Understanding Serial Digital
Video Bit Rates

1.0 Introduction

The technical requirements for digital transport of video sig-
nals are described in standards issued by the Society of
Motion Picture and Television Engineers (SMPTE). Transport
of these signals over point-to-point serial links is referred to
as Serial Digital Interface (SDI) and is specified by, among
others, SMPTE 259M (standard definition video signals),
SMPTE 292M (high definition video signals), and SMPTE
424M (3 Gb/s high definition video signals). These standards
originally envisioned only the transport of uncompressed dig-
ital video; since their publication they have been adapted to
standardize the transport of other signals and other types of
data.

Because SDI was designed to apply to a very narrowly-de-
fined class of signals the transport protocols are quite straight-
forward. The objective of this application note is to explain the
basis for the bit rates used in SDI. This will lead to a deeper
intuitive understanding of the nature of the SDI signal. Un-
derstanding the SDI signal will help the engineer design ro-
bust serial digital video systems.

2.0 Elements of a Video Signal

For a full explanation of the generation and characteristics of
an analog video signal the reader is referred to any of several
excellent references on the subject [1] [2] [3]. Encoding a
moving image in the form of an electronic signal is actually
quite complex due to the many ways in which it might be (and
has been) accomplished. This application note focuses on
just a few of these encoding schemes, but the reader should
bear in mind that many other schemes exist. The general
principles described in this application note can be applied to
most of these schemes in a straightforward manner.

A color television picture can be encoded in any of a number
of color spaces. The Red-Green-Blue (RGB) color space, for
example is widely used. Three signals are required to encode
a color television picture in this color space, each containing
the instantaneous amplitude of one of the color components
as a function of time.

The first television receivers did not display color pictures.
When color television signal encoding became widespread it
was defined so that black-and-white television receivers
could display the color television pictures (albeit in black and
white). So a color space was used that divides the color com-
ponents between a luminance, or brightness, channel (which
is all that black-and-white television receivers can display)
and two chrominance, or color difference, channels. This is
the YCbCr color space. Luminance is often designated by
luma and chrominance by chroma.

For broadcast television, the video signal is modulated onto
an RF carrier. This modulated carrier is what is transmitted by
the television transmitter. The baseband signal imposed on
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this carrier consists of (1) the luminance signal encoding the
brightness variation of each pixel in the video raster and (2)
a color subcarrier centered at approximately 3.58 MHz onto
which are modulated, using 1/Q Modulation, both chromi-
nance signals. A black-and-white television receiver removes
the RF carrier, producing a baseband signal, and then filters
out (or just ignores) the color subcarrier, producing the lumi-
nance signal which is all it can display.

The above descriptions hold for NTSC broadcast television,
used in the United States until June, 2009. Other systems are
used elsewhere, but the basic ideas are the same. The
chrominance signals are easily separated from the luminance
signal. The chrominance signal generally has a narrower
bandwidth than the luminance signal because it encodes in-
formation for which the human eye has less spatial resolution.

Other elements of the television picture encoding scheme
such as vertical and horizontal blanking, timing reference sig-
nals, color subcarrier reference signals, etc. are described in
the references.

3.0 Digitizing a Video Signal

This suggests some simple ways in which one might digitize
a video signal. One possibility is to sample the baseband sig-
nal including the color subcarrier. This is called composite
sampling. A second possibility is to digitize each of the com-
ponents of the signal in turn and interleave the samples. This
is called component sampling. One could also envision digi-
tizing either the luminance and chrominance components
described above or the underlying individual color signals.

Since the chrominance components carry less information
than the luminance component it is possible to sample them
at a lower sample frequency than the luminance component.
This is not true if the RGB color space is used and the indi-
vidual color components are digitized.

All of these methods are supported in SDI. This, in essence,
is what an SDI signal is. It is a digitized video signal including
very little extra information. The bit rate used to transmit this
information is determined by the video content.

It is significant that so little extra information is required for
SDI signals. Address headers are not necessary since trans-
mission is from a single source to a single receiver (point-to-
point) or from a single source to multiple receivers (multi-
drop). Error correction overhead is minimal since the channel
is well-controlled and single bit errors may not even be noticed
in the displayed video signal. Timing reference signals, which
are also present in the analog video signal, are always in-
cluded. Error Detection and Handling information may be
included [4]. Most of the signal, though, is just digitized video
information. The sampling and serialization process is repre-
sented graphically in Figure 1.
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4.0 Derivation of the SDI Bit Rate

An Excel® spreadsheet showing example bit rate calculations
is available from the National Semiconductor web site: http.//
www.national.com/sdi. An example of the calculations from
this spreadsheet is shown below in Figure 2.

The key elements to be considered when using the spread-
sheet are as follows:

1. whether the signal is digitized as composite video or
component video (there are standards for digitizing
YCbCr and RGB components)

whether the signal is interlaced or progressive

whether the frame rate is 50 Hz, 60 Hz, or 60/1.001 Hz
the number of lines per frame

. the sampling rate

Many serial video formats use 10-bit samples. SMPTE 425M
and SMPTE 274M call out a 12-bit sample standard. One ex-
ample of a video standard with 10-bit samples is 1080p60.
When the signal is interlaced, two fields are transmitted for
each frame of video. For a progressive signal, each frame of
video is transmitted as a single field. The 1080p60 standard,
for example, calls out a progressive video standard which
transmits each frame of video as a single field, at 60 frames
and 60 fields per second.

Notice that for video formats digitized as composite video
there is only one sample rate — the composite video signal is
digitized at that sample rate. For component video there are
(sometimes) two sample rates — one for the luma component
and one for the chroma components. Where the chroma com-
ponents are sampled at half the sampling rate of the luma
components this is called a 4:2:2 sampling structure for his-
torical reasons. Where the sample rates are the same for the
luma and chroma components this is called a 4:4:4 sampling
structure. The standard 1080p60, for example, has a 4:2:2
sampling structure. The number of lines per frame is related
to, but not identical to, familiar video standards — for example,
1080p60 has 1125 lines per frame. Only 1080 of them are
visible.

The sampling rate for the signal is chosen so that the signal
can be sampled without aliasing. The information content of
each component determines the required bandwidth for each
component. The information content is determined by the
number of samples per video line, the number of video lines
per frame, and the frame rate. For 1080p60, for example, the
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luma component is sampled at 148.5 MHz and each of the
two chroma components at 74.25 MHz [5].

Using the elements above the bit rate can be calculated. The
following symbols are used in the calculations.

N; = number of fields per frame — this is 2 for interlaced
formats, 1 for progressive formats

R; = frame rate in Hz (frames/second)

Riieiq = field rate in Hz (fields/seconds) = R; x N;

N, = number of lines per frame

N, = number of samples per line

fy = sampling rate in number of samples/second for composite
video signals

fy = luma component sampling rate in number of samples/
second

fsc = chroma component sampling rate in number of samples/
second
N, = number of bits per sample (10 bits/sample for all the
video formats in )
R, = bit rate in bits/second
For composite sampled video, the bit rate is just the number
of bits per sample times the number of samples per second.
R, =N, x fg

For component sampled video, the bit rate is just the number
of bits per sample times the sum of the number of luma sam-
ples per second and twice the number of chroma samples per
second (assuming 4:2:2 sampling structure).

R, = Ny x (fg + 2fy,)
The number of samples per line, not all of which will be visible,

is given by the following for component video signals (assum-
ing a 4:2:2 sampling structure).

(fy + 2f,)

_ SC
T
N, x R
30090810
Itis possible to have the number of samples per line available

but not the sampling rate. In this case, the bit rate is given by
the following:

Rp = Np x N; x Ry x Ng
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5.0 Conclusion

Serial Digital Interface bit rates can be computed in a simple
manner from the characteristics of the video signals to be
transmitted. This is a simple, but profound, characteristic of
SDI signals. Understanding the basis for the bit rates of SDI
signal provides valuable insight into how these signals are
generated, transported, and displayed.
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