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MPEG encoding techniques
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Digital Handhook

Transition to Digital

Video compression
BY JM BOSTON

emember when we used to baild

television facilities? We would
string coax arcund and cerménare It
evenmally in an AM transmimer. At the
same tme we would lay an audio web
on top of the video. This asdio layer
would eventually terminare in a FM
transmirer bult into the same box that
boused the AM half Today, it seems we
are building, data facilities that happen
tw be wsed for elevision, Sure, the
onginal two layers are sill there, bus
now they are wrapped with mumerous
other layers, These new layers include
50 amvd HD digital video paths, AES
paths, and & web of dara nfraseructure.
Because these new paths contain digital
dara, the bandwidth requirements have
exploded, It is likely that digital would
still be found only m a few niche
applications today if JPEG (followed
by MPEG) had not come along,

MPEG's place today
Mot many have decided (yet) to move
MPEG around their facilivies, But

FRAME GRAB

A look at tomomow's technology

MPEG can be found ai most of the
bandwidth choke poinms that degiral
creaces. These poings are generally any
paths into or out of the faclity, along
with paths leading vo or from digital
video storage. Digital baseband video
creates too many bits o cope with in

dimension (MFPEG B, P frames). Spa-
tal compression is accomplished by
converting video from the ome do-
main o the frequency domain, and
then eiminating frequensy compo-
nents that are not noticed (hopefully).
{5ex Figure 1.) In reality, some lossless

Digital baseband video creates too many bits
to cope with in some paths, at least from an

economical standpoint.

some paths; at least Fom an econom-
ical standpoint. Methods were de-
vised o0 creste bar streams with just
cnough bis 1 adequatcly describe the
video or audio content, This is done
by throwing away some of the infor
mation in the picture, hence losay
compression. Compression is done in
the apatial dimension (JFEG, MPEG 1
frames), and in the temporal of time

The networked home

Wireless networking technology will network home syslems
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compression is abo performed after
the lossy compression, Temporal com-
pression s sccomplished by looking
at differsoces between 1 (anchor)
frames, Theie diffcrences are wsed 1o
create motion veorors. Yideo blocks
from carlicr frames thar have moved
arc mob sent again. Insecad, mothon
vectors describing where this earler
video has moved are sear. Also a
differential picture is created berween
the previous anchor and the corrent B
or P frame. Both these data scts arc
then compressed, JPEG (1 frame) spa-
tiol compression can deliver good
gquality video at up o cight times
compression, MPEG emporal com-
pression can increass the compression
rate by another factor of fve.
However, there are izsues before any
compression takes place that can play a
great part in the fnal quality of the
video in the compressed bitstream,
MNowe makes compression engines work
very hard. Randomness breaks com-
pression systeme, and nothing is a8
random a8 noise. Some MPEG encod-
ers provice an indication of DCT coef-
Ficient quantification. Whar does thar
mean? DCT is the procest thae takes
blocks of video from the time domain
to the frequency domain. The coeffi-
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Table 1. Theuncompressed bit mis is hased on the num b of samples, (e numiber of bits

par sample and the asmpling sirsctirs e,

cients In essemce are vahses chat de-
scribe the valoes of et neec-
ed to reproduce the video block. This
is moch like the frequency values
produced by a Fourier transform. If
the DCT process creates (oo many
coefficients, the encoder increases the
value by which all the coefficients are
divided or scaled.
The higher the di-
viding number, the
more likely that co-
cfficients will be
rounded to zero af-
ter division. Moise
increases these coefficient values, with
the result being that everything must
be compressed further to fit within 2
given bandwidth.

Sampling

Another issue thar affects compres-
ston & chroma mbsampling. SMFTE
259 subsamples the chroma at kalf the
luminance rate. 'We have always sent
less chroma information than lemd-
nance formation. NTSC provides
considerably less chroma info than
luminance, This was done because
our eyes are less senmtive to chromi-
nance than luminance. SMFTE 25%
digital component ases the 4:2:2 sam-
pling scheme. This means thar there
are half the chroma samples of lum-
nancs samples per bonzontal line, But
vertically there is no chroma subsam-
pling. To allow for chroma subsam-
pling in both the horizontal and verti-
cal directions 4:2:0 & offered. One
method is a quincunx partern in that
on odd horizontal lines you thiow
away even chroma samples, and on
even lings the odd chroma samples are
dropped. This creates an interleaved
4:1:1 sample rare. {S¢¢ Figure 2.
4:2:0 sampling creates 15 perdent less
data than 4:2:2 sampling. 50 an argo-
ment arase as to whether it is better
under-sample the chroma information
up front and therefore end up with less
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information fat least for chroma) to
compress. O is it better mo have more
chroma info 1o gtant with and o com-
press a lirtle harder. The EBU and the
CBC addressed that issue a couple of
years ago. They found that picrure
quality was essentially the same (4:2:2
slightly berter) onless the bir rates got

Randomness breaks compression systems,
and nothing is as random as noise.

extremely [ow, Then 4:2:0 had a slight

advantage.

But what was borne out in the test
was that with multiple compression/
decompression cycles 4:2:1 became
the clear winner. This illuserates that
starting out with more 5 sill berer
forget why we buy broadcast-quality
equipment instead of industrial or con-

sumer stuff. The transfer funcrion,
comparing the ogtput o the input, is
mulmlm:nymlngbuu,ﬁam
pass through & hﬂhﬂtﬂ a sligh:
reordering of frequencies and phase,
and usually some rolloffl of the high
end of the spectrum. The mare infor-
mmation yoa start with means the more
you will end up with. Mow wath dig-
ital, once we're m that domain and we
make no changes, we should incur no
change as we cascade through digital
baxces. But it is at points were we make

pact the video.
When we talk levels

in MPEG we mean

 mmple structure and

bit rate. m; structure and bit
rate have a great effect om how
many times we can compress and
decompress before the quality gives
out. MPEG profiles refer to the tool
sets available for temporal (time)
compression, incloding [, B and P
frames, Morg B and P frames be-
tween [ frames (long GOPs) means
that frames towards the end of the

co 1 =2
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Figure 1. Wnen discrete cosine transiorm [DCT) is performed on a signal, time domain
]

Infermntion |a transformed info frequency domain deta. In & typloal video
majority of the frequency componants can e discribed by & singls

coniiicient (C0),

harmanics are then described using additional costficlents (C1-5). Esch additonal

coafficient requires exira bandwidin.
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depends on the way the sampling structure s defined,

GOF will become less exacting ver-
sions of the original video, Multiple
compression/decompression cycles
only exacerbate the situation. Re-
quired bitrates to get the job done
are a rapidly moving target. Contri-
bution rates are still generally high,
20Mhfs and above. These high bit
rates insure that the received video
can be acted upon, stored, taken to
baseband and back a few times and
stay reasonably intact, Bit rates sent
to the end user can be quite a bit less
because they are expected displayed

by the user and discarded. What
happens when DTV VCRs finally
come on the scene is an unanswered
question, Many are sending virtual
SD DTV programs at EMb/s, while
others think technology has reached
the point where 6Mb/e is good
enough. On the HD side 15Mb/s is
often ussd, but some are srarting to
look to 12Mbfs as enough.
Many seem to think that working
with digital video today means the
in the past are no longer needed. This

simply is not true. What you do in the
analog, and digital domains, along
from the basehand to compressed do-
mains will mean that yoor product
will stand out from your competitors,
either favorably or as an example of
rot what to do. [ |
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