Hex Value
768-782 3C 0F0 313-327 3C 0F0
783 3A 0E9 328 3A 0E9
784 29 0A4 329 29 0A4
785 11 044 330 11 044
786 04 011 331 04 011
787-815 04 010 332-360 04 010
816 06 017 361 06 017
817 17 05C 362 17 05C
818 2F 0BC 363 2F 0BC
819 3C OEF 364 3C OEF
820-327 3C 0F0 365-782 3C 0F0
328 3A 0E9 783 3A 0E9
329 29 0A4 784 29 0A4
330 11 044 785 11 044
331 04 011 786 04 011
332-360 04 010 787-815 04 010
361 06 017 816 06 017
362 17 05C 817 17 05C
363 2F 0BC 818 2F 0BC
364 3C OEF 819 3C OEF
365-782 3C 0F0 820-327 3C 0F0

Table 6.21. Equalizing Pulse Values During the Vertical Blanking Intervals for Digital
Composite (M) NTSC Video Signals.
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Fields 1, 3 Fields 2, 4
Sample 8-bit 10-bit Sample 8-bit 10-bit
Hex Value Hex Value Hex Value Hex Value
782 3C 0F0 327 3C 0F0
783 3A 0E9 328 3A 0E9
784 29 0A4 329 29 0A4
785 11 044 330 11 044
786 04 011 331 04 011
787-260 04 010 332-715 04 010
261 06 017 716 06 017
262 17 05C 717 17 05C
263 2F 0BC 718 2F 0BC
264 3C OEF 719 3C OEF
265-327 3C 0F0 720-782 3C 0F0
328 3A 0E9 783 3A 0E9
329 29 0A4 784 29 0A4
330 11 044 785 11 044
331 04 011 786 04 011
332-715 04 010 787-260 04 010
716 06 017 261 06 017
717 17 05C 262 17 05C
718 2F 0BC 263 2F 0BC
719 3C OEF 264 3C OEF
720-782 3C 0F0 265-327 3C 0F0

Table 6.22. Serration Pulse Values During the Vertical Blanking Intervals for Digital
Composite (M) NTSC Video Signals.
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To maintain zero SCH phase, horizontal
count 784 occurs 25.6 ns (33° of the subcarrier
phase) before the 50% point of the falling edge
of horizontal sync, and horizontal count 785
occurs 44.2 ns (57° of the subcarrier phase)
after the 50% point of the falling edge of hori-
zontal sync.

PAL Video Timing

There are 1135 total samples per line, except
for lines 313 and 625 which have 1137 samples
per line, making a total of 709,379 samples per
frame. Figure 6.24 illustrates the typical line
timing. Horizontal count 0 corresponds to the
start of active video, and a horizontal count of
948 corresponds to the start of horizontal
blanking.

\J

DIGITAL
BLANKING

DIGITAL ACTIVE LINE

Sampling is along the +U and +V axes (0°,
90°, 180°, and 270°), with the sampling phase
at horizontal count 0 of line 1, Field 1 on the +V
axis (90°).

8-bit color burst values are 95, 64, 32, and
64, continuously repeated. The swinging burst
causes the peak burst (32 and 95) and zero
burst (64) samples to change places. The burst
envelope starts at horizontal count 1058, and
lasts for 40 clock cycles.

Sampling is not H-coherent as with (M)
NTSC, so the position of the sync pulses
change from line to line. Zero SCH phase is
defined when alternate burst samples have a
value of 64.

N

187 SAMPLES
(948-1134)

TOTAL LINE

948 SAMPLES
(0-947)

1135 SAMPLES
(0-1134)

Figure 6.24. Digital Composite (B, D, G, H, 1) PAL Analog and Digital Timing Relationship.
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Ancillary Data

Ancillary data packets are used to transmit
information (such as digital audio, closed cap-
tioning, and teletext data) during the blanking
intervals. ITU-R BT.1364 and SMPTE 291M
describe the ancillary data formats.

The ancillary data formats are the same as
for digital component video, discussed earlier
in this chapter. However, instead of a 3-word
preamble, a one-word ancillary data flag is
used, with a 10-bit value of 3FCy. There may
be multiple ancillary data flags following the
TRSID, with each flag identifying the begin-
ning of another ancillary packet.

Ancillary data may be present within the
following word number boundaries (see Fig-
ures 6.25 through 6.30).

END OF
ANALOG
LINE

N

768 782
784

END OF
DIGITAL
LINE

785

Figure 6.25.

787

NTSC  PAL

795-849 972-1035 horizontal sync period
795-815 972-994 equalizing pulse periods
340-360 404-426

795-260 972-302  vertical sync periods
340-715 404-869

User data may not use the 10-bit values of
0005-003¢; and 3FCy-3FFy, or the 8bit values
of 00y and FFy, since they are used for timing
information.

25-pin Parallel Interface

The SMPTE 244M parallel interface is based
on that used for 27 MHz 4:2:2 digital compo-
nent video (Table 6.15), except for the timing
differences. This interface is used to transfer

A
790-794  795-849

TRS-ID ANC DATA
(OPTIONAL)

(M) NTSC TRS-ID and Ancillary Data Locations During Horizontal Sync Intervals.
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50% 50%
b it
787 790-794  795-260 340-715
TRS-ID ANC DATA ANC DATA
(OPTIONAL) (OPTIONAL)

Figure 6.26. (M) NTSC TRS-ID and Ancillary Data Locations During Vertical Sync Intervals.

\ 50% / \ 0% /
A

787 790-794  795-815 340-360
TRS-ID ANC DATA ANC DATA
(OPTIONAL) (OPTIONAL)

Figure 6.27. (M) NTSC TRS-ID and Ancillary Data Locations During Equalizing Pulse Intervals.



136  Chapter 6: Digital Video Interfaces

END OF END OF
ANALOG DIGITAL
LINE LINE

TR S

962 967-971  972-1035

TRS-ID ANC DATA
(OPTIONAL)

Figure 6.28. (B, D, G, H, I) PAL TRS-ID and Ancillary Data Locations During Horizontal
Sync Intervals.

NS

967-971  972-302 404-869
TRS-ID ANC DATA ANC DATA
(OPTIONAL) (OPTIONAL)

Figure 6.29. (B, D, G, H, I) PAL TRS-ID and Ancillary Data Locations During Vertical Sync Intervals.
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_\\4 50% / \ 50%
-
962

967-971  972-994

TRS-ID ANC DATA
(OPTIONAL)

404-426

ANC DATA
(OPTIONAL)

Figure 6.30. (B, D, G, H, I) PAL TRS-ID and Ancillary Data Locations During Equalizing

Pulse Intervals.

SDTV resolution digital composite data. 8bit
or 10-bit data and a 4x Fsc clock are trans-
ferred.

Signal levels are compatible with ECL-
compatible balanced drivers and receivers.
The generator must have a balanced output
with a maximum source impedance of 110 Q;
the signal must be 0.8-2.0V peak-to-peak mea-
sured across a 110-Q load. At the receiver, the
transmission line must be terminated by 110
+10Q.

The clock signal is a 4x Fgc square wave,
with a clock pulse width of 35 +5 ns for (M)
NTSC or 28 5 ns for (B, D, G, H, I) PAL. The
positive transition of the clock signal occurs
midway between data transitions with a toler-
ance of £5 ns (as shown in Figure 6.31).

To permit reliable operation at intercon-
nect lengths of 50-200 meters, the receiver
must use frequency equalization, with typical
characteristics shown in Figure 6.3. This
example enables operation with a range of
cable lengths down to zero.

Serial Interface

The parallel format can be converted to a
SMPTE 259M serial format (Figure 6.32),
allowing data to be transmitted using a 75-Q
coaxial cable (or optical fiber). This interface
converts the 14.32 or 17.73 MHz parallel
stream into a 143 or 177 Mbps serial stream.
The 10x PLL generates the 143 or 177 MHz
clock from the 14.32 or 17.73 MHz clock sig-
nal.

For cable interconnect, the generator has
an unbalanced output with a source impedance
of 75Q; the signal must be 0.8V +10% peak-to-
peak measured across a 75Q load. The
receiver has an input impedance of 75Q .

The 10 bits of data are serialized (LSB
first) and processed using a scrambled and
polarity-free NRZI algorithm:

G® = +xt+ D) x+1)

This algorithm is the same as used for digital
component video discussed earlier. In an 8bit
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CLOCK J—\—

™
™D

DATA

TC

—

TW = 35 + 5 NS (M)NTSC; 28 + 5 NS (B,D, G, H, I) PAL

TC = 69.84 NS (M) NTSC; 56.39 NS (B, D, G, H, I) PAL

TD = 35 + 5 NS (M)NTSC; 28 + 5 NS (B, D, G, H, I) PAL

Figure 6.31. Digital Composite Video Parallel Interface Waveforms.

TRS
D
INSERTION
75-OHM
10-BIT 10 COAX 10 10-BIT
DIGITAL SHIFT SHIFT DIGITAL
- DESCRAMBLER -
COMPOSITE REGISTER SCRAMBLER nj_m sc REGISTER COMPOSITE
VIDEO = VIDEO
4X FSC
CLOCK
TRS-ID
DETECT
10X 40X FSC
PLL CLOCK
40X FSC DIVIDE
PLL

4X FSC

BY 10
Figure 6.32. Serial Interface Block Diagram.

CLOCK
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environment, 8bit data is appended with two
least significant “0” bits before serialization.

The input signal to the scrambler (Figure
6.7) uses positive logic (the highest voltage
represents a logical one; lowest voltage repre-
sents a logical zero). The formatted serial data
is output at the 40x Fg rate.

At the receiver, phase-lock synchronization
is done by detecting the TRS-ID sequences.
The PLL is continuously adjusted slightly each
scan line to ensure that these patterns are
detected and to avoid bit slippage. The recov-
ered 10x clock is divided by ten to generate the
4x Fgc sample clock. The serial data is low-
and high-frequency equalized, inverse scram-
bling performed (Figure 6.8), and deserialized.

TRS-ID

When using the serial interface, a special five-
word sequence, known as the TRS-ID, must be
inserted into the digital video stream during
the horizontal sync time. The TRSID is
present only following sync leading edges
which identify a horizontal transition, and

occupies horizontal counts 790-794, inclusive
(NTSC) or 967-971, inclusive (PAL). Table
6.23 shows the TRSID format; Figures 6.25
through 6.30 show the TRSID locations for
digital composite (M) NTSC and (B, D, G, H,
I) PAL video signals.

The line number ID word at horizontal
count 794 (NTSC) or 971 (PAL) is defined as
shown in Table 6.24.

PAL requires the reset of the TRS-ID posi-
tion relative to horizontal sync on lines 1 and
314 due to the 25-Hz offset. All lines have 1135
samples except lines 313 and 625, which have
1137 samples. The two additional samples on
lines 313 and 625 are numbered 1135 and 1136,
and occur just prior to the first active picture
sample (sample 0).

Due to the 25-Hz offset, the samples occur
slightly earlier each line. Initial determination
of the TRS-ID position should be done on line
1, Field 1, or a nearby line. The TRS-ID loca-
tion always starts at sample 967, but the dis-
tance from the leading edge of sync varies due
to the 25-Hz offset.

(IVII)SSB) D8 D7 D6 D5 D4 D3 D2 D1 DO
TRS word 0 1 1 1 1 1 1 1 1 1 1
TRS word 1 0 0 0 0 0 0 0 0 0 0
TRS word 2 0 0 0 0 0 0 0 0 0 0
TRS word 3 0 0 0 0 0 0 0 0 0 0
line number ID D8 EP line number ID
Notes:

EP = even parity for DO-D7.

Table 6.23. TRS-ID Format.
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D2 D1 DO (M) NTSC (B, D, G, H, 1) PAL

0 0 0 line 1-263 field 1 line 1-313 field 1

0 0 1 line 264-525 field 2 line 314-625 field 2

0 1 0 line 1-263 field 3 line 1-313 field 3

0 1 1 line 264-525 field 4 line 314-625 field 4

1 0 0 not used line 1-313 field 5

1 0 1 not used line 314-625 field 6

1 1 0 not used line 1-313 field 7

1 1 1 not used line 314625 field 8
D7-D3 (M) NTSC (B, D, G, H, 1) PAL

1<x<30 line number 1-30 [264-293] line number 1-30 [314-343]
x=31 line number > 31 [294] line number > 31 [344]
x=0 not used not used

Table 6.24. Line Number ID Word at Horizontal Count 794 (NTSC) or 971 (PAL).

Pro-Video Transport
Interfaces

Serial Data Transport Interface (SDTI)

SMPTE 305M and ITU-R BT.1381 define a
Serial Data Transport Interface (SDTI) that
enables transferring data between equipment.
The physical layer uses the 270 or 360 Mbps
BT.656 and SMPTE 259M digital component
video serial interface. Figure 6.33 illustrates
the signal format.

A 53-word header is inserted immediately
after the EAV sequence, specifying the source,
destination, and data format. Table 6.25 illus-
trates the header contents.

The payload data is defined by other appli-
cation-specific standards, such as SMPTE

326M. It may consist of MPEG 2 program or
transport streams, DV streams, etc., and uses
either 8-bit words plus even parity and D8 or 9-
bit words plus D8.

Line Number

The line number specifies a value of 1-525
(525ine systems) or 1-625 (625-line systems).
L0 is the least significant bit.

Line Number CRC

The line number CRC applies to the data ID
through the line number, for the entire 10 bits.
CO0 is the least significant bit. It is an 18bit
value, with an initial value set to all ones:

CRC=x8+x2+xt+x!
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HEADER

<>»m
<>»wn

USER DATA
(PAYLOAD)

Figure 6.33. SDTI Signal Format.

Code and AAI

The 4-bit code value (CD3-CD0) specifies the
length of the payload (the user data contained
between the SAV and EAV sequences):

0000 4:2:2 YCbCr video data
0001 1440 word payload
(uses 270 Mbps interface)
0010 1920 word payload
(uses 360 Mbps interface)
1000 143 Mbps digital composite video

The 4-bit authorized address identifier (AAI)
value, AAI3-AAIQ, specifies the format of the
destination and source addresses:

0000 unspecified format
0001 IPv6 address

Destination and Source Addresses

These specify the address of the source and
destination devices. A universal address is indi-
cated when all address bits are zero and AAI3-
AAIO = 0000.

Block Type

The block type value specifies the segmenta-
tion of the payload. BL7-BL6 indicate the pay-
load block structure:

00 fixed block size without ECC
01 fixed block size with ECC

10  unassigned

11  variable block size

BL5-BLO indicate the segmentation for fixed
block sizes. Variable block sizes are indicated
by BL7-BLO having a value of 11000001. The
ECC format is application-dependent.

Payload CRC Flag
The CRCEF bit indicates whether or not the pay-
load CRC is present at the end of the payload:

0 no CRC
1 CRC present
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10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) D8 EP 0 1 0 0 0 0 0 0
SDID D8 EP 0 0 0 0 0 0 0 1
data count (DC) D8 EP 0 0 1 0 1 1 1 0
D8 EP L7 L6 L5 14 L3 L2 L1 Lo
line number —
D8 EP 0 0 0 0 0 0 L9 18
. D8 Cc8 Cc7 C6 C5 C4 C3 C2 C1 Co
line number
CRC D8 | c17 | ci6 | ci5 | cia | c13 | ciz | cuit | coo | 9
code and AAI D8 EP AAI3 AAI2 AAT1 AAIO CD3 CD2 CD1 CDO
D8 EP DA7 DAG6 DA5 DA4 DA3 DA2 DA1 DAO
e e D8 EP DA15 DA14 DA13 DA12 DA11 DA10 DA9 DAS8
destination
address
D8 EP DA127 | DA126 | DA125 | DA124 | DA123 | DA122 | DA121 | DA120
D8 EP SA7 SA6 SA5 SA4 SA3 SA2 SA1 SA0
D8 EP SA15 SA14 SA13 SA12 SA11 SA10 SA9 SA8
source
address
D8 EP SA127 SA126 SA125 SA124 SA123 SA122 SA121 SA120
Notes:

EP = even parity for DO-D7.

Table 6.25a. SDTI Header Structure.
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10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)

block type D8 EP BL7 BL6 BL5 BIA4 BL3 BL2 BL1 BLO
payload CRC flag D8 EP 0 0 0 0 0 0 0 CRCF
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0

DS C8 Cc7 C6 C5 C4 C3 C2 C1 Co
header CRC —

D8 C17 C16 C15 Cl4 C13 C12 C11 C10 Cc9

g Sum of D0-D8 of data ID through last header CRC word.
check sum D8 . o

Preset to all zeros; carry is ignored.
Notes:

EP = even parity for DO-D7.
Table 6.25b. SDTI Header Structure.

Header CRC

The header CRC applies to the code and AAI
word through the reserved data, for the entire
10 bits. CO is the least significant bit. It is an 18
bit value, with an initial value set to all ones:

CRC=xB8+x0+xt+x!
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High Data-Rate Serial Data Transport
Interface (HD-SDTI)

SMPTE 348M defines a High Data-Rate Serial
Data Transport Interface (HD-SDTI) that
enables transferring data between equipment.
The physical layer uses the 1.485 (or 1.485/
1.001) Gbps SMPTE 292M digital component
video serial interface.

Figure 6.34 illustrates the signal format.
Two data channels are multiplexed onto the
single HD-SDTI stream such that one 74.25 (or
74.25/1.001) MHz data stream occupies the Y
data space and the other 74.25 (or 74.25/1.001)
MHz data stream occupies the CbCr data
space.

A 49-word header is inserted immediately

The payload data is defined by other appli-
cation-specific standards. It may consist of
MPEG 2 program or transport streams, DV
streams, etc., and uses either 8bit words plus
even parity and D8 or 9-bit words plus D8.

Code and AAI

The 4-bit code value (CD3-CDO0) specifies the
length of the payload (the user data contained
between the SAV and EAV sequences):

0000
0001
0010
0011
1000

4:2:2 YCbCr video data

1440 word payload

1920 word payload

1280 word payload

143 Mbps digital composite video

. Iy 1001 2304 word payload (extended mode)
after the line .““r.nber CRC data, specifying the 1010 2400 word payload (extended mode)
source, destination, and data format. Table 1011 1440 word pavload (extended mod
6.26 illustrates the header contents. word payload (extended mode)

1100 1728 word payload (extended mode)
1101 2880 word payload (extended mode)
1110 3456 word payload (extended mode)
1111 3600 word payload (extended mode)
SHEECER
C CHANNEL
AN
Y CHANNEL

Figure 6.34. HD-SDTI Signal Format.
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10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)
0 0 0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
data ID (DID) D8 EP 0 1 0 0 0 0 0 0
SDID D8 EP 0 0 0 0 0 0 1 0
data count (DC) D8 EP 0 0 1 0 1 0 1 0
code and AAI D8 EP AAI3 AAI2 AAT1 AAIO CD3 CD2 CD1 CDo
D8 EP DA7 DA6 DA5 DA4 DA3 DA2 DAl DAO
o D8 EP DA15 DA14 DA13 DA12 DA11 DA10 DA9 DAS
destination
address
D8 EP DA127 | DA126 | DA125 | DA124 | DA123 | DA122 | DA121 | DA120
D8 EP SA7 SA6 SA5 SA4 SA3 SA2 SA1 SA0
D8 EP SA15 SA14 SA13 SA12 SA11 SA10 SA9 SA8
source
address
D8 EP SA127 SA126 SA125 SA124 SA123 SA122 SA121 SA120
block type D8 EP BL7 BL6 BL5 Bl4 BL3 BL2 BL1 BLO
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
Notes:

EP = even parity for DO-D7.

Table 6.26a. HD-SDTI Header Structure.
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10-bit Data
D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(MSB)

reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0
reserved D8 EP 0 0 0 0 0 0 0 0

D8 Cc8 Cc7 Cé6 C5 C4 C3 C2 C1 Co
header CRC —

D8 C17 C16 C15 Cl14 C13 C12 C11 C10 Cc9

=5 Sum of DO-D8 of data ID through last header CRC word.
check sum D8 . o

Preset to all zeros; carry is ignored.
Notes:

EP = even parity for DO-D7.

Table 6.26b. HD-SDTI Header Structure.

The extended mode advances the timing of
the SAV sequence, shortening the blanking
interval, so that the payload data rate remains
a constant 129.6 (or 129.6/1.001) MBps.

The 4-bit authorized address identifier
(AA]) format is the same as for SMPTE 305M.

Destination and Source Addresses
The source and destination address formats
are the same as for SMPTE 305M.

Block Type

The block type format is the same as for
SMPTE 305M. However, different payload seg-
mentations are used for a given fixed block
type value.

Header CRC
The header CRC format is the same as for
SMPTE 305M.
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IC Component Interfaces

YCbCr Values: 8-bit Data

Y has a nominal range of 10y—EBp. Values less
than 10y or greater than EBy may be present
due to processing. Cb and Cr have a nominal
range of 10g-FOp. Values less than 10y or
greater than FO may be present due to pro-
cessing. YCbCr data may not use the values of
00y and FFy since those values may be used
for timing information.

During blanking, Y data should have a
value of 10y and CbCr data should have a value
of 80y, unless other information is present.

YCbhCr Values: 10-bit Data

For higher accuracy, pro-video solutions typi-
cally use 10-bit YCbCr data. Y has a nominal
range of 040g—-3ACy. Values less than 040y or
greater than 3ACy may be present due to pro-
cessing. Cb and Cr have a nominal range of
040—3C0y. Values less than 040y or greater
than 3C0Oy may be present due to processing.
The values 000-003g and 3FCy—3FFy may
not be used to avoid timing contention with 8-
bit systems.

During blanking, Y data should have a
value of 040y and ChCr data should have a
value of 200y, unless other information is
present.

RGB Values: 8-bit Data

Consumer solutions typically use 8bit RG'B’
data, with a range of 00y—FFy. During blank-
ing, R'G'B’ data should have a value of 00y,
unless other information is present.

Provideo solutions that support 8hbit
R'G'B’ data typically use a range of 10y—EBy.
Values less than 10y or greater than EBy may
be present due to processing. During blanking,

R'G'B’ data should have a value of 10y, unless
other information is present.

RGB Values: 10-bit Data

For higher accuracy, pro-video solutions typi-
cally use 10-bit R'G'B’ data, with a nominal
range of 040—3ACy. Values less than 040y or
greater than 3ACy may be present due to pro-
cessing. The values 000g-003y and 3FCy—
3FFy may not be used to avoid timing conten-
tion with 8bit systems.

During blanking, R'G'B’ data should have
a value of 040y, unless other data is present.

“Standard” Video Interface

The “standard” video interface has been used
for years, with the control signal names and
timing reflecting the video standard. Sup-
ported active resolutions and sample clock
rates are dependent on the video standard and
aspect ratio.

Devices usually support multiple data for-
mats to simplify using them in a wide variety of
applications.

Video Data Formats

The 24-bit 4:4:4 YCbCr data format is shown in
Figure 6.35. Y, Cb, and Cr are each 8 bits, and
all are sampled at the same rate, resulting in 24
bits of data per sample clock. Pro-video solu-
tions typically use a 30-bit interface, with the Y,
Cb, and Cr streams each being 10 bits. YO,
Ch0, and CrO0 are the least significant bits.

The 16-bit 4:2:2 YCbCr data format is
shown in Figure 6.36. Cb and Cr are sampled
at one-half the Y sample rate, then multiplexed
together. The CbCr stream of active data
words always begins with a Cb sample. Pro-
video solutions typically use a 20-bit interface,
with the Y and CbCr streams each being 10
bits.



148

Chapter 6: Digital Video Interfaces

1 1 1 1 1 1 1 1 N 1 1 1 1 1 1 Y Y Y Y Y Y Y Y v Y Y 1
ololo|lo|of|o]|o]|o ololoflo|o|o)o|1|2|3|a]5]|6]|7 N-171 N o
BLANKING ACTIVE VIDEO

ONE SCAN LINE
s|s|s|s|s|s|s]s|]  |s|ls|s|s|sls]lc|lclclc|lclclc|lc|] | c|c|s
0 0 0 0 0 0 0 0 0 0 0 0 0 0 B B B B B B B B B B 0

ol 1|2|3|a|5|6]|7 IN-11] IN]

q -
s|s|ls|s|s|s|s]s s|s|ls|s|s|slclc|lclc|lc|lc|lc|c c | c|s
0 0 0 0 0 0 0 0 0 0 0 0 0 0 R R R R R R R R R R 0

of1|2|3|4|5|6]|7 [N-1]] [N]
Figure 6.35. 24-Bit 4:4:4 YCbCr Data Format.

1 1 1 1 1 1 1 1 N 1 1 1 1 1 1 Y Y Y Y Y Y Y Y v Y Y 1
olololo|lo|o|ofo o|lo|lofloflo|oJo|1|2]|3|4a|5|6]|7 -1 N o
BLANKING ACTIVE VIDEO

ONE SCAN LINE
s|s|s|s|s|s|s]|]s|]  |s|ls|s|s|ls|ls]lc|lclclc|lclclclc|] | c|c|s
o|lofolo|loflo|o]o olololo|o|olB|R|B|R|B|R|B]|R B | g |o

olo|l2|2|4|4]|6]|6 IN-1] [N 1]
Figure 6.36. 16-Bit 4:2:2 YCbhCr Data Format.
sl 18|18 1]8]1] sl1]sl1]s|1)c|vy|lc|vy|lc|y|lc|Y]| c | vy |s
0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 R 1 B 2 R 3 R [N] 0
0 0 2 2 [N-1]
BLANKING ACTIVE VIDEO

ONE SCAN LINE

Figure 6.37. 8-Bit 4:2:2 YCbCr Data Format.

24-BIT
4:4:4
VIDEO

16-BIT
4:2:2
VIDEO

8-BIT
4:2:2
VIDEO
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The 8bit 4:2:2 YCbCr data format is shown
in Figure 6.37. The Y and ChCr streams from
the 16-bit 4:2:2 YCbCr format are simply multi-
plexed at 2x the sample clock rate. The YCbCr
stream of active data words always begins with
a Cb sample. Pro-video solutions typically use a
10-bit interface.

Tables 6.27 and 6.28 illustrate the 15-bit
RGB, 16-bit RGB, and 24-bit RGB formats. For
the 15-bit RGB format, the unused bit is some-
times used for keying (alpha) information. RO,
GO, and BO are the least significant bits.

Control Signals
In addition to the video data, there are four
control signals:

HSYNC# horizontal sync
VSYNCH# vertical sync
BLANK# blanking

CLK 1x or 2x sample clock

For the 8bit and 10-bit 4:2:2 YCbCr data
formats, CLK is a 2x sample clock. For the
other data formats, CLK is a 1x sample clock.
For sources, the control signals and video data
are output following the rising edge of CLK.
For receivers, the control signals and video
data are sampled on the rising edge of CLK.

While BLANK# is negated, active RG'B’
or YCbCr video data is present.

To support video sources that do not gen-
erate a linellocked clock, a DVALID# (data
valid) signal may also be used. While
DVALID# is asserted, valid data is present.

HSYNCH# is asserted during the horizontal
sync time each scan line, with the leading edge
indicating the start of a new line. The amount
of time that HSYNCH# is asserted is usually the
same as that specified by the video standard.

VSYNCH# is asserted during the vertical
sync time each field or frame, with the leading
edge indicating the start of a new field or
frame. The number of scan lines that VSYNC#
is asserted is usually same as that specified by
the video standard.

For interlaced video, if the leading edges of
VSYNC# and HSYNC# are coincident, the field
is Field 1. If the leading edge of VSYNC#
occurs mid-line, the field is Field 2. For nonin-
terlaced video, the leading edge of VSYNC#
indicates the start of a new frame. Figure 6.38
illustrates the typical HSYNC# and VSYNC#
relationships.

Receiver Considerations

Assumptions should not be made about the
number of samples per line or horizontal
blanking interval. Otherwise, the implementa-
tion may not work with all sources.

To ensure compatibility between various
sources, horizontal counters should be reset
by the leading edge of HSYNC#, not by the
trailing edge of BLANK#.

To handle real-world sources, a receiver
should use a “window” for detecting whether
Field 1 or Field 2 is present. For example, if the
leading edge of VSYNC# occurs within +64 1x
clock cycles of the leading edge of HSYNCH,
the field is Field 1. Otherwise, the field is Field
2.

Some video sources indicate sync timing
by having Y data be an 8&bit value less than
10g. However, most video ICs do not do this.
In addition, to allow real-world video and test
signals to be passed through with minimum
disruption, many ICs now allow the Y data to
have a value less than 10 during active video.
Thus, receiver designs assuming sync timing
is present on the Y channel may no longer
work.
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24-bit 16-bit 15-bit 24-bit 16-bit 8-bit
RGB RGB RGB 4:4:4 4:2:2 4:2:2
(5,6,5) (5,5,5) YChCr YChCr YChCr

R7 Cr7

R6 Cr6

R5 Cr5

R4 Cr4

R3 Cr3

R2 Cr2

R1 Crl

RO Cr0

G7 R4 - Y7 Y7 Ch7,Y7, Cr7
G6 R3 R4 Y6 Y6 Ch6, Y6, Cr6
G5 R2 R3 Y5 Y5 Ch5, Y5, Cr5
G4 R1 R2 Y4 Y4 Ch4, Y4, Cr4
G3 RO R1 Y3 Y3 Ch3,Y3,Cr3
G2 G5 RO Y2 Y2 Ch2,Y2, Cr2
G1 G4 G4 Y1 Y1 Ch1,Y1, Crl
GO G3 G3 YO YO Ch0, YO, Cr0
B7 G2 G2 Cb7 Ch7, Cr7

B6 G1 G1 Ch6 Ch6, Cr6

B5 GO GO Cb5 Cb5, Crb

B4 B4 B4 Ch4 Ch4, Crd

B3 B3 B3 Ch3 Ch3, Cr3

B2 B2 B2 Ch2 Ch2, Cr2

B1 B1 B1 Chbl Chl, Crl

BO BO BO Ch0 Ch0, Cr0

Table 6.27. Transferring YCbCr and RGB Data over a 16-bit or 24-bit Interface.
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24-bit 16-bit 15-bit 24-bit 16-bit 8-bit
RGB RGB RGB 4:4:4 4:2:2 4:2:2
(5,6,5) (5,5,5) YChCr YChCr YChCr

R4 - Y7

R3 R4 Y6

R2 R3 Y5

R1 R2 Y4

RO R1 Y3

G5 RO Y2

G4 G4 Y1

G3 G3 YO
R7 G2 G2 Cr7 Cb7, Cr7
R6 G1 G1 Cr6 Ch6, Cr6
R5 GO GO Cr5 Cb5, Crb
R4 B4 B4 Cr4 Ch4, Crd
R3 B3 B3 Cr3 Chb3, Cr3
R2 B2 B2 Cr2 Chb2, Cr2
R1 B1 B1 Crl Chbl, Crl
RO BO BO Cr0 Ch0, Cr0
G7 R4 - Y7 Y7 Cb7,Y7, Cr7
G6 R3 R4 Y6 Y6 Ch6, Y6, Cr6
G5 R2 R3 Y5 Y5 Cb5, Y5, Crb
G4 R1 R2 Y4 Y4 Ch4, Y4, Crd
G3 RO R1 Y3 Y3 Chb3,Y3, Cr3
G2 G5 RO Y2 Y2 Ch2,Y2, Cr2
G1 G4 G4 Y1 Y1 Cb1,Y1,Crl
GO G3 G3 YO0 YO0 Ch0, YO0, Cr0
B7 G2 G2 Ch7 Cb7, Cr7
B6 G1 G1 Ch6 Ch6, Cr6
B5 GO GO Ch5 Cb5, Crb
B4 B4 B4 Ch4 Ch4, Crd
B3 B3 B3 Ch3 Chb3, Cr3
B2 B2 B2 Ch2 Chb2, Cr2
B1 B1 B1 Ch1l Cbl, Cr1
BO BO BO Ch0 Chb0, Cr0

Table 6.28. Transferring YChCr and RGB Data over a 32-bit Interface.
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START OF FIELD 1
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Figure 6.38. Typical HSYNC# and VSYNC# Relationships (Not to Scale).

Video Module Interface (VMI)

VMI (Video Module Interface) was developed
in cooperation with several multimedia IC
manufacturers. The goal was to standardize
the video interfaces between devices such as
MPEG decoders, NTSC/PAL decoders, and
graphics chips.

Video Data Formats

The VMI specification specifies an 8-bit 4:2:2
YCbCr data format as shown in Figure 6.39.
Many devices also support the other YCbCr
and R'G'B’ formats discussed in the “Standard
Video Interface” section.

Control Signals
In addition to the video data, there are four
control signals:

HREF horizontal blanking
VREF vertical sync
VACTIVE active video
PIXCLK 2x sample clock

For the 8bit and 10-bit 4:2:2 YCbCr data
formats, PIXCLK is a 2x sample clock. For the
other data formats, PIXCLK is a 1x sample
clock. For sources, the control signals and
video data are output following the rising edge
of PIXCLK. For receivers, the control signals
and video data are sampled on the rising edge
of PIXCLK.
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While VACTIVE is asserted, active R'G'B’
or YCbCr video data is present. Although tran-
sitions in VACTIVE are allowed, it is intended
to allow a hardware mechanism for cropping
video data. For systems that do not support a
VACTIVE signal, HREF can generally be con-
nected to VACTIVE with minimal loss of func-
tion.

To support video sources that do not gen-
erate a linellocked clock, a DVALID# (data
valid) signal may also be used. While
DVALID# is asserted, valid data is present.

HREF is asserted during the active video
time each scan line, including during the verti-
cal blanking interval.

VREF is asserted for 6 scan line times,
starting one-half scan line after the start of ver-
tical sync.

For interlaced video, the trailing edge of
VREF is used to sample HREFE If HREF is
asserted, the field is Field 1. If HREF is

negated, the field is Field 2. For noninterlaced
video, the leading edge of VREF indicates the
start of a new frame. Figure 6.40 illustrates the
typical HREF and VREF relationships.

Receiver Considerations

Assumptions should not be made about the
number of samples per line or horizontal
blanking interval. Otherwise, the implementa-
tion may not work with all sources.

Video data has input setup and hold times,
relative to the rising edge of PIXCLK, of 5 and
0 ns, respectively.

VACTIVE has input setup and hold times,
relative to the rising edge of PIXCLK, of 5 and
0 ns, respectively.

HREF and VREF both have input setup
and hold times, relative to the rising edge of
PIXCLK, of 5 and 5 ns, respectively.

HREF

oo
-
-
-
oo
-
-

[=]]o]

8-BIT
4:2:2
VIDEO

[=}=+]o)

c c
B R
2 2 IN-1]

BLANKING

ACTIVE VIDEO

ONE SCAN LINE

Figure 6.39. VMI 8-bit 4:2:2 YCbCr Data for One Scan Line.
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Figure 6.40. VMI Typical HREF and VREF Relationships (Not to Scale).

“BT.656” Interface

The BT.656 interface for ICs is based on the
pro-video BT.656-type parallel interfaces, dis-
cussed earlier in this chapter (Figures 6.1 and
6.9). Using EAV and SAV sequences to indicate
video timing reduces the number of pins
required. The timing of the H, V, and F signals
for common video formats is illustrated in
Chapter 4.

Standard IC signal levels and timing are
used, and any resolution can be supported.

Video Data Formats
8bit or 10-bit 4:2:2 YCbCr data is used, as
shown in Figures 6.1 and 6.9. Although

sources should generate the four protection
bits in the EAV and SAV sequences, receivers
may choose to ignore them due to the reliabil-
ity of point-to-point transfers between chips.

Control Signals

CLK is a 2x sample clock. For sources, the
video data is output following the rising edge
of CLK. For receivers, the video data is sam-
pled on the rising edge of CLK.

To support video sources that do not gen-
erate a line-locked clock, a DVALID# (data
valid) signal may also be used. While
DVALID# is asserted, valid data is present.
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Zoomed Video Port (ZV Port)

Used on laptops, the ZV Port is a point-to-point
uni-directional bus between the PC Card host
adaptor and the graphics controller. It enables
video data to be transferred real-time directly
from the PC Card into the graphics frame
buffer.

The PC Card host adaptor has a special
multimedia mode configuration. If a non-ZV PC
Card is plugged into the slot, the host adaptor
is not switched into the multimedia mode, and
the PC Card behaves as expected. Once a ZV
card has been plugged in and the host adaptor
has been switched to the multimedia mode,
the pin assignments change. As shown in
Table 6.29, the PC Card signals A6-A25,
SPKR#, INPACK#, and 10IS16# are replaced
by ZV Port video signals (YO-Y7, CbCrO-
CbCr7, HREF, VREE, and PCLK) and 4-chan-

nel audio signals (MCLK, SCLK, LRCK, and
SDATA).

Video Data Formats
16-bit 4:2:2 YCbCr data is used, as shown in
Figure 6.36.

Control Signals
In addition to the video data, there are four
control signals:

HREF horizontal reference
VREF vertical sync
PCLK 1x sample clock

HREF, VREEF, and PCLK have the same
timing as the VMI interface discussed earlier
in this chapter.

PC Card ZV Port PC Card ZV Port PC Card ZV Port
Signal Signal Signal Signal Signal Signal
A25 CbCr7 A17 Y1 A9 YO
A24 CbCrb A16 CbCr2 A8 Y2
A23 CbCr3 Al15 CbCr4 A7 SCLK

A22 CbCrl Al4 Y6 A6 MCLK
A21 CbCr0 A13 Y4 SPKR# SDATA
A20 Y7 A12 CbCr6 I0IS16# PCLK
A19 Y5 All VREF INPACK# LRCK

A18 Y3 A10 HREF

Table 6.29. PC Card vs. ZV Port Signal Assignments.
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Video Interface Port (VIP)

The VESA VIP specification is an enhancement
to the “BT.656” interface for ICs, previously
discussed. The primary application is to inter-
face up to four devices to a graphics controller
chip, although the concept can easily be
applied to other applications.

There are three sections to the interface:

Host Interface:
VIPCLK host clock
HADO-HAD7 host address/data bus
HCTL host control

Video Interface:

PIXCLK video sample clock

VIDO-VID15 video data bus
System Interface:

VRSTH# reset

VIRQ# interrupt request

The host interface signals are provided by
the graphics controller. Essentially, a 2-, 4-, or
8bit version of the PCI interface is used. VIP-
CLK has a frequency range of 25-33 MHz. PIX-
CLK has a maximum frequency of 75 MHz.

Video Interface

As with the “BT.656” interface, special four-
word sequences are inserted into the &bit
4:2:2 YCbCr video stream to indicate the start
of active video (SAV) and end of active video
(EAV). These sequences also indicate when
horizontal and vertical blanking are present
and which field is being transmitted.

VIP modifies the BT.656 EAV and SAV
sequences as shown in Table 6.30. BT.656 uses
four protection bits (P0O-P3) in the status word
since it was designed for long cable connec-

tions between equipment. With chip-to-chip
interconnect, this protection isn’t required, so
the bits are used for other purposes. The tim-
ing of the H, V, and F signals for common video
formats are illustrated in Chapter 4. The status
word for VIP is defined as:

T=“0"fortask B T=“1"for task A
F=“0"for Field1 F=“1"for Field 2
V = “1” during vertical blanking

H =“0" at SAV H="“1"at EAV

The task bit, T, is programmable. If BT.656
compatibility is required, it should always be a
“1.” Otherwise, it may be used to indicate
which one of two data streams are present:
stream A = “1” and stream B = “0.” Alternately,
T may be a “0” when raw 2x oversampled VBI
data is present, and a “1” otherwise.

The noninterlaced bit, N, indicates
whether the source is progressive (“1”) or
interlaced (“0”). This bit is valid only during
the EAV sequence of the last active line.

The repeat bit, R, is a “1” if the current
field is a repeat field. This occurs only during
3:2 pull-down. This bit is valid only during the
EAV sequence of the last active line. The
repeat bit (R), in conjunction with the noninter-
laced bit (N), enables the graphics controller
to handle Bob and Weave, as well as 3:2 pull-
down, (further discussed in Chapter 7) in hard-
ware.

The extra flag bit, E, is a “1” if another byte
follows the EAV. Table 6.31 illustrates the extra
flag byte. This bit is valid only during EAV
sequences. If the E bit in the extra byte is “1,”
another extra byte immediately follows. This
allows chaining any number of extra bytes
together as needed.

Unlike pro-video interfaces, code 00y may
used during active video data to indicate an
invalid video sample. This is used to accommo-
date scaled video and square pixel timing.
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8-bit Data
D7
(MSB) D6 D5 D4 D3 D2 D1 DO
1 1 1 1 1 1 1 1
preamble 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
status word T F \' H N R 0 E
Table 6.30. VIP EAV and SAV Sequence.
8-bit Data
D7
(MSB) D6 D5 D4 D3 D2 D1 DO
extra byte 1 0 reserved E
Table 6.31. VIP EAV Extra Byte.
Video Data Formats Ancillary Data

In the 8bit mode (Figure 6.41), the video inter-
face is similar to BT.656, except for the differ-
ences mentioned. VID8-VID15 are not used.

In the 16-bit mode (Figure 6.42), SAV
sequences, EAV sequences, ancillary packet
headers, CbCr video data, and odd-numbered
ancillary data values are transferred across the
lower 8 bits (VIDO-VID7). Y video data and
even-numbered ancillary data values are trans-
ferred across the upper 8 bits (VID8-VID15).
Note that “skip data” (value 00y during active
video must also appear in 16-bit format to pre-
serve the 16-bit data alignment.

Ancillary data packets are used to transmit
information (such as digital audio, closed cap-
tioning, and teletext data) during the blanking
intervals, as shown in Table 6.32. Unlike pro-
video interfaces, the 00y and FFy values may
be used by the ancillary data. Note that the
ancillary data formats were defined prior to
many of the pro-video ancillary data formats,
and therefore may not match.

12 of the DID indicates whether Field 1 or
Field 2 ancillary data is present:

0 Feld1l
1 Field 2
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Figure 6.41. VIP 8-Bit Interface Data for One Scan Line. 525-line; 720 active
samples per line; 27 MHz clock.
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Figure 6.42. VIP 16-Bit Interface Data for One Scan Line. 1125-line; 1920 active
samples per line; 74.25 MHz clock.
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8-bit Data
p7 D6 D5 D4 D3 D2 D1 DO
(MSB)

0 0 0 0 0 0 0 0
ancillary data
flag (ADF) 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
data ID (DID) D8 EP 0 1 0 12 11 10
SDID D8 EP programmable value
data count (DC) D8 EP DC5 DC4 DC3 DC2 DC1 DCO
internal header O 0 0 0 0 DT3 DT2 DT1 DTO
internal header 1 0 0 LN5 LN4 LN3 LN2 LN1 LNO
user data word O D7 D6 D5 D4 D3 D2 D1 DO
user data word N D7 D6 D5 D4 D3 D2 D1 DO
check sum D8 EP CS5 CS4 CS3 CS2 CS1 CS0
optional fill data D8 EP 0 0 0 0 0 0

Notes:

EP = even parity for DO-D5.

Table 6.32. VIP Ancillary Data Packet General Format.

11-10 of the DID indicate the type of ancil-
lary data present:

00 start of field

01 sliced VBI data, lines 1-23

10 end of field VBI data, line 23

11 sliced VBI data, line 24 to end of field

The data count value (DC) specifies the
number of D-words (4-byte blocks) of ancillary
data present. Thus, the number of data words

in the ancillary packet after the DID must be a
multiple of four. 1-3 optional fill bytes may be
added after the check sum data to meet this
requirement.

When I1-10 are “00” or “10,” no user data is
present, and the data count (DC) value should
be “00000.”
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Consumer Component
Interfaces

Digital Visual Interface (DVI)

DVI was developed for transferring uncom-
pressed digital video from a computer to a dis-
play monitor. It may also be used for
interfacing devices such as settop boxes to
televisions. DVI enhances the Digital Flat
Panel (DFP) Interface by supporting more for-
mats and timings, and supporting the High-
bandwidth Digital Content Protection (HDCP)
specification to ensure unauthorized copying
of material is prevented. The interface sup-
ports VESA's Extended Display Identification
Data (EDID) standard, Display Data Channel
(DDC) standard, and Monitor Timing Specifi-
cation (DMT). DDC and EDID enable auto-
matic display detection and configuration.
“TFT data mapping” is supported as the mini-

TMDS TMDS

mum requirement: one pixel per clock, eight
bits per channel, MSB justified.

DVI uses transition-minimized differential
signaling (TMDS). Eight bits of video data are
converted to a 10-bit transition-minimized, DC-
balanced value, which is then serialized. The
receiver deserializes the data, and converts it
back to eight bits. Thus, to transfer digital
R'G'B’ or YCbCr data requires three TMDS
signals that comprise one TMDS link.

To further enhance DVI for the consumer
market, Silicon Image developed a method of
transferring digital audio over the existing
clock channel.

TMDS Links

Either one or two TMDS links may be used, as
shown in Figures 6.43 and 6.44, depending on
the formats and timing required. A system sup-
porting two TMDS links must be able to switch
dynamically between formats requiring a sin-
gle link and formats requiring a dual link.

TMDS

TRANSMITTER LINK RECEIVER
BO-B7 Eo=El » B0-B7
VSYNG ENCODER GHANNEL 0 RECEIVER |VSYNC > VSYNG
AND AND HSYNC
HSYNC SERIALIZER DECODER [ HSYNC
DE U » DE
GO-G7 et GO-G7
cTLo ENCODER CHANNEL 1 RECEIVER |CTLO - CTLO
AND AND CTL1
CTL1 SERIALIZER DECODER INTER > CTL1
DE1 CHANNEL
ALIGNMENT
RO-R7 M=l » RO-R7
crle — | L o] ENCODER CHANNEL 2 RECEIVER |CTL2 CTL2
AND AND CTLs
CTL3 SERIALIZER DECODER » CTL3
DE2
CHANNEL C
CLK » CLK

Figure 6.43. DVI Single TMDS Link.
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B0-B7
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RO-R7
CTL8
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TRANSMITTER

ENCODER
AND
SERIALIZER

ENCODER
AND
SERIALIZER

ENCODER
AND
SERIALIZER

ENCODER
AND
SERIALIZER

ENCODER
AND
SERIALIZER

ENCODER
AND
SERIALIZER
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LINK

CHANNEL 0

CHANNEL 1

CHANNEL 2

CHANNEL C
CHANNEL 3

CHANNEL 4

RECEIVER
AND
DECODER

RECEIVER
AND
DECODER

RECEIVER
AND
DECODER

RECEIVER
AND
DECODER

RECEIVER
AND
DECODER

RECEIVER
AND
DECODER
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RECEIVER

INTER
CHANNEL
ALIGNMENT

Figure 6.44. DVI Dual TMDS Link.
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A single TMDS link is used to support all
formats and timings requiring a clock rate of
25-165 MHz. Formats and timings requiring a
clock rate >165 MHz are implemented using
two TMDS links, with each TMDS link operat-
ing at one-half the frequency. Thus, the two
TMDS links share the same clock and the
bandwidth is shared evenly between the two
links.

Video Data Formats

Typically, 24-bit R'G'B’ data is transferred over
a link, although any data format may be used,
including 24-bit YCbCr for consumer applica-
tions. For applications requiring more than
eight bits per color component, the second
TMDS link may be used for the additional least
significant bits.

Control Signals
In addition to the video data, there are up to 14
control signals:

HSYNC horizontal sync
VSYNC vertical sync

DE data enable
CTLO-CTL3  reserved (link 0)
CTIA-CTL9 reserved (link 1)
CLK 1x sample clock

HERREDER
Lo o]l lre Lo e
HRRREEEE

Figure 6.45. DVI Digital-Only Connector.

—/

While DE is a “1,” active video is pro-
cessed. While DE is a “0,” the HSYNC, VSYNC
and CTLO-CTL9 signals are processed.
HSYNC and VSYNC may be either polarity.

Digital-Only Connector

The digital-only connector, which supports
dual link operation, contains 24 contacts
arranged as three rows of eight contacts, as
shown in Figure 6.45. Table 6.33 lists the pin
assignments.

Digital-Analog Connector

In addition to the 24 contacts used by the digi-
tal-only connector, the 29-contact digital-analog
connector contains five additional contacts to
support analog video as shown in Figure 6.46.
Table 6.34 lists the pin assignments.

HSYNC horizontal sync
VSYNC vertical sync

RED analog red video
GREEN analog green video
BLUE analog blue video

The operation of the analog signals is the
same as for a standard VGA connector.

Cl n c2
L] &)
L Lol ]l e ]le]le] '
OODBERR eSS
c3 Y C4

C5

Figure 6.46. DVI Digital-Analog Connector.
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Pin Signal Pin Signal Pin Signal
1 D2- 9 D1- 17 Do-
2 D2 10 D1 18 DO
3 shield 11 shield 19 shield
4 D4- 12 D3- 20 D5-
5 D4 13 D3 21 D5
6 DDC SCL 14 +5V 22 shield
7 DDC SDA 15 ground 23 CLK
8 reserved 16 Hot Plug Detect | 24 CLK-

Table 6.33. DVI Digital-Only Connector Signal Assignments.

Pin Signal Pin Signal Pin Signal
1 D2- 9 D1- 17 DO-
2 D2 10 D1 18 DO
3 shield 11 shield 19 shield
4 D4- 12 D3- 20 D5-
5 D4 13 D3 21 D5
6 DDC SCL 14 +5V 22 shield
7 DDC SDA 15 ground 23 CLK
8 VSYNC 16 Hot Plug Detect | 24 CLK-

C1 RED C2 GREEN C3 BLUE

C4 HSYNC C5 ground

Table 6.34. DVI Digital-Analog Connector Signal Assignments.



164  Chapter 6: Digital Video Interfaces

Digital Flat Panel (DFP) Interface

The VESA DFP interface was developed for
transferring uncompressed digital video from
a computer to a digital flat panel display. It sup-
ports VESA's Plug and Display (P&D) stan-
dard, Extended Display Identification Data
(EDID) standard, Display Data Channel
(DDC) standard, and Monitor Timing Specifi-
cation (DMT). DDC and EDID enable auto-
matic display detection and configuration.
Only “TFT data mapping” is supported: one
pixel per clock, eight bits per channel, MSB
justified.

Like DVI, DFP uses transition-minimized
differential signaling (TMDS). Eight bits of
video data are converted to a 10-bit transition-
minimized, DC-balanced value, which is then
serialized. The receiver deserializes the data,
and converts it back to eight bits. Thus, to
transfer digital R'‘G'B’ data requires three
TMDS signals that comprise one TMDS link.
Cable lengths may be up to 5 meters.

TMDS
TRANSMITTER

TMDS
LINK

TMDS Links

A single TMDS link, as shown in Figure 6.47,
supports formats and timings requiring a clock
rate of 22.5-160 MHz.

Video Data Formats
24-bit R'G'B’ data is transferred over the link,
as shown in Figure 6.47.

Control Signals
In addition to the video data, there are eight
control signals:

HSYNC horizontal sync
VSYNC vertical sync
DE data enable
CTLO-CTL3  reserved

CLK 1x sample clock

While DE is a “1,” active video is pro-
cessed. While DE is a “0,” the HSYNC, VSYNC
and CTLO-CTL3 signals are processed.
HSYNC and VSYNC may be either polarity.

TMDS
RECEIVER

B0-B7
VSYNC | .| ENCODER

AND

CHANNEL 0

HSYNC
DE

SERIALIZER

G0-G7
CTLO

ENCODER
AND

CHANNEL 1

CTL1

SERIALIZER

R0-R7
CTL2

ENCODER CHANNEL 2

AND

CTL3 SERIALIZER

CHANNEL C
CLK

B0-B7 > BO_B7
RECEIVER |VSYNC || VSYNG
AND HSYNC
DECODER HSYNC
DEO > DE
G0-G7 GO-G7
RECEIVER |CTLO - CTLO
DEéggER Ll INTER > CTL1
DE1 CHANNEL
ALIGNMENT
RO-R7 > RO-R7
RECEIVER |CTL2
AND CTL3 . o
DECODER CTL3
DE2
» CLK

Figure 6.47. DFP TVDS Link.
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Figure 6.48. DFP Connector.

Pin Signal Pin Signal
1 D1 11 D2
2 D1- 12 D2-
3 shield 13 shield
4 shield 14 shield
5 CLK 15 DO
6 CLK- 16 Do~
7 ground 17 no connect
8 +5V 18 Hot Plug Detect
9 no connect 19 DDC SDA
10 no connect 20 DDC SCL

Table 6.35. DFP Connector Signal Assignments.

Connector

The 20-pin mini-D ribbon (MDR) connector
contains 20 contacts arranged as two rows of
ten contacts, as shown in Figure 6.48. Table

6.35 lists the pin assignments.
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Open LVDS Display Interface (OpenLDI)

OpenlDI was developed for transferring
uncompressed digital video from a computer
to a digital flat panel display. It enhances the
FPD-Link standard used to drive the displays
of laptop computers, and adds support for
VESA's Plug and Display (P&D) standard,
Extended Display Identification Data (EDID)
standard, and Display Data Channel (DDC)
standard. DDC and EDID enable automatic
display detection and configuration.

Unlike DVI and DFP, OpenLDI uses low-
voltage differential signaling (LVDS). Cable
lengths may be up to 10 meters.

LVDS Link

The LVDS link, as shown in Figure 6.49, sup-
ports formats and timings requiring a clock
rate of 32.5-160 MHz.

FEight serial data lines (A0O-A7) and two
sample clock lines (CLK1 and CLK2) are used.
The number of serial data lines actually used is
dependent on the pixel format, with the serial
data rate being 7x the sample clock rate. The
CLK2 signal is used in the dual pixel modes for
backwards compatibility with FPD-Link receiv-
ers.

Video Data Formats

18bit single pixel, 24-bit single pixel, 18bit
dual pixel, or 24-bit dual pixel R'G'B’ data is
transferred over the link. Table 6.36 illustrates
the mapping between the pixel data bit number
and the OpenLDI bit number.

The 18bit single pixel R'G'B’ format uses
three 6-bit R'G'B’ values: RO-R5, G0-G5, and
B0-B5. OpenlLDI serial data lines A0-A2 are
used to transfer the data.

The 24-bit single pixel R'G'B’" format uses
three 8bit R'G'B’ values: RO-R7, G0-G7, and
B0-B7. OpenLDI serial data lines AO-A3 are
used to transfer the data.

The 18bit dual pixel R'G'B’ format repre-
sents two pixels as three upper/lower pairs of
6-bit R'G'B’ values: RU0-RU5, GUO-GUS5,
BUO-BU5, RLO-RL5, GLO0-GL5, BLO-BLA5.
Each upper/lower pair represents two pixels.
OpenLDI serial data lines AO-A2 and A4-A6
are used to transfer the data.

The 24-bit dual pixel R'G'B’ format repre-
sents two pixels as three upper/lower pairs of
&bit R'G'B’ wvalues: RU0-RU7, GUO-GU7,
BU0-BU7, RLO-RL7, GLO0-GL7, BLO-BL7.
Each upper/lower pair represents two pixels.
OpenlLDI serial data lines AO-A7 are used to
transfer the data.

Control Signals
In addition to the video data, there are seven
control signals:

HSYNC horizontal sync
VSYNC vertical sync
DE data enable
CNTLE reserved
CNTLF reserved

CLK1 1x sample clock
CLK2 1x sample clock

During unbalanced operation, the DE,
HSYNC, VSYNC, CNTLE, and CNTLF levels
are sent as unencoded bits within the A2 and
A6 bitstreams.

During balanced operation (used to mini-
mize short- and long-term DC bias), a DC Bal-
ance bit is sent within each of the A0-A7
bitstreams to indicate whether the data is
unmodified or inverted. Since there is no room
left for the control signals to be sent directly,
the DE level is sent by slightly modifying the
timing of the falling edge of the CLK1 and
CLK2 signals. The HSYNC, VSYNC, CNTLE
and CNTLF levels are sent during the blanking
intervals using 7-bit code words on the A0, Al,
A5, and A4 signals, respectively.
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B0-B7
VSYNC
HSYNC
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G0-G7
CNTLE

RO-R7
CNTLF

CLK1
CLK2
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TRANSMITTER LINK RECEIVER
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CHANNEL 0 VSYNC
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CHANNEL 1
DE
CHANNEL 2
CHANNEL 3 o-a7
ENCODER RECEIVER CNTLE
AND AND
SERIALIZER CHANNEL 4 DECODER
CHANNEL 5
CHANNEL 6 RO-R7
CNTLF
CHANNEL 7
CLK1
CLK2

Figure 6.49. OpenLDI LVDS Link.

18 Bits per Pixel 24 Bits per Pixel OpenLDI
Bit Number Bit Number Bit Number

5 7 5
4 6 4
3 5 3
2 4 2
1 3 1
0 2 0

1 7

0 6

Table 6.36. OpenLDI Bit Number Mappings.
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Connector

The 36-pin mini-D ribbon (MDR) connector is
similar to the one shown in Figure 6.48, except
that there are two rows of eighteen contacts.
Table 6.37 lists the pin assignments.

Gigabit Video Interface (GVIF)

The Sony GVIF was developed for transferring
uncompressed digital video using a single dif-
ferential signal, instead of the multiple signals
that DVI, DFP, and OpenlLDI use. Cable
lengths may be up to 10 meters.

GVIF Link
The GVIF link, as shown in Figure 6.50, sup-
ports formats and timings requiring a clock
rate of 20-80 MHz. For applications requiring
higher clock rates, more than one GVIF link
may be used.

The serial data rate is 24x the sample clock
rate for 18-bit R'G’'B’ data, or 30x the sample
clock rate for 24-bit R'G'B’ data.

Video Data Formats

18bit or 24-bit R'G'B’ data, plus timing, is
transferred over the link. The 18-bit R°'G'B’ for-
mat uses three 6-bit R°'G'B’ values: R0-R5, GO-
G5, and BO-B5. The 24-bit R'G'B’ format uses
three 8&bit R'G'B’ values: RO-R7, G0-G7, and
B0O-B7.

Pin Signal Pin Signal Pin Signal
1 A0- 13 +5V 25 reserved
2 Al- 14 A4- 26 reserved
3 A2- 15 Ab5- 27 ground
4 CLK1- 16 A6- 28 DDC SDA
5 A3- 17 A7- 29 ground
6 ground 18 CLK2- 30 USB-
7 reserved 19 A0 31 ground
8 reserved 20 Al 32 A4
9 reserved 21 A2 33 A5

10 DDC SCL 22 CLK1 34 A6

11 +5V 23 A3 35 A7

12 USB 24 reserved 36 CLK2

Table 6.37. OpenLDI Connector Signal Assignments.
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18bit R'G'B’ data is converted to 24-bit
data by slicing the R'G’B data into six 3-bit val-
ues that are in turn transformed into six 4-bit
codes. This ensures rich transitions for
receiver PLL locking and good DC balance.

24-bit R'G'B’ data is converted to 30-bit
data by slicing the R'G'B data into six 4-bit val-
ues that are in turn transformed into six 5-bit
codes.

Control Signals
In addition to the video data, there are six con-
trol signals:

HSYNC horizontal sync
VSYNC vertical sync
DE data enable

GVIF
TRANSMITTER

B0-B7
VSYNC
HSYNC

DE

G0-G7
CTLO

ENCODER
AND

GVIF
LINK

SDATA

CTLO reserved
CTL1 reserved
CLK 1x sample clock

If any of the HSYNC, VSYNC, DE, CTLO0,
or CTL1 signals change, during the next CLK
cycle a special 30-bit format is used. The first
six bits are header data indicating the new lev-
els of HSYNC, VSYNC, DE, CTLO0, or CTLI.
This is followed by 24 bits of R'G'B data (unen-
coded except for inverting the odd bits).

Note that during the blanking periods,
non-video data, such as digital audio, may be
transferred. The CTL signals may be used to
indicate when non-video data is present.

GVIF
RECEIVER

» B0O-B7

VSYNC
HSYNC
DE

G0-G7
CTLO

RECEIVER
AND

SERIALIZER

RO-R7
CTL1

CLK

DECODER

RO-R7
CTL1

CLK

Figure 6.50. GVIF Link.
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Consumer Transport
Interfaces

IEEE 1394

IEEE 1394 was originally developed by Apple
Computer as Firewire. Designed to be a
generic interface between devices, 1394 speci-
fies the physical characteristics; separate appli-
cation-specific specifications describe how to
transfer data over the 1394 network. The SCTE
DVS-194, EIA-775, and ITU-T J.117 specifica-
tions for compatibility between digital televi-
sions and settop boxes specifically include
IEEE 1394 support.

1394 is a transaction-based packet technol-
ogy, using a bi-directional serial interconnect
that features hot plug-and-play. This enables
devices to be connected and disconnected
without affecting the operation of other
devices connected to the network.

Guaranteed delivery of time-sensitive data
is supported, enabling digital audio and video
to be transferred in real time. In addition, mul-
tiple independent streams of digital audio and
video can be carried.

Specifications
The original 1394-1995 specification supports
bit rates of 98.304, 196.608, and 393.216 Mbps.
The proposed P1394-2000 (previously
known as P1394a) specification clarifies areas
that were vague and led to system interopera-
bility issues. It also reduces the overhead lost
to bus control, arbitration, bus reset duration,
and concatenation of packets. P1394-2000 also
introduces advanced power-savings features.
The electrical signalling method is also com-
mon between 1394-1995 and P1394-2000, using
data-strobe (DS) encoding and analog-speed
signaling.

The proposed P1394b specification adds
support for bit rates of 786.432, 1572.864, and
3145.728 Mbps. It also includes the 8B/10B
encoding technique used by Gigabit Ethernet,
and changes the speed signalling to a more
digital method. P1394b also supports new
transport media in addition to copper cables,
including plastic optical fiber (POF), glass opti-
cal fiber (GOF), and Cat5 cable. With the new
media come extended distances—up to 100
meters using Cat5.

Endian Issues

1394 uses a big-endian architecture, defining
the most significant bit as bit 0. However, many
processors are based on the little endian archi-
tecture which defines the most significant bit
as bit 31 (assuming a 32-bit word).

Network Topology

Like many networks, there is no designated
bus master. The tree-like network structure
has a root node, branching out to logical nodes
in other devices (Figure 6.51). The root is
responsible for certain control functions, and
is chosen during initialization. Once chosen, it
retains that function for as long as it remains
powered-on and connected to the network.

A network can include up to 63 nodes, with
each node (or device) specified by a 6-bit phys-
ical identification number. Multiple networks
may be connected by bridges, up to a system
maximum of 1,023 networks, with each net-
work represented by a separate 10-bit bus ID.
Combined, the 16-bit address allows up to
64,449 nodes in a system. Since device
addresses are 64 bits, and 16 of these bits are
used to specify nodes and networks, 48 bits
remain for memory addresses, allowing up to
2561B of memory space per node.
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Figure 6.51. IEEE 1394 Network Topology Examples.

Node Types

Nodes on a 1394 bus may vary in complexity
and capability (listed simplest to most com-
plex):

Transaction nodes respond to asynchro-
nous communication, implement the minimal
set of control status registers (CSR), and
implement a minimal configuration ROM.

Isochronous nodes add a 24.576 MHz clock
used to increment a cycle timer register that is
updated by cycle start packets.

Cycle master nodes add the ability to gener-
ate the 8 kHz cycle start event, generate cycle
start packets, and implement a bus timer regis-
ter.

Isochronous resource manager (IRM) nodes
add the ability to detect bad self-ID packets,
determine the node ID of the chosen IRM, and
implement the channels available, bandwidth
available, and bus manager ID registers. At
least one node must be capable of acting as an
IRM to support isochronous communication.

Bus manager (BM) nodes are the most
complex. This level adds responsibility for
storing every self-ID packet in a topology map

and analyzing that map to produce a speed
map of the entire bus. These two maps are
used to manage the bus. Finally, the BM must
be able to activate the cycle master node, write
configuration packets to allow optimization of
the bus, and act as the power manager.

Node Ports

In the network topology, a one-port device is
known as a “leaf” device since it is at the end of
a network branch. They can be connected to
the network, but cannot expand the network.

Two-port devices can be used to form
daisy-chained topologies. They can be con-
nected to and continue the network, as shown
in Figure 6.51. Devices with three or more
ports are able to branch the network to the full
63-node capability.

It is important to note that no loops or par-
allel connections are allowed within the net-
work. Also, there are no reserved
connectors—any connector may be used to
add a new device to the network.

Since 1394-1995 mandates a maximum of
16 cable “hops” between any two nodes, a max-
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imum of 17 peripherals can be included in a
network if only two-port peripherals are used.
Later specifications implement a “ping” packet
to measure the round-trip delay to any node,
removing the 16 “hop” limitation. A 2- or 3-pair
shielded cable is used, with one pair used for
serial data, and one pair used for the data
strobe signal. A third optional pair may be used
to provide power to peripherals.

Figure 6.52 illustrates the 1394-1995 and
P1394-2000 data and strobe timing. The strobe
signal changes state on every bit period for
which the data signal does not. Therefore, by
exclusive-ORing the data and strobe signals,
the clock is recovered.

Physical Layer

The typical hardware topology of a 1394 net-
work consists of a physical layer (PHY) and
link layer (LINK), as shown in Figure 6.53.
The 1394-1995 standard also defined two soft-
ware layers, the transaction layer and the bus
management layer, parts of which may be
implemented in hardware.

The PHY transforms the point-to-point net-
work into a logical physical bus. Each node is
also essentially a data repeater since data is
reclocked at each node. The PHY also defines
the electrical and mechanical connection to the
network. Physical signaling circuits and logic

responsible for power-up initialization, arbitra-
tion, bus-reset sensing, and data signaling are
also included.

Link Layer

The LINK provides interfacing between the
physical layer and application layer, formatting
data into packets for transmission over the net-
work. It supports both asynchronous and iso-
chronous data.

Asynchronous Data

Asynchronous packets are guaranteed deliv-
ery since after an asynchronous packet is
received, the receiver transmits an acknowl-
edgment to the sender, as shown in Figure
6.54. However, there is no guaranteed band-
width. This type of communication is useful for
commands, non-real-time data, and error-free
transfers.

The delivery latency of asynchronous
packets is not guaranteed and depends upon
the network traffic. However, the sender may
continually retry until an acknowledgment is
received.

Asynchronous packets are targeted to one
node on the network or can be sent to all
nodes, but can not be broadcast to a subset of
nodes on the bus.

DATA AAJ

STROBE

L

STROBE
XOR
DATA

-

Figure 6.52. IEEE 1394 Data and Strobe Slgnal Timing.
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The maximum asynchronous packet size
is:

512 * (n / 100) bytes
n = network speed in Mbps

Isochronous Data

Isochronous communications have a guaran-
teed bandwidth, with up to 80% of the network
bandwidth available for isochronous use. Up to
63 independent isochronous channels are
available, although the 1394 Open Host Con-
troller Interface (OHCI) currently only sup-
ports 4-32 channels. This type of
communication is useful for realtime audio
and video transfers since the maximum deliv-
ery latency of isochronous packets is calcula-
ble and may be targeted to multiple
destinations. However, the sender may not
retry to send a packet.

The maximum isochronous packet size is:

1024 * (n / 100) bytes
n = network speed in Mbps

Isochronous operation guarantees a time
slice each 125 ps. Since time slots are guaran-
teed, and isochronous communication takes
priority over asynchronous, isochronous band-
width is assured.

Once an isochronous channel is estab-
lished, the sending device is guaranteed to
have the requested amount of bus time for that
channel every isochronous cycle. Only one
device may send data on a particular channel,
but any number of devices may receive data on
a channel. A device may use multiple isochro-
nous channels as long as capacity is available.
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Figure 6.53. IEEE 1394 Typical Physical and Link Layer Block Diagrams.
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Transaction Layer

The transaction layer supports asynchronous
write, read, and lock commands. A lock com-
bines a write with a read by producing a round
trip routing of data between the sender and
receiver, including processing by the receiver.

Bus Management Layer

The bus management layer control functions
of the network at the physical, link, and trans-
action layers.

Digital Transmission Content Protection
(DTCP)

To prevent unauthorized copying of content,
the DTCP system was developed. Although
originally designed for 1394, it is applicable to
any digital network that supports bi-directional
communications, such as USB.

Device authentication, content encryption,
and renewability (should a device ever be com-
promised) are supported by DTCP. The Digital
Transmission Licensing Administrator
(DTLA) licenses the content protection system

ISOCHRONOUS
PACKETS

and distributes cipher keys and device certifi-
cates.

DTCP outlines four elements of content
protection:

1. Copy control information (CCI)

2. Authentication and key exchange (AKE)
3. Content encryption

4. System renewability

Copy Control Information (CCI)

CCI allows content owners to specify how their
content can be used, such as “copy-never,”
“copy-one-generation,” “no-more-copies,” and
“copy-free.” DTCP is capable of securely com-
municating copy control information between
devices. Two different CCI mechanisms are
supported: embedded and encryption mode indi-
cator.

Embedded CCI is carried within the con-
tent stream. Tampering with the content
stream results in incorrect decryption, main-
taining the integrity of the embedded CCL

ASYNCHRONOUS
PACKETS

CYCLE START PACKET
CHANNEL 1
CHANNEL 2
CHANNEL 3

PACKET 1

ACK 1
PACKET 2
ACK 2
CYCLE START PACKET

125 ps

Figure 6.54. IEEE 1394 Isochronous and Asynchronous Packets.
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The encryption mode indicator (EMI) pro-
vides a secure, yet easily accessible, transmis-
sion of CCI by using the two most significant
bits of the sync field of the isochronous packet
header. Devices can immediately determine
the CCI of the content stream without decod-
ing the content. If the two EMI bits are tam-
pered with, the encryption and decryption
modes do not match, resulting in incorrect
content decryption.

Authentication and Key Exchange (AKE
Before sharing content, a device must first ver-
ify that the other device is authentic. DTCP
includes a choice of two authentication levels:
full and restricted. Full authentication can be
used with all content protected by the system.
Restricted authentication enables the protec-
tion of “copy-one-generation” and “no-more-
copies” content only.

Full authentication

Compliant devices are assigned a unique pub-
lic/private key pair and a device certificate by
the DTLA, both stored within the device so as
to prevent their disclosure. In addition, devices
store other constants and keys necessary to
implement the cryptographic protocols.

Full authentication uses the public key-
based digital signature standard (DSS) and
Diffie-Hellman (DH) key exchange algo-
rithms. DSS is a method for digitally signing
and verifying the signatures of digital docu-
ments to verify the integrity of the data. DH
key exchange is used to establish control-chan-
nel symmetric cipher keys, which allows two
or more devices to generate a shared key.

Initially, the receiver sends a request to the
source to exchange device certificates and ran-
dom challenges. Then, each device calculates a
DH key exchange firstphase value. The
devices then exchange signed messages that
contain the following elements:

1. The other device’s random challenge

2. The DH key-exchange first-phase value

3. The renewability message version num-
ber of the newest system renewability
message (SRM) stored by the device

The devices check the message signatures
using the other device’s public key to verify
that the message has not been tampered with
and also verify the integrity of the other
device’s certificate. Each device also examines
the certificate revocation list (CRL) embedded
in its system renewability message (SRM) to
verify that the other device’s certificate has not
been revoked due to its security having been
compromised. If no errors have occurred, the
two devices have successfully authenticated
each other and established an authorization
key.

Restricted authentication

Restricted authentication may be used
between sources and receivers for the
exchange of “copy-one-generation” and “no-
more-copies” contents. It relies on the use of a
shared secret to respond to a random chal-
lenge.

The source initiates a request to the
receiver, requests it’s device ID, and sends a
random challenge. After receiving the random
challenge back from the source, the receiver
computes a response and sends it to the
source.

The source compares this response with
similar information generated by the source
using its service key and the ID of the receiver.
If the comparison matches its own calculation,
the receiver has been verified and authenti-
cated. The source and receiver then each cal-
culate an authorization key.
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Content Encryption
To ensure interoperability, all compliant

devices must support the 56-bit M6 baseline
cipher. Additional content protection may be
supported by using additional, optional
ciphers.

System Renewability

Devices that support full authentication can
receive and process SRMs that are created by
the DTLA and distributed with content. System
renewability is used to ensure the long-term
system integrity by revoking the device IDs of
compromised devices.

SRMSs can be updated from other compli-
ant devices that have a newer list, from media
with prerecorded content, or via compliant
devices with external communication capabil-
ity (Internet, phone, cable, or network, etc.).

Example Operation
For this example, the source has been

instructed to transmit a copy protected system
stream of content.

The source initiates the transmission of
content marked with the copy protection sta-
tus: “copy-one-generation,” “copy-never,” “no-
more-copies,” or “copy-free.”

Upon receiving the content stream, the
receiver determines the copy protection status.
If marked “copy never,” the receiver requests
that the source initiate full authentication. If
the content is marked “copy once” or “no more
copies,” the receiver will request full authenti-
cation if supported, or restricted authentica-
tion if it isn’t.

When the source receives the authentica-
tion request, it proceeds with the requested
type of authentication. If full authentication is
requested but the source can only support
restricted authentication, then restricted
authentication is used.

Once the devices have completed the
authentication procedure, a content-channel
encryption key (content key) is exchanged
between them. This key is used to encrypt the
content at the source device and decrypt the
content at the receiver.

1394 Open Host Controller Interface
(OHCI)

The 1394 Open Host Controller Interface
(OHCI) specification is an implementation of
the 1394 link layer, with additional features to
support the transaction and bus management
layers. It provides a standardized way of inter-
acting with the 1394 network.

Home AV Interoperability (HAVi)

Home AV Interoperability (HAVi) is another
layer of protocols for 1394. HAVi is directed at
making 1394 devices plug-and-play interopera-
ble in a 1394 network whether or not a PC host
is present.

Serial Bus Protocol (SBP-2)

The ANSI Serial Bus Protocol 2 (SBP-2)
defines standard way of delivering command
and status packets over 1394 for devices such
DVD players, printers, scanners, hard drives,
and other devices.

IEC 61883 Specifications
Certain types of isochronous signals, such as
MPEG 2 or IEC 61834 and SMPTE 314M digi-
tal video (DV), use specific data transport pro-
tocols and formats. When this data is sent
isochronously over a 1394 network, special
packetization techniques are used.

The IEC 61883 series of specifications
define the details for transferring various appli-
cation-specific data over 1394:
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IEC 61883-1 = General specification

IEC 61883-2 = SD-DVCR data transmission
25 Mbps continuous bit rate

IEC 61883-3 = HD-DVCR data transmission

IEC 61883-4 = MPEG2-TS data transmission
bit rate bursts up to 44 Mbps

IEC 61883-5 = SDL-DVCR data transmission

IEC 61883-6 = Audio and music data transmission

IEC 61883-1

IEC 61883-1 defines the general structure for
transferring digital audio and video data over
1394. It describes the general packet format,
data flow management, and connection man-
agement for digital audio and video data, and
also the general transmission rules for control
commands.

NORMAL
ISOCHRONOUS
PACKET

PACKET HEADER

HEADER CRC

ISOCHRONOUS
PACKET
PAYLOAD

DATA CRC

32 BITS

7

N

A common isochronous packet (CIP)
header is placed at the beginning of the data
field of isochronous data packets, as shown in
Figure 6.55. It specifies the source node, data
block size, data block count, time stamp, type
of real-time data contained in the data field, etc.

A connection management procedure
(CMP) is also defined for making isochronous
connections between devices.

In addition, a functional control protocol
(FCP) is defined for exchanging control com-
mands over 1394 using asynchronous data.

IEC 61883-2

IEC 61883-2 defines the CIP header, data
packet format, and transmission timing for IEC
61834 and SMPTE 314M digital audio and
compressed digital video (DV) data over 1394.
Active resolutions of 720 x 480 (at 29.97 frames
per second) and 720 x 576 (at 25 frames per
second) are supported.

61883 - 2
ISOCHRONOUS
PACKET

CIP HEADER 0

CIP HEADER 1

DATA
PAYLOAD
(480 BYTES)

32 BITS

Figure 6.55. 61883-2 Isochronous Packet Formatting.
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DV data packets are 488 bytes long, made
up of 8 bytes of CIP header and 480 bytes of
DV data, as shown in Figure 6.55. Figure 6.56
illustrates the frame data structure.

Each of the 720 x 480 4:1:1 YCbCr frames
are compressed to 103,950 bytes, resulting in a
4.9:1 compression ratio. Including overhead
and audio increases the amount of data to
120,000 bytes.

The compressed 720 x 480 frame is
divided into 10 DIF (data in frame) sequences.
Each DIF sequence contains 150 DIF blocks of
80 bytes each, used as follows:

135 DIF blocks for video
9 DIF blocks for audio

6 DIF blocks used for Header, Subcode, and
Video Auxiliary (VAUX) information

Figure 6.57 illustrates the DIF sequence
structure in detail. The audio DIF blocks con-
tain both audio data and audio auxiliary data
(AAUX). IEC 61834 supports four 32-kHz, 12-
bit nonlinear audio signals or two 48-, 44.1-, or
32-kHz, 16-bit audio signals. SMPTE 314M at
25 Mbps supports two 48-kHz 16-bit audio sig-
nals, while the 50 Mbps version supports four.
Video auxiliary data (VAUX) DIF blocks
include recording date and time, lens aperture,
shutter speed, color balance, and other camera
setting data. The subcode DIF blocks store a
variety of information, the most important of
which is timecode.

Each video DIF block contains 80 bytes of
compressed macroblock data:

3 bytes for DIF block ID information

1 byte for the header that includes the quantiza-
tion number (QNO) and block status (STA)

14 bytes each for Y0, Y1, Y2, and Y3
10 bytes each for Cb and Cr

As the 488byte packets come across the
1394 network, the start of a video frame is
determined. Once the start of a frame is
detected, 250 valid packets of data are col-
lected to have a complete DV frame; each
packet contains 6 DIF blocks of data. Every
15th packet is a null packet and should be dis-
carded. Once 250 valid packets of data are in
the buffer, discard the CIP headers. If all went
well, you have a frame buffer with a 120,000
byte compressed DV frame in it.

720 x 576 frames may use either the 4:2:0
YCbCr format (IEC 61834) or the 4:1:1 YCbCr
format (SMPTE 314M), and require 12 DIF
sequences. Each 720 x 576 frame is com-
pressed to 124,740 bytes. Including overhead
and audio increases the amount of data to
144,000 bytes, requiring 300 packets to trans-
fer.

Note that the organization of data trans-
ferred over 1394 differs from the actual DV
recording format since error correction is not
required for digital transmission. In addition,
although the video blocks are numbered in
sequence in Figure 6.57, the sequence does
not correspond to the left-to-right, top-to-bot-
tom transmission of blocks of video data. Com-
pressed macroblocks are shuffled to minimize
the effect of errors and aid in error conceal-
ment. Audio data also is shuffled. Data is trans-
mitted in the same shuffled order as recorded.

To illustrate the video data shuffling, DV
video frames are organized as 50 super blocks,
with each super block being composed of 27
compressed macroblocks, as shown in Figure
6.58. A group of 5 super blocks (one from each
super block column) make up one DIF
sequence. Table 6.38 illustrates the transmis-
sion order of the DIF blocks. Additional infor-
mation on the DV data structure is available in
Chapter 11.
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1 FRAME IN 1.001/30 SECOND (10 DIF SEQUENCES)

DIFSO | DIFS1 | DIFS2 | DIFss | DIFs4 | DIFss | DIFse | DIFS7 | DIFss | DIFse
|
1 DIF SEQUENCE IN 1.001/300 SECOND (150 DIF BLOCKS)
e | Seom | aom 135 VIDEO AND 9 AUDIO DIF BLOCKS
- 150 DIF BLOCKS IN 1.001/30 SECOND .
DFo | DIFt | DIF2 | DIF3 | DIF4 | DIF5 | DIFe DIF148 | DIF149

,—l

1 DIF BLOCK IN 1.001/45000 SECOND

D
(3 BYTES)

HEADER
(1 BYTE)

DATA
(76 BYTES)

YO (14 BYTES) Y1 (14 BYTES) Y2 (14 BYTES) Y3 (14 BYTES) CR (10 BYTES) CB (10 BYTES)

AC DC2 AC DC3 AC

DC4

AC

AC

COMPRESSED MACROBLOCK

Figure 6.56. IEC 61834 and SMPTE 314M Packet Formatting for 720 x 480 Systems (4:1:1

YCbCr).
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H = HEADER SECTION

Figure 6.57. IEC 61834 and SMPTE 314M DIF Sequence Detail (25 Mbps).

H sCo sc1 VAQ VA1 VA2 SCO, SC1 = SUBCODE SECTION
VAO, VA1, VA2 = VAUX SECTION
0 1 2 3 4 5 AO0-A8 = AUDIO SECTION
V0-V134 = VIDEO SECTION
A0 Vo \al V2 V3 \Z V5 Ve V7 V8 V9 V10 Vit V12 V13 Vi4
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
—» Al V15 Vie V17 vig V19 V20 va1 V22 Va3 V24 Va5 V26 Va7 vag V29
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
A8 V120 vi21 V122 V123 V124 V125 V126 vi27 V128 V129 V130 V131 V132 V133 V134
134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149
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480
LINES

720 SAMPLES

SUPERBLOCK
1 2 3 4
0 S0,0 S0,1 S0,2 S0,3 80,4
1 $1,0 S1.1 S1,2 S1,3 S1,4
2 S2,0 82,1 S2,2 S2,3 S2,4
3 83,0 83,1 S3,2 83,3 S3,4
4 $4,0 S4.1 S4,2 S4,3 S4,4
5 $5,0 85,1 S5,2 85,3 85,4
6 $6,0 S6,1 S6,2 S6,3 S6,4
7 S§7,0 S71 S7,2 S7,3 S7,4
8 S8,0 88,1 S8,2 S8,3 88,4
9 $9,0 89,1 $9,2 89,3 89,4
0 (1112|2324 8 | 9 |20|21§ 0 [11[12]|23 (248 [ 9 (20|21 0 [11|12(23
11013 |22|25)0 7 [10[19|22) 1 |10|13[22(254 7 [10|19|22] 1 [10|13|22 o
29 |14(21]|26] 6 (1118|232 |9 (14|21 |26 6 [11[18]|23)2 |9 |14|21 25
3|8 |15(20) 0|5 (1217|243 | 8 [15|20J 0 | 5 (12(17|24) 3 | 8 |15(20
47 |16(19) 1|4 [13|16|2544 |7 (16|19 1 |4 [13[16|2504 |7 |16(19
5|6 |17(18) 2| 3 [14|15|26§45 |6 [17|18)2 | 3 [14[15]|26) 5 | 6 |17|18 %
MACROBLOCK

Figure 6.58. Relationship Between Super Blocks and Macroblocks (720 x 480, 4:1:1 YCbhCr).
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: Compressed : Compressed
Vid Vid
DIF Blf;o Macroblock DIF I:)I‘Iio Macroblock
Sequence Block Sequence Block
Number oc Superblock | Macroblock |  Number oc Superblock | Macroblock
Number Number Number Number Number Number
0 2,2 0 :U
1 6,1 0 0 1,2 0
2 8,3 0 1 51 0
o 3 0,0 0 2 7,3 0
4 4,4 0 3 n-1,0 0
n-1
O 4 3,4 0
133 0,0 26 :0
134 4,4 26 133 n-1,0 26
0 3,2 0 134 3,4 26
1 7,1 0
2 93 0
3 1,0 0
1
4 5,4 0
:0
133 1,0 26
134 5,4 26
Notes:

1. n = 10 for 480-line systems, n = 12 for 576-line systems.

Table 6.38. Video DIF Blocks and Compressed Macroblocks for 25 Mbps.
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IEC 618834

IEC 61883-4 defines the CIP header, data
packet format, and transmission timing for
MPEG 2 Transport Streams over 1394.

It is most efficient to carry an integer num-
ber of 192 bytes (188 bytes of MPEG data plus
4 bytes of time stamp) per isochronous packet,
as shown in Figure 6.59. However, MPEG data
rates are rarely integer multiples of the isoch-
ronous data rate. Thus, it is more efficient to
divide the MPEG packets into smaller compo-
nents of 24 bytes each to maximize available
bandwidth. The transmitter then uses an inte-
ger number of data blocks (restricted multi-
ples of 0, 1, 2, 4, or 8, placing then in an
isochronous packet and adding the 8byte CIP
header.

NORMAL
ISOCHRONOUS
PACKET

PACKET HEADER

HEADER CRC

ISOCHRONOUS
PACKET
PAYLOAD

DATA CRC

32 BITS

e

N

Digital Camera Specification
The 1394 Trade Association has written a spec-
ification for 1394-based digital video cameras.
This was done to avoid the silicon and software
cost of implementing the full IEC 61883 specifi-
cation.

Seven resolutions are defined, with a wide
range of format support:

160 x 120 4:4:4 YCbCr

320 x 240 4:2:2 YCbCr

640 x 480 4:1:1, 4:2:2 YCbCr, 24-bit RGB
800 x 600 4:2:2 YCbCr, 24-bit RGB

1024 x 768 4:2:2 YCbCr, 24-bit RGB

1280 x 960 4:2:2 YCbCr, 24-bit RGB

1600 x 1200 4:2:2 YCbCr, 24-bit RGB

Supported frame rates are 1.875, 3.75, 7.5, 15,
30, and 60 frames per second.

Isochronous packets are used to transfer
the uncompressed digital video data over the
1394 network.

61883 -4
ISOCHRONOUS
PACKET

CIP HEADER 0

CIP HEADER 1

DATA
PAYLOAD
(192 BYTES)

32 BITS

Figure 6.59. 61883-4 Isochronous Packet Formatting.
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Chapter 7

Digital Video
Processing

In addition to encoding or decoding NTSC/
PAL or MPEG video, a typical system usually
requires considerable additional video pro-
cessing.

Since most computer displays, and option-
ally HDTV, are noninterlaced, interlaced video
must be converted to noninterlaced (“deinter-
laced”). Noninterlaced video must be con-
verted to interlaced to drive a conventional
analog VCR or TV, requiring noninterlaced-to-
interlaced conversion.

Many computer displays have a vertical
refresh rate of about 75 Hz, whereas consumer
video has a vertical refresh rate of 25 or 29.97
(30/1.001) frames per second. For DVD and
HDTYV, source material may only be 24 frames
per second. Thus, some form of frame rate
conversion must be done.

186

Another not-so-subtle problem includes
video scaling. SDTV and HDTV support multi-
ple resolutions, yet the display may be a single,
fixed resolution.

Alpha mixing and chroma keying are used
to mix multiple video signals or video with
computer-generated text and graphics. Alpha
mixing ensures a smooth crossover between
sources, allows subpixel positioning of text,
and limits source transition bandwidths to sim-
plify eventual encoding to composite video sig-
nals.

Since no source is perfect, even digital
sources, user controls for adjustable bright-
ness, contrast, saturation, and hue are always
desirable.
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Rounding Considerations

When two 8bit values are multiplied together,
a 16-bit result is generated. At some point, a
result must be rounded to some lower preci-
sion (for example, 16 bits to 8 bits or 32 bits to
16 bits) in order to realize a cost-effective hard-
ware implementation. There are several round-
ing techniques: truncation, conventional
rounding, error feedback rounding, and
dynamic rounding.

Truncation

Truncation drops any fractional data during
each rounding operation. As a result, after only
a few operations, a significant error may be
introduced. This may result in contours being
visible in areas of solid colors.

Conventional Rounding

Conventional rounding uses the fractional data
bits to determine whether to round up or
round down. If the fractional data is 0.5 or
greater, rounding up should be performed—
positive numbers should be made more posi-
tive and negative numbers should be made
more negative. If the fractional data is less than
0.5, rounding down should be performed—

16-BIT
DATA /-D

positive numbers should be made less positive
and negative numbers should be made less
negative.

Error Feedback Rounding

Error feedback rounding follows the principle
of “never throw anything away.” This is accom-
plished by storing the residue of a truncation
and adding it to the next video sample. This
approach substitutes less visible noise-like
quantizing errors in place of contouring effects
caused by simple truncation. An example of an
error feedback rounding implementation is
shown in Figure 7.1. In this example, 16 bits
are reduced to 8 bits using error feedback.

Dynamic Rounding

This technique (a licensable Quantel patent)
dithers the LSB according to the weighting of
the discarded fractional bits. The original data
word is divided into two parts, one represent-
ing the resolution of the final output word and
one dealing with the remaining fractional data.
The fractional data is compared to the output
of a random number generator equal in resolu-
tion to the fractional data. The output of the
comparator is a 1-bit random pattern weighted
by the value of the fractional data, and serves

8 (MSB) 8-BIT

8 (LSB)
8 MSB =0

DATA

out
8 (LSB)

REGISTER

Figure 7.1. Error Feedback Rounding.
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as a carry-in to the adder. In all instances, only
one LSB of the output word is changed, in a
random fashion. An example of a dynamic
rounding implementation is shown in Figure
7.2.

SDTV - HDTV YCbCr
Transforms

SDTV and HDTV applications have different
colorimetric characteristics, as discussed in
Chapter 3. Thus, when SDTV (HDTV) data is
displayed on a HDTV (SDTV) display, the
YChCr data should be processed to compen-
sate for the different colorimetric characteris-
tics.

SDTV to HDTV

A 3 x 3 matrix can be used to convert from
Ye01CbCr (SDTV) to Y7p9ChbCr (HDTV):

16-BIT
DATA

16 8 (MSB)

0071.01863972[10.11461795

113-01115549752-0.20793764
00J0.07504945[11.02532707

Note that before processing, the 8bit DC
offset (16 for Y and 128 for CbCr) must be
removed, then added back in after processing.

HDTV to SDTV

A 3 x 3 matrix can be used to convert from
Y709CbCr (HDTV) to Yg0;ChbCr (SDTV):

1770.09931166110.19169955
0010.989853811-0.11065251
003-010724529610.98339782

Note that before processing, the 8bit DC off-
set (16 for Y and 128 for CbCr) must be
removed, then added back in after processing.

8-BIT

O,

IN

8 (LSB)

DATA

ouTt
CARRY
IN

A>B

PSEUDO
RANDOM
BINARY

SEQUENCE
GENERATOR

COMPARATOR

Figure 7.2. Dynamic Rounding.
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4:4:4 to 4:2:2 YCbCr
Conversion

Converting 4:4:4 YCbCr to 4:2:2 YCbCr (Fig-
ure 7.3) is a common function in digital video.
4:2:2 YCbCr is the basis for many digital video
interfaces, and requires fewer connections to
implement.

Saturation logic should be included in the
Y, Ch, and Cr data paths to limit the 8bit range
to 1-254. The 16 and 128 values shown in Fig-
ure 7.3 are used to generate the proper levels
during blanking intervals.

Y Filtering

A template for the Y lowpass filter is shown in
Figure 7.4 and Table 7.1.

Because there may be many cascaded con-
versions (up to 10 were envisioned), the filters
were designed to adhere to very tight toler-

v OPTIONAL
/ LPF

ances to avoid a buildup of visual artifacts.
Departure from flat amplitude and group delay
response due to filtering is amplified through
successive stages. For example, if filters exhib-
iting -1 dB at 1 MHz and -3 dB at 1.3 MHz
were employed, the overall response would be
-8 dB (at 1 MHz) and -24 dB (at 1.3 MHz)
after four conversion stages (assuming two fil-
ters per stage).

Although the sharp cut-off results in ring-
ing on Y edges, the visual effect should be min-
imal provided that group-delay performance is
adequate. When cascading multiple filtering
operations, the passband flatness and group-
delay characteristics are very important. The
passband tolerances, coupled with the sharp
cut-off, make the template very difficult (some
say impossible) to match. As a result, there
usually is temptation to relax passband accu-
racy, but the best approach is to reduce the
rate of cut-off and keep the passband as flat as
possible.

16-BIT 8-BIT
4:2:2 4:2:2
YCBCR YCBCR

MUX

R OPTIONAL
/ LPF

MUX +> YCBCR

128 —={ MUX

OPTIONAL

CBCR

Figure 7.3. 4:4:4 to 4:2:2 YCbhCr Conversion.
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ATTENUATION
(bB)
50 DB

50

40 DB I
40

30

20

12 DB

0.40 FS 0.50FS 060FS 0.73FS

FREQUENCY (MHZ)

Figure 7.4. Y Filter Template. F; = Y 1x sample rate.

Frequency Range Typical SDTV Tolerances Typical HDTV Tolerances

Passband Ripple Tolerance

0to 0.40Fg 10.01 dB increasing to £0.05 dB +0.05 dB
Passband Group Delay Tolerance

0to 0.27F 0 increasing to £1.35 ns +0.075T

0.27Fto 0.40F +1.35 ns increasing to 2 ns +0.110T

Table 7.1. Y Filter Ripple and Group Delay Tolerances. Fg = Y 1x sample
rate. T=1/F,.
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ATTENUATION
(DB)

60

5508
50

40

30

20

10

|_6DB

0.20 FS 0.30 FS 0.47 FS
0.25 FS

FREQUENCY (MHZ)

Figure 7.5. Cb and Cr Filter Template for Digital Filter for Sample Rate
Conversion from 4:4:4 to 4:2:2. F; = Y 1x sample rate.

Frequency Range Typical SDTV Tolerances Typical HDTV Tolerances

Passband Ripple Tolerance

0to 0.20Fg | 0 dB increasing to £0.05 dB +0.05 dB

Passband Group Delay Tolerance

0to 0.20Fg | delay distortion is zero by design

Table 7.2. CbCr Filter Ripple and Group Delay Tolerances. Fg = Y 1x sample

rate. T=1/F,.
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CbCr Filtering

Cb and Cr are lowpass filtered and decimated.
In a standard design, the lowpass and decima-
tion filters may be combined into a single filter,
and a single filter may be used for both Cb and
Cr by multiplexing.

As with Y filtering, the Cb and Cr lowpass
filtering requires a sharp cut-off to prevent
repeated conversions from producing a cumu-
lative resolution loss. However, due to the low
cut-off frequency, the sharp cut-off produces
ringing that is more noticeable than for Y.

A template for the Cb and Cr filters is
shown in Figure 7.5 and Table 7.2.

Since aliasing is less noticeable in color dif-
ference signals, the attenuation at half the sam-
pling frequency is only 6 dB. There is an
advantage in using a skew-symmetric response
passing through the -6 dB point at half the
sampling frequency—this makes alternate
coefficients in the digital filter zero, almost
halving the number of taps, and also allows
using a single digital filter for both the Cb and
Cr signals. Use of a transversal digital filter has
the advantage of providing perfect linear phase
response, eliminating the need for group-delay
correction.

As with the Y filter, the passband flatness
and group-delay characteristics are very
important, and the best approach again is to
reduce the rate of cut-off and keep the pass-
band as flat as possible.

Display Enhancement

Hue, Contrast, Brightness, and
Saturation

Working in the YCbCr color space has the
advantage of simplifying the adjustment of con-
trast, brightness, hue, and saturation, as shown

in Figure 7.6. Also illustrated are multiplexers
to allow the output of black screen (R, G', B/, =
0, 0, 0), blue screen (R, G, B" = 73, 121, 245),
and color bars.

The design should ensure that no overflow
or underflow wrap-around errors occur; effec-
tively saturating results to the 0 and 255 values.

Y Processing

16 is subtracted from the Y data to position the
black level at zero. This removes the DC offset
so adjusting the contrast does not vary the
black level. Since the Y input data may have
values below 16, negative Y values should be
supported at this point.

The contrast is adjusted by multiplying the
YCbCr data by a constant. If Cb and Cr are not
adjusted, a color shift will result whenever the
contrast is changed. A typical 8bit contrast
adjustment range is 0~1.992x.

The brightness control data is added or
subtracted from the Y data. Brightness control
is done after the contrast control to avoid intro-
ducing a varying DC offset due to adjusting
the contrast. A typical 6-bit brightness adjust-
ment range is -32 to +31.

Finally, 16 is added to position the black
level at 16.

CbCr Processing
128 is subtracted from Cb and Cr to position
the range about zero.

The hue control is implemented by mixing
the Cb and Cr data:

Cbh'=Cbcos6+Crsin6
Cr'=Crcos9-Cbsin®

where 0 is the desired hue angle. A typical 8-bit

hue adjustment range is -30° to +30°.
Saturation is adjusted by multiplying both

Cb and Cr by a constant. A typical 8bit satura-
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Figure 7.6. Hue, Saturation, Contrast, and Brightness Controls.
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tion adjustment range is 0~1.992x. In the exam-
ple shown in Figure 7.6, the contrast and
saturation values are multiplied together to
reduce the number of multipliers in the ChCr
datapath.

Finally, 128 is added to both Cb and Cr.

Color Transient Improvement

YCbCr transitions are normally aligned. How-
ever, the Cb and Cr transitions are usually
degraded due to the narrow bandwidth of
color difference information.

By monitoring coincident Y transitions,
faster transitions may be synthesized for Ch
and Cr. These edges are then aligned with the
Y edge, as shown in Figure 7.7.

Alternately, Cb and Cr transitions may be
differentiated, and the results added to the
original Cb and Cr signals. Small amplitudes in
the differentiation signals should be sup-
pressed by coring. To eliminate “wrong colors”
due to overshoots and undershoots, the
enhanced CbCr signals should also be limited
to the proper range.

—— 150 NS

CB, CR

S

800 NS

ENHANCED
CB, CR

—— 150 NS

Figure 7.7. Color Transient Improvement.

Since this technique artificially increases
the high-frequency component of video sig-
nals, it should not be used if the video will be
compressed, as the compression ratio will be
reduced.

Sharpness

The apparent sharpness of a picture may be
increased by increasing the amplitude of high-
frequency luminance information.

As shown in Figure 7.8, a simple bandpass
filter with selectable gain (also called a peaking
filter) may be used. The frequency where max-
imum gain occurs is usually selectable to be
either at the color subcarrier frequency or at
about 2.6 MHz. A coring circuit is typically
used after the filter to reduce low-level noise.

Figure 7.9 illustrates a more complex
sharpness control circuit. The high-frequency
luminance is increased using a variable band-
pass filter, with adjustable gain. The coring
function (typically +1 LSB) removes low-level
noise. The modified luminance is then added
to the original luminance signal.

Since this technique artificially increases
the high-frequency component of the video sig-
nals, it should not be used if the video will be
compressed, as the compression ratio will be
reduced.

In addition to selectable gain, selectable
attenuation of high frequencies should also be
supported. Many televisions boost high-fre-
quency gain to improve the apparent sharp-
ness of the picture. If this is applied to a MPEG
2 source, the picture quality is substantially
degraded. Although the sharpness control on
the television may be turned down, this affects
the picture quality of analog broadcasts. There-
fore, many MPEG 2 sources have the option of
attenuating high frequencies to negate the
sharpness control on the television.
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Video Mixing and Graphics
Overlay

Mixing video signals may be as simple as
switching between two video sources. This is
adequate if the resulting video is to be dis-
played on a computer monitor.

For most other applications, a technique
known as alpha mixing should be used. Alpha
mixing may also be used to fade to or from a
specific color (such as black) or to overlay
computer-generated text and graphics onto a
video signal.

Alpha mixing must be used if the video is
to be encoded to composite video. Otherwise,
ringing and blurring may appear at the source
switching points, such as around the edges of
computer-generated text and graphics. This is
due to the color information being lowpass fil-
tered within the NTSC/PAL encoder. If the fil-
ters have a sharp cut-off, a fast color transition
will produce ringing. In addition, the intensity
information may be bandwidth-limited to about
4-5 MHz somewhere along the video path,
slowing down intensity transitions.

Mathematically, with alpha normalized to
have values of 0-1, alpha mixing is imple-
mented as:

out = (alpha_0) (in_0) + (alpha_1)(in_1) +...

In this instance, each video source has its own
alpha information. The alpha information may
not total to one (unity gain).

Figure 7.10 shows mixing of two YCbCr
video signals, each with its own alpha informa-
tion. As YCbCr uses an offset binary notation,
the offset (16 for Y and 128 for Cb and Cr) is
removed prior to mixing the video signals.
After mixing, the offset is added back in. Note
that two 4:2:2 YCbCr streams may also be pro-
cessed directly; there is no need to convert

them to 4:4:4 YCbCr, mix, then convert the
result back to 4:2:2 YCbCr.

When only two video sources are mixed
and alpha_0 + alpha_1 = 1 (implementing a
crossfader), a single alpha value may be used,
mathematically shown as:

out = (alpha) (in_0) + (1 — alpha) (in_1)

‘When alpha = 0, the output is equal to the in_1
video signal; when alpha = 1, the output is
equal to the in_0 video signal. When alpha is
between 0 and 1, the two video signals are pro-
portionally multiplied, and added together.

Expanding and rearranging the previous
equation shows how a two-channel mixer may
be implemented using a single multiplier:

out = (alpha)n_0—-in_1) +in_1

Fading to and from a specific color is done by
setting one of the input sources to a constant
color.

Figure 7.11 illustrates mixing two YCbCr
sources using a single alpha channel. Figures
7.12 and 7.13 illustrate mixing two R'G'B’
video sources (R'‘G'B’ has a range of 0-255).
Figures 7.14 and 7.15 show mixing two digital
composite video signals.

A common problem in computer graphics
systems that use alpha is that the frame buffer
may contain preprocessed R'G'B’ or YChCr
data; that is, the R’'G'B’ or YCbCr data in the
frame buffer has already been multiplied by
alpha. Assuming an alpha value of 0.5, non-
processed R'G'B’A values for white are (255,
255, 255, 128); preprocessed R'G'B’A values
for white are (128, 128, 128, 128). Therefore,
any mixing circuit that accepts R'G'B’ or
YCbCr data from a frame buffer should be able
to handle either format.

By adjusting the alpha values, slow to fast
crossfades are possible, as shown in Figure
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7.16. Large differences in alpha between sam-
ples result in a fast crossfade; smaller differ-
ences result in a slow crossfade. If using alpha
mixing for special effects, such as wipes, the
switching point (where 50% of each video
source is used) must be able to be adjusted to
an accuracy of less than one sample to ensure
smooth movement. By controlling the alpha
values, the switching point can be effectively
positioned anywhere, as shown in Figure
7.16a.

Text can be overlaid onto video by having a
character generator control the alpha inputs.
By setting one of the input sources to a con-
stant color, the text will assume that color.

Note that for those designs that subtract 16
(the black level) from the Y channel before
processing, negative Y values should be sup-
ported after the subtraction. This allows the
design to pass through real-world and test
video signals with minimum artifacts.

Luma and Chroma Keying

Keying involves specifying a desired fore-
ground color; areas containing this color are
replaced with a background image. Alter-
nately, an area of any size or shape may be
specified; foreground areas inside (or outside)
this area are replaced with a background
image.

Luminance Keying

Luminance Kkeying involves specifying a
desired foreground luminance level;, fore-
ground areas containing luminance levels
above (or below) the keying level are replaced
with the background image.

Alternately, this hard keying implementa-
tion may be replaced with soft keying by speci-

fying two luminance values of the foreground
image: Yy and Y, (Y], < Yp). For keying the
background into “white” foreground areas,
foreground luminance values (Yrg) above Yy
are replaced with the background image; Yrg
values below Yj contain the foreground image.
For Ygg values between Y} and Y, linear mix-
ing is done between the foreground and back-
ground images. This operation may be
expressed as:

if Ypg > Yy
K =1 = background only

lf YFG < YL
K =0 =foreground only

ifYHZYFGZYL
K = (Ypg— Yp)/ (Vi - Vi) = mix

By subtracting K from 1, the new lumi-
nance keying signal for keying into “black”
foreground areas can be generated.

Figure 7.17 illustrates luminance keying
for two YCbCr sources. Although chroma key-
ing typically uses a suppression technique to
remove information from the foreground
image, this is not done when luminance keying
as the magnitudes of Cb and Cr are usually not
related to the luminance level.

Figure 7.18 illustrates luminance keying
for R'G'B’ sources, which is more applicable
for computer graphics. Ypg may be obtained
by the equation:

Yrg = 0.299R" + 0.587G" + 0.114B’

In some applications, the red and blue data is
ignored, resulting in Ypg being equal to only
the green data.

Figure 7.19 illustrates one technique of
luminance keying between two digital compos-
ite video sources.
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Chroma Keying

Chroma keying involves specifying a desired
foreground key color; foreground areas con-
taining the key color are replaced with the
background image. Cb and Cr are used to
specify the key color; luminance information
may be used to increase the realism of the
chroma keying function. The actual mixing of
the two video sources may be done in the com-
ponent or composite domain, although compo-
nent mixing reduces artifacts.

Early chroma keying circuits simply per-
formed a hard or soft switch between the fore-
ground and background sources. In addition to
limiting the amount of fine detail maintained in
the foreground image, the background was not
visible through transparent or translucent fore-

ground objects, and shadows from the fore-
ground were not present in areas containing
the background image.

Linear keyers were developed that com-
bine the foreground and background images
in a proportion determined by the key level,
resulting in the foreground image being atten-
uated in areas containing the background
image. Although allowing foreground objects
to appear transparent, there is a limit on the
fineness of detail maintained in the fore-
ground. Shadows from the foreground are not
present in areas containing the background
image unless additional processing is done—
the luminance levels of specific areas of the
background image must be reduced to create
the effect of shadows cast by foreground
objects.
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If the blue or green backing used with the
foreground scene is evenly lit except for shad-
ows cast by the foreground objects, the effect
on the background will be that of shadows cast
by the foreground objects. This process,
referred to as shadow chroma keying, or lumi-
nance modulation, enables the background
luminance levels to be adjusted in proportion
to the brightness of the blue or green backing
in the foreground scene. This results in more
realistic keying of transparent or translucent
foreground objects by preserving the spectral
highlights.

Note that green backgrounds are now
more commonly used due to lower chroma
noise.

Chroma keyers are also limited in their
ability to handle foreground colors that are
close to the key color without switching to the

background image. Another problem may be a
bluish tint to the foreground objects as a result
of blue light reflecting off the blue backing or
being diffused in the camera lens. Chroma
spill is difficult to remove since the spill color
is not the original key color; some mixing
occurs, changing the original key color
slightly.

One solution to many of the chroma key-
ing problems is to process the foreground and
background images individually before com-
bining them, as shown in Figure 7.20. Rather
than choosing between the foreground and
background, each is processed individually
and then combined. Figure 7.21 illustrates the
major processing steps for both the fore-
ground and background images during the
chroma key process. Not shown in Figure 7.20
is the circuitry to initially subtract 16 (Y) or
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Figure 7.20. Typical Component Chroma Key Circuit.
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Figure 7.21. Major Processing Steps During Chroma Keying. (a)
Original foreground scene. (b) Original background scene. (c)
Suppressed foreground scene. (d) Background keying signal. (e)
Background scene after multiplication by background key. (f)
Composite scene generated by adding (c¢) and (e).
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128 (Cb and Cr) from the foreground and
background video signals and the addition of
16 (Y) or 128 (Cb and Cr) after the final output
adder. Any DC offset not removed will be
amplified or attenuated by the foreground and
background gain factors, shifting the black
level.

The foreground key (Kpg) and back-
ground key (Kpg) signals have a range of 0 to
1. The garbage matte key signal (the term
matte comes from the film industry) forces the
mixer to output the foreground source in one
of two ways.

The first method is to reduce Kg in pro-
portion to increasing Kpg. This provides the
advantage of minimizing black edges around
the inserted foreground.

The second method is to force the back-
ground to black for all nonzero values of the
matte key, and insert the foreground into the
background “hole.” This requires a cleanup
function to remove noise around the black
level, as this noise affects the background pic-
ture due to the straight addition process.

The garbage matte is added to the fore-
ground key signal (Kgg) using a non-additive
mixer (NAM). A nonadditive mixer takes the
brighter of the two pictures, on a sample-by-
sample basis, to generate the key signal. Mat-
ting is ideal for any source that generates its
own keying signal, such as character genera-
tors, and so on.

The key generator monitors the fore-
ground Cb and Cr data, generating the fore-
ground keying signal, Kpg. A desired key color
is selected, as shown in Figure 7.22. The fore-
ground Cb and Cr data are normalized (gener-
ating Cb” and Cr’) and rotated 6 degrees to
generate the X and Z data, such that the posi-
tive X axis passes as close as possible to the
desired key color. Typically, 8 may be varied in
1° increments, and optimum chroma keying

occurs when the X axis passes through the key
color.

X and Z are derived from Cb and Cr using
the equations:

X=Cb' cos6+Cr'sind
Z=Cr cos®—-Cb’sin 6

Since Cb” and Cr’ are normalized to have a
range of 1, X and Z have a range of +1.

The foreground keying signal (Kgp) is
generated from X and Z and has a range of 0-1:

Kp =X~ (|Z]/ (tan (0./2)))
Kgg = 0if X < (|Z|/ (tan (0./2)))

where o is the acceptance angle, symmetri-
cally centered about the positive X axis, as
shown in Figure 7.23. Outside the acceptance
angle, Kpg is always set to zero. Inside the
acceptance angle, the magnitude of Ky lin-
early increases the closer the foreground color
approaches the key color and as its saturation
increases. Colors inside the acceptance angle
are further processed by the foreground sup-
pressor.

The foreground suppressor reduces fore-
ground color information by implementing X =
X — Kgg, with the key color being clamped to
the black level. To avoid processing Cb and Cr
when Kgg = 0, the foreground suppressor per-
forms the operations:

CbFG =Cb- KF