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Processing a digital signal can have its problems.
By Jim Boston

T h.',-'. hf:_'nlll-: CCETINREED rn.|.'| v B reber Eo |||-.::I.|.| vaiden as dars. There

s o doobr that 11 a vides stream defined i'l:. SMPTE 2596, a

sigrifican: portion of the bitstream can be devered to ancillary daa,

Although slightly less than 10MbSs are awvailable in composite

birssreams (bacely enough for four channels of embedded audhal,
meore than 55Mbfs are available for ancillary data in a component digral
stream. That's approcimarely 20% of the betstream. Currently, almiost all
of this auxiliary dara s embedded awdio,

Video as data

In the serial digital dara interface (SDD bitstream, all bigs are consadersd
data. SOOI s a serial diginal sipnal comforming to SMPTE 2590 (2T0Mbs|
vwhere the acnve videdo POETLG af The higstream is Tep -I.'l:'l.| WU |_| 1CH | his
-.i.z:..'. -:.:|-|.||J b o ary e, Bilir i's r'p'p:...lll'.' MPEG viden and .I.I.I-\.|I|h l.‘|.'.'.|
Because 4:2: XML hat a dara rare ol approxi wely 18Mbfs, and
compopent digital video has approximately 207M s of capacity, either
multiphe streams of MPEG data ar MPEG dara ae faseer than real rime can
b ==ni. The SDDT bastre=ams can PuTss throagh a geral dl:.;lr.|| Arerkace
[5DM) compenent videa path and can even be displaved on an SDI monigoe.
Although vou won't see recognizable video, vou will see the datastredin

Pheta: Digital teehnslegy, like that ehown in this production control room af
DirecTV, is the key o high-guality video and fufue HD TV mulBchannel cparation.



Keeping digital
transparent

arrayed on the raseer,

The point is that even when “base-
band™ serial digital component nideo 5
the batstream, it% helpful to thnk of
this stream as all data. In the D3P
realm, where video spends more

mistake in an analog facility. Take one
aralog framestose (ves, we all know
that internally it% a digital TEC on
steroids, but at still has analog ins and
outs) as shown m Figure 1:

#® First, feed a sigmal to the frame sync
from the ourput of a router.

# Second, make the framestore’s sutput

solves into a blur and wsually pulsates
of undulites at some rae based on the
overall resonance of the path. Not use-
ful, Let's ry the same thing, burwith an
entirely digital path. Whar happens
when the router crosspoint feeding the
frame sync i switched sothar the frame
sync sees its output? Mothing. A stll-
frame occurs. The output of the

and more of its time, this datas-
tream would often be referred 10
a5 o number sequence. Each sam-
ple of luminance or chrominance
information i just a number rep-
resenting the original intensiry val-
ve of a picture in spavial space,
The beauty of digital video is
that once the video signal 1510 the

frame sync circulates through
the router/frame sync patch for-
ever. [n fact, you can add many
other digital boxes to this path
and have the same result, Why?
Because the * number sequence™
is faithfully being reproduced
by each box in the path. In facr,
you can keep this bastream re-

digital domam, these number val-
ues should never change, not by
one literal “bie.” You shoubd be
able to send thic stream of *numbers”
or values on a neverending journey
and not have any change i their value,

Ls thar really true?! Like most sweep-
ing starements, it depends. First, lexs
descrile a scenario thar would be a

Flgura 1. Videe feedback occuns when the same signal
apppars at tha input and cutpet of a device, such as a
framestare.

and run it i the input of 2n analog rowter.
o Third, switch the crosspoing feeding
the router to the output of the
framsspare,

What happens! Video feedback, of
course. A coherent picture quickly dis-

cursively transversing through
the frame syne for many days {in
a normal “healthy™ path] and
not see any errors, How would you
know if you picked up an erroc? If it
pccurs during the actve portion of the
video, you’ll ses a “dot” appesr in the
pecture, Once that error 15 generated, it
will continuously circulate with the




Keeping digital
transparent

The actual DCT process isn't lossy in
itself, because you can end up with
miore dara thas you stared with. Hence,
the frequency coefficients are scaled o
iz ke the small-valoed ones i EC BEE0,
(Foer oce information, see * Video Com-
pression 101,” BE, February 1976.}

When the signal is returned o the
time domain and then back intw the
frequency domain of the compressed
wirld, the video dita will changs some
inore. If you contimually do this, the
amiorint of data change will diminish
expanentially, meaning thar the fifth o
sunth |.‘.|.||n.r.|._!.|: will be small :ur.n]:!a.rnl
with the first change, with one cavea
— if any part of the picture is changed
{a key lard on the existing compressed
video stcam, & wips added}, then the
exponential degradation for that arca
starts over This is only true if you stay
in the digital domain.

[f vou're going berween the analog
and digtal domains, all bets are off. Mo

VA or AD s completely linear or
perfectlyaccurate. Non-lineariry bresds
unwanred harmonics. Noise is added
in each step of rhe analog domain,
followed by quantizarion noise as you
remurn o the digiez]l domain. Tech-
niques, such as one-bic DVAs (wied o
improve accuracy when converting au-
diop can't be used fue video due to the
speeds required.

Compressed video is not the only
place where digital video can be
changed. It pums our that any domain
change introduces video data change.
Going from digital component (SMPTE
1258} 1o digital composite (SMPTE
2440 ) war wice versa Bt Lransparent; il
hias soamne cost. Jl.l.'ll becauic :ruu'n: i
the digital domain doesn’t mean that
wlml: Fl;lu.ri:r ]1.;11 1] say h ne Innﬁzr
true. Most approaches to these domain
changes involve subsampling, and thus
low-pass filenng, and in some cascs,
interpolation, Butitsdigical, it shouldn's
do that, you say. Yes, DSP techniques,
namely when applied to fikering, have
made many DVESDMEs remarkable

when it comes to video quality during
complex effscts, and DSP has made
28k and now 56k modems possible,
buceven theycantapproximate enough
poles when it comes o filtering ard
making the process completely rrans-
parent.

Additionally, if you traverse into the
compasite domain from the compo-
nent domain, you no longer have sepa-
rate luminance and chroma informa-
tion, Upon re-entering the component
realmi, you will have some of the emi-
paike in the chroma, and vice versa,
raditionally known as cooss-moduli-
tion. In situations suach as this, the
analog reference fed to these digieal
boxcs can become Imponant for mii-
muizing artifuces. All boxes should also
hawe the same reference. Whar should
be stressed here 1s thas once 1l|n|:|u"n: ina
particular domain and stay there, and
as long asnothing n the path isbroken,
vour quality shouldn't diminish, Up o
now, the main benchiciary of digial
operations has been the VTR, The of-

Contimeed on page 105



Keeping digital
transparent

Conpisrod frone page 55

fects of maluple recording gencrations
are mer longer a factor, Even WTRs thar
are doing mild compression, say 2:1 or
A1, cian go dowens of gencrations with
no nobecable arwface.

Ml bo aware that there are items in
the serial dugeal sircam ourside of the
octual video data thar can impace the
handling of the video informarion.
Many picces of equipment, such as
widens switchers, strip off nming sig-
nals, In digiral component video, there
are nio syne padses anymoce; instead
thcre are timing reference signals
(TR5s}, There isone at the beginning of
the active video for each line called
srart ol actve video [SAV) and one ar
the end of active video called end of
active video (EAV). Esch is comprised
of four words and the firs: chres ape
urngue valwes, 3FF {all Tt} and rwo sers
of 000, Thess first ewe byres are a bip
rEas0n some cquipment seip thess sig-
nals off. Once these seral bistreams
are converted to paralle dara, which
mos equipmem does for processing,
they can play haves if many video
signals arpving in a grven box have all
theis dara lines going from all on to all
aff at once. The fourth word indicates
whether the TRS i3 an EAV ar an AV,
which field of the frame you're in, and
whether you're in the verdcal iteeval.
You want the video o have rhe same
TRSvalues out of 2 box thatyou parin.

Some devices uie the video index data
on bne 14 in the verrical Blanking o
carry signal legacy informarion, helping
same squipment proceis the sighal
(SMPTE RP 186}, This dars iz hard o
see on 3 eraditional waveborm display,
beeause oaly the chrommance data is
I.Iitld, anid each woard FEprescnts nnl':,"
oneé bir of an B%-byte stream. A 0 bit i
r'!pn'tl-ﬂﬂ-nd |::|.' hex valus ll}l:l- fn:u' :l'u.-
whale vword and a 1 [‘I:F hex valoe 204,
Thiz wil'lhan:l:: 4 ke :harw in
value in the Cr, Ch signals. This infar-
mation nesds o pass 1|1.r'm.|_£]'| Mract,

Finally, another systern can be used 1o
ensure your video dara values aren't
changing between devices, This 1 the
error detection and handling or EDH
(SMPTE RP165). Devices that conform

e this reccommended standard place
active and full-ficld check words in the
korwantal Hanking portions of line
ning, which is in the vertical blanking.
Incladed are rwo words that coatan
active and full-field ereor flagi, These
flags indicate whether an
errar hos been discow-
cred at the input of a
particular box or up-
stream from thar boos,
i{For more informanion,
soe “EDH: Monitoring
Meswoarked Video, ™ BE,
Aprl 19%4.]
Because line nine is our
of the oprional video
area  described in
SMPTE 125M, a box
thatsrrips and re-irserts
TRS data and doesn't
sipport EDH will re-
imove the hisgory or er
ranrs that the EDVH datas-
tream contamed.
Digital widea has
proved to be robust,
Once placed in a partic-
ular domain, it will re-
tain the stare and guali-
tv it had when it gor
there, Each successive
domain change intro-
duces some, although
often small, degrada.

rioi, Thewe degradanions

can be kept to a mannmium by reducing
the number of domain changes o signal
must undergoasiomakes gs way through
your faciliy. [ ]

Jiraa lmﬁﬁﬁﬁmﬁ?ﬁgm:@umrﬁ;
Wirst Cisrad



