P. J. Marchant, C.Eng., MIERE
Independent Television News Limited

DICE at ITN

Summary

Ieital standavds cowversion began at ITN in 1973 when
the first all-digital converter (325 NTSC to 625 PAL),
buelt as a labaratory protolype e the Dndependent Broad-
casting Authority, was delivered and installed. Later,
May 1975, TTN 1ok delivery of a two-way DICE con-
verter alvo designed and buslt by the THA,

Much expersence fas been patned in the operation sid
maintenance of INCE fn the cowrse of running an inter-
nattomal sandards conversion facility service as well as wse
Jor TTN's ownt nevs requiremients,

The quality of the converted pietuve &5 el that @
wwonld be verv hard to improve wpon it, and 1t causes one to
q'm-,rﬁ'rm Hm' :lriram!}' !.9" amm."run'ng Pqufpﬂrﬂ.'.r.

Maintenance of this highly-complex device, employing
a’:_’gffm' fer!me'quf.t whch are as et r.r.lr_;l'-ﬂmﬁfdr ter aost
television engineers, is aided by special testing jizs,

The DICE Digital Standards Converter, capable of
converting in both directions between 323-fine NTRC
and 623-lme PAL wr SECAM, ¢ now manufactuved by
Marconf Communication Svstems Limited,

Introduction

Independent Television News Limited produces the
national and international news programmes for all the
commercial television companies in the United King-
dom. It is also a part-owner in UPITN, the international
I'I(f".’r'HFIll'n ch‘nﬂ}'.

ITN House is the facilities centre from which it
broadeasts, These 1.'.[:1]1{1[{."“1&1‘!'!‘.3!'}' roles of facilities
company and specialist broadeaster provide a service to
hirers that 1s unigue in experience and equipment.

The facilities company, I'T™N House, not only oper-
ates and statfs television, sound and film equipment for
the exclusive use of hirers but also draws on the wide
range of equipment and experience of the broadcaster
and the newsfilm agency and offers a complete televi-
sion, film and sound service in London 365 days a year.

Digital standards conversion was first used oper-
ationally inearly 1973, when a prototype one-way DICE
was installed at I'TN, Later, in 1975, the design having
been finalized, a secomd DICE two-way converter arri-
ved and, since then, all standards conversion at I'T'N
between 523 and 625 and vice-versa has been digital.

The arrival of a DICE places new demands on both
the mamtenance cngim.‘.:rr and on the r:x'::.-‘.lil'lg analngm-
monitoring equipment, The I'TN approach to some of
these problems s deseribed in later sections of this
article.

Source: Communication & Broadcasting - Autumn 1976

History of standards conversion

Standards conversion is not a new process; it frst
became a necessity in the United Kingdom with the
feunding of the 'Eurovision Link' in 1954, At that
time:, the UK television AVEECTN Was entirely 415 hnes,
S0 felds per second, whilst on the continent of Europe
bath 62550 and $19/50 were in use, Thus any inter-
change of programme material other than film for
direet transmission meant that standards conversion
was needed. Farly standards converters were of the
image transfer tvpe and, of course, were monochrome
anly.

Since those first problems of svstem incompatibility,
ane might have thought thae the television standards
of the world would gradually be rationahized to possibly
twa systems, one for countries with 50Hz mains supply
and one for 600z, However, that is far from what has
happened, and all oo frequently yet more variations
have been introduced, not for technical reasons, but
very often because of social and economic factors,

In 1966 I'TN bought its first conversion equipment
which was an image-transfer converter. Later, 1I'TN
cwned and used various other converters like the BRC-
designed analogue line store standards converter, The
line store converters converted from 405/510F to 62530
and vice-versa. This was the first all-electronic stand-
ards conversion equipment and it provided a great leap
forward in tetms of picture quality.

Such line store standards converters are still in
service today providing H5 line moenochrome signals
to the remaining 403 line BRC and I'T'Y transmitter
networks. Considerable expertizse iz required from the
maintenance staff in order to optimize the performance
of these converters.

As an exercise in the use of digital techniques, in
19790:71  the Independent Broadcasting Authority
(IBA) designed and built a digital line-store converter

The superior performance of this converter, achicved
without the need for adjustment, confirmed the value
of the digital approach. It gave the TBA engineers an
nppn;:;iatiur: of the Ti_t::hnu::l]og}' that was later to be the
basis of DICE.

It was not until the advent of videotape as the
prime programine recording medium that broadeasters
were faced with the need to convert between television
ayatems with differing field rates. Onee it became
poasible to store a programme on videotape, that tape
could be flown across the Atlantic. Hence converters
now had a new problem, The optical or image transfer
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Fipure 1. The first DICE instalfed at ITN

type of converter was readily adaptable to this, although
its picture quality was far from ideal. In 1968 analogue
colour-capable field rate standards converters were
built and for a long time provided virtually the only
means of converting between NT'SC and PAL. I'T'N
purchased this variety of machine in February 1970 and,
for three years, it worked very hard both for TTN's
news requirements and as a hireable facility for many
TV stations around the world, There were certam
'uu.'ﬁv:;l}:uhle prnh-lt:mﬁ with this device but these were
mainly confined to signal-to-noise ratio and movement
judder.

Finally, an all-digital converter was designed and
built in the engineering laboratories of the Independent
Broadeasting Authority 2% This prototype of the now
well-known DICE was a one-way (525 NTSC to 625
PAL) converter and this actual prototype was installed
at I'TN in February 1971 (figure 1). For the first time in
the history of standards conversion a level of perfor-
mance had been achieved whereby subjective assess-
ment of picture quality revealed hardly any discernible
differences between input and output.

The achieverment of the [BA in achieving this tri-
umph of engineering must be applauded, especially az a
major part of the device employs the latest digital
techniques never before applied to television,

F{quu'e 2 00CE, the latest feon-tray TErETON

Having gained enormous experience from building
thiz first digital converter and alse from operational
EXPETIENOE g:n'm:d at I'TK, the IBA -:ln:sign team went
into action again and produced a two-directional
digital converter; 525/025 and 625,525 (figure 2). This
converter can be arranged to convert either NTSC to
PAL or NTS5C to SECAM and r.m'wersri}' SECAM to
NTSC or PAL to NTSC. This latest version of DICE
is now manufactured and supphed by Marconi Com-
munication Systems Lid,

Cin cl:!np]uii[m, the Lwir=way DICE was delivered 1o
I'TN in May 1975, Since that date I'I'N has provided
an all-digital conversion service for its news program-
mes and for the many customers world-wide who come
tor [N For its standards convérsion service,

What is a DICE
DHCE i an acronym for Digital Intercontinental Con-
version E[]ulplur:nt. In brief, it is a prfdnminanti],'
digital television standards converter capable of con-
verting either way between 525 N'TSC and 625 PAL.
It can alzo be arranged to handle SECAM as well as
PAL or instead of PAL.

The input signal is treated in different ways accord-
ing to the direction of conversion. If the input signal is
525 NTSC then it is immediately sampled at three
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times the WTSC subcarrier frequency to produce a
stream of 8-hit parallel binary words coresponding to
the amplitude of the waveform at each sample point,
This data is then wntten alternately inte each of two
MOS shift register field stores.

Imagine an object moving across the screen from
A to B In 525 N'TSC the object will be shown in 6()
discrete positions every second but, after conversion,
the same object must be seen to move in the same
manner but now taking up only 50 discrete positions
m moving from A to B.

In order to achieve this movement interpolation the
mformation that has been written alternately into the
two field stores is now resd out simultanecusly from
them and is combined with suitable scaling factors,
New television ficleds are thus produced at the correct
n‘.ln_'titil:un rate.

An analogous svstem of ling interpolation is used to
mcrease the number of lines per picture from
625,

A process of digital ‘comb filtering’ is emploved
o separate Y, I and O information which 1s then fed
tir three digital-to-analogue converters. The base-band
Y, T and € signals are then re-coded to the output
standard, 1.e. PAL or SECAM.

For conversion from 625 . the
manner i which the signal iz handled iz somewhat
different.

The input signal, whether it iz PAL or SECADM, is
firat decoded into the base-band Red, Green and Blue
components, These RGE signals are matrixed to form
I and 0 which, together with the input ¥ }iiguaL are
then passed to three analogue-to-digital converters.
Y, I and (} are then digitized into three sets of parallel
B-hit words, which are multiplexed and fed into the
line interpolation system,

Lane interpolation is carried out before writing
into the field stores because it reduces the size of store
requirmi by 207, . At this stage, the s-ignal = TL':I“_'.' of
the form 525 lines 50 ficlds per second. After hne
'E11|:L:r|1n|:3tirm the data 15 written ﬂ][l:rllal'l_']j.-' into the
two field stores and then read out at a time and speed
dictated by the output reference svnchronizing signals,
Movement interpalation is then apphed which mamu-
factures the extra felds of information that are re-
quired to bring the 523/50 signal up to 525/6(),

After this stage 1s reached all that remains to be at-
temded to iz the re-blanking of the signal and the

digital-to-analogue conversion back to KTSC,

525 to

standards to 525

Operational experience of DICE

In earlier dayvs of standards conversion quite con-
sicderahle Fl'ii.ihlﬂ.' distortions  were iICI:E'[‘rtI:d because
there was no alternative if the programme material
was to be shown at all. Nowadavs when the quality of
conversion ig nearly perfect, engineers and viewers
alike are hm:mning very critical, and one wonders
whether the output picture has in fact to be better than
the input picture before standards converted program-
mes will be considered satisfactory! Now that the

BROADCASTING AUTUMN ]l._]'jﬁ

Figwre 3. Mowitaring equipinent vachs

|::|I_2|;'I,iil‘:l.-' of conversions 15 so good there docs seem to be
a trend for ]:L‘nplt Loy expect identical input and OUTfrL
picturcs. This is not possible, however, owing to the
differing luminance bandwidth of the televizion stand-
ards,

The ACCUracy w ith which colour hue and saturation
is converted is such that a new order of performance
i5 required From the decoders which are used to digplay
the input and output picturcs, 1F the input and output
hues are to remain within one of two janad. of each
other then the phase stability of the N'TSC decoder
must be better than 2° for all mains supply voltage and
other environmental variations, This 13 indeed a tough
test of 3 decoder and 15 only one of the parameters
that needs careful attention. There is at first a very
natural tendency to believe that any differences of hue,
saturation, definition or ringing, etc., seen on the screcn
are attriburable wo the converter. Experience has shown
that the level of distortion in DICE is so small that for
any noted i1|1;m1'rnu:nt one has first to ascertain to what
degree it 1z being caused or worscned by ancillary
COupImEnt.

Apart from colour bars, a generally useful test signal
for use with DICE 15 the monochrome sawtooth as i
readily shows up typical digital defects, Because colour
bars can be misleading, it iz best to check DICE per-
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formanece before on-air use with real picture signals.

There are no operational controls that have to be
adjusted for best performance during conversion and,
as such, it might be natural to regard the converter as a
‘black box” which is to be inserted in series with the
signal to be converted. Since normally no corrections
can be applied, it might be argued that there is no need
to have colour monitors permancntly assigned to the
mput and output of DICE. This has not been the
policy adopted at UEN and, in feet, a8 purpose-built
monitoring rack has been installed in the converter
area (figure 3). Customers converting  prestigious
programmes need convineing, under good wviewing
conditions, that IMCE really does prnn;]ur:t: ]_‘.ui-c'uurus as
pood as they have perhaps read about. The monitors
theretore, take on a rather negative role — that of show-
INE 140 eTFOTs.

Controls giving some adjustment of gain, lift, chroma
and so on, can be switched in o deal with loss of
quality of the input signal, bt these are rarely used at
ITN.

Another arca where some problems have arisen is
in waveform timing. Complaints have been made to
I''N that the lime-blanking interval on a series of
conversions from 523 N'THC to 625 PAL had a dura-
tion of 13 microscconds (1.¢, 3 microsceonds too long).
This turned out to be due to the chigmaf 525 material
having a line-blanking interval of 14 microseconds
imstead of 11 DICE naust of course assume that mput
blanking will be nominal and therefore beginsg con-
verting at the nominal start of active picture. Thus, if
the input blanking encroaches into active picture time,
then the excess l‘JlanLiJI;: will be converted and wall
appear as excessive output blanking, Hence careful at-
teittion must be paid to conformation with PAL,
NTSC and SECAM system specifications at the input
end of the converter. Unlike image-transfer converters
there are no line-acan controls with which to stretch
the picture to fill the sereen.

Maintenance
The i[1t'|ZIHL'1. of :hglmE television came with full foree
when the first DICE was delivered to ITN. Suddenly
we had an extremely complex piece of cquipment using
almost entirely digital circuitry. More or less overnight
it became one more of the many and diverse pieces of
equipment that had to be maintained te very high
stanclards with, if possible, zero down time |

One way of tackling the challenge of maintaining
this largely new apparatus would have been to take
onto the ITN staff a person with experience in this
field. This was not the solution adopted and the exist-
ing engineers quickly came to terms with the new tech-
migues. This was aided by some of the maintenance
engineers attending informal training sessions at the
[BA lahorataries. (F course, some of the rack space
occupied by DICE contains familiar analogue items:
coders, decoders, in;mt and output :!mpljﬁcrs__ power
supplies and so on.

The process of diagnosis, repair and test of many

L3

parts of DICE is aided by special test jigs. In particular,
mention should be made of the Arithmetic Tester
and the Store Board Tester. In the various interpolation
processes that occur in DICE there are many digital
adders, subtractors and multipliers, To test these
manually would take many hours per unit and so the
arithmetic testers were provided. In this tester, if rising
or static binary numbers (A and B) are applied w
the inputs of, say, an adder, the output would always
represent A B, In an 8-bit-wile system there would
be 312 possible answers, and 65,536 possible answers
for a multipher. Obwvigusly, 1t 15 just not feasible to test
these units manually and so the output of such units is
routed to a digi.ml—m—nnﬂr:gmr converter and  then
displayed on a monochrome picture monitor. Errors
can quickly be spotted by ohserving any discontinuities
in the various patterns produced (figure 4). The other
major test jig is the Store Board Tester, This is a device
that tests the shift register stores which make up the
two felds of storage in the converter, The ;‘l[‘int{:d-
circuit boards are simply plugged into the tester one
at & time and various automatic tests are applied,
LED indicators show which particular shiflt register or
registers are not performing properly. 1t is imteresting

Figure 3. Using the Roving Digital-to- Analopue converter
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to note that it has been found from time to time that the
tester indicates a fault when, in fact, that particular
store board works perfectly in the converter, However,
a few days or weeks later that same printed-circuit
board has actually failed. This shows the tremendous
power of the test jigs and so allows for some pre-
ventative maintenance to be carried out,

A further useful aid in the investigation of fault
conditions is the 'Roving DAC’. This is a digital-to-
analogue comverter connected to a video monitor. To
use this device a circuit board is removed from the
converter and the 'Roving DACT input lead is inserted
into the now vacant edge connector socket (figure 5).
Inn this way the imcoming data can be checked. Onee
again the power and speed of thiz method must be em-
phasized. It would be an awesome task to have to study
an 18 Megabit-per-second data stream on an oscillo-
scope in the hope of recopmizing an error.

Having traced the fault to a particular board a work-
ing spare is substituted. The fault can then be repaired
under less trving conditions and in a slow, logical man-
ner using conventional techniques such as voltmeters
and ozcallozcopes,

The process of fault finding and eventual repair
is considerably aided by the truly excellent handbooks
that are supplied with the converter. In a methodical
manner the handbooks and circvit diagrams enable the
engineer to trace and eliminate the working or non-
working parts of the converter and so to gradually con-
verge on a faulty hoard. This board is then replaced by
a spare and the detailed diagram of that board then
enables component-level maintenance to take place.

The converter has much in common with the digital
computer, and, as a computor engineer would know,
great care must be exercised when making tests and
measurements on the working equipment. This per-
haps goes without saving but it is particularly so in such
a machine as this because the power supplies are cap-
able of supplying large currents, i.c., 70 amps at 5 volts,
If a shert cirowt were madvertently put on the power
rail of a circuit board the consequences could be very
expensive!

For a television station with little or no digital equip-
ment at present the business of running an efficient
maintenance service on DICE could demand guite a
large capital outlay on spare components and eircuit
boards. However, this is greatly cased in that the same
types of hoards are used in a number of positions.
Further, the failure of some boards will not result in
complete loss of programme but only a reduction in
picture quality.

Although the down time of the standards converter
is very small indeed a fault condition which occurs
whilst converting some live event can be catastrophic.
For this reason, I'TN has purchased the necessary set
of spare circuit boards. General components such as
trunsistors, integrated circuits, ete, are, to a large
extent, already held in the I'TN technical stores.

AUTUMN 1976

Environment

At I'I'N the two tligim! converters are mstalled inoa
rather confined space which measures only 3m < 3m,
A plan is shown in figure 6. Within this Aoor area also
stands the monitoring rack. The area is air-conditioned.
and the normal ambient temperature around the eon-
verters i3 approximately 26°C, Maintaining a constant,
moderately low temperature 15 of great importance in
achieving a high reliability. Consequently it 15 the
policy for DICE to remain switched on 24 hours a day.
[deally more room would have been allocated to the
conversion area but space at I'TN, being located in
central London, s never very plentiful! A purpose-
buile maintenance bench 13 avalable nearby which
houses the gpare circuit boards in a specially designed
upstand unit from the bench.

Conclusion

DICE provides a high-quality standards conversion
facility that iz easily integrated into any existing
television station, As with any new equipment em-
ploving new techniques or components, adeguate
enginecring ability and spares should be regarded as a
hagh priority.

Acknowledgement
The author wishes to thank ITN for permission
to write this artiele,

References

o L. BEoBAaLDWIN of al; A Standards Converter Using
Ihgital Techniques’, 184 Revvere Nood, June 1973,

1. . B manmwrs et gl CIMCE: The first intercontinental
digital standards converter’, The Roval Television Sociery
Jowrsral, pp 140-159, Sept. Oer,, 1974,

W hgntel Video Processing — IJl[:l‘;", IBA Review, Mok,
Sept, 1976,

’//,,_..-,,.r..r.rtt

~
1
0 MAINTENANCE i
BENCH !
k1
i E
il o .
H
PROTOTYPE F
i oIcE /s
5 ﬁ 108 {3m) 1
L T E 4
FRONT
¥ 120 BE__ il
{3-7m) =
=
i ‘L FRONT z :
i 11
" Dice I
i s .
I
14
g
G 3
Fignre 6. Floor plan



