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The scoor;anying report and diagram desoribo the rethods used

%0 sokleve aynchronous working of the multiple sources

oontributing to the Sir Wiaoston Churohill Funeral LEOLTARING .
vetaile ure glven of the equipmeat used, the teohniues
Invclved and the ;raotioal results achieved. On tie tasie

cf thic sz..rience & number of conocluwions are driz and
fogovtsndetions made.

con report e lssued for ioformation and lntersst urd a
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fdpdited anmber of extre-oo;ies nre avallable 1f roquired.




at the central mixing point in St. Paul's Cathedral. Thias was
desirable sc that outting from one source to another caused the
minimm of disturbance to recsivers and revording equipments.

Apart from the 10 cameras used in the Cathedral itcelf,

there were 15 remote O.B. sites (comprising a total of 26 caneras )
and a videc tape reproduction from Television Centre. A large
number of intercuts were made between these 17 separate picture

ang syne. sources during the four-hour programme.

Tze ottached schanatic dincran ehows the arrangenent of
el nment nd ecireuits wbioh vae used te achieve sourcs
eyacnronicailon. The diagran is somewhat eirplified covpared

Jamhowhe wobual insisllation, for ifmatsace the rixers are in
woelaton Dorn and no distridubion snplifiers are shicwn, but id
Liiuetrates the prineinles and pothods used,

‘orouzaout thes report the remote sites are identified only
by their cllocated number. For interest, a list is given below
of their aotual location:

Site 1l < New Palace YTard Site 5 - Eastcheap
Sibe la «~ Gt. George Street Site 6 - Tower
Site 1b « Richmond Tarrace Site 6a - Tower Bridae

Site 2 - Trafalgar Square Site X2 - Southwerk Bridge
Jite 2a « St. James' Park Jite T « Unilever House
Site 3 ~ St. Mary-le-Strand Site 9 < Royal Festival Hall
Jite Ja ~ Bush House Site 10 - Waterloo Station
Jite A1 -« Cannon Street -

urtent ol Momnoua Workings

The waln sync. pulse generator in St. Paul's was nominated
the pagior S.P.G. and all other S.P.Gs. in the systen were made
either fully synchronous with, or carefully picture phased to, this
pulse train. This master sync. train is, therefore, referred to
as the 'reference syncs.' Fourteen of the remote sites were made
fully synchronous with the reference by slavelock methods. The
fiftesnth site, Site 2a, could not be slavelocked due to lack of
equipment and lines (this site was introduced only shortly before
the funcral) and this was, therefore y taken non-sync. into the
nixer.

The video tape input was also taken non-sync. because at
present video tape machines are not amenable to slavelock. Thae
poeaidility of looking the whole St. Paul's system to the video
tapre input was considered dut discarded as unreliable and
lupracticable. It might have been possible to lock the whole
system to the output of a Television Centre pulse chain end then
%0 Tun up the video tape machine also locked to this pulse chein.,
dovever, this would require ancther vision cirocuit from Televisior
Centre and would have increased complexity and reduced flexibility.
80 this wethod was not adopted, and non-sync. picture-phased cuts
to and from video tape were accepted.
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> av fnciples

As stuted above, 14 remote sites were slavelocked to the It. Paul's
roferonce. As the diagram shows, the slavelock method was more complex
for some sites than others. To assist the understanding of these
rpethode & brief explanation of slavelock is given below:

The slavelock system considered here is that based on the BBC
Designs Department picture synchroniser UN1/522(F). This unit is known
as a slavelook transmitter (in this ocontext) and is situated at the
master station. It contains an oseillator which generates an output
sine wvave of twice line frequency, i.e. approximately 20 Ke/s on 405
lines. This 2LF is fed to the remote slave site where it provides an
external master osocillator imput for the remote S.P.G. (these circuits
are shown in blue on the diagram). The S.P.G. pulse outputs (in green on
the diagram) are then fed to cameras, mixer, etc. at the remote site and
the resulting composite video signal (red on the diagram) is fed in the
normal way to the maater station mizer.

A% the master station a foud of this slave vision signel is fed
into tho slavelock trensmitter togother with a supply of master 8ynos.
lhe two syme. trains are compared by discrininater circuits which
detzet any tining difference and sause any error to alter the
frecueney or phase of the 2LF cecillator in such a woy es to reduce
the tinir; difforence.

The corirol is such that tle inocoming syncs. are brought into
steu with the reference, first in the pisture phase sense, then in the
iinc phase senze, so that ultimately they are brought aand held gynchronous
with the refererce within a fraction of a sioro-second. Indicator
lights fed by the transmitter show the state of lock existing - amber
meaning "attempting to pleture phase", groen meaning "attempting to
line phase"”. (Red means "attempting to mains lock" which coours in
the absence of a refersnce train.) '

The slavolock transmitter is designed so that the ch of
frequency of the 2LF oscillator can only ocour very slowly iexcept for
small phase changes where the response is rapid) so that subsequent
mechanical recording equipment will have little diffioulty in following
the change of field rate which ocowrs when pulling into piocture phase.

The 2LF signal sent to the remote site travels over & normsl
balanced sound pair, but it is nesessary to ensure that the line
attenuation at 20 Ko/e (or 30 Ko/s on 625-1ines) is no more than about
~25 dB and that there are no sudden changes in phase characteristic
around this frequency. /4% the remote site, the 2LF signal is amplified
by a slavelock receiver and this unit also contains a detector which
indicates by a green light "suitadle 2LF signal incoming™ or by a red
light "mo (or low level) 2LF incoming”. In the latter, red, state a
iocal 2LF oscillator is substituted within the receiver so as to
rrovice a signal to drive the S.P.G., which would otherwise stop
operating completely. The frequenoy of this local standby 2LF
oscillator is adjusted %o be as noar as possible to the master 2LF.

Within the transmitter is an important control ~ the "re-set"
button. Pushing this (or losing the slave video) breaks the slavelock
loop and sets the 2LF oscillator frequency to approximately the correst
{requency, should it be well off for some reason (just switched om, or
loop baving been broken elsewhere for a while.) [jote, however, that this
change of frequency is rapid and should not normally be wade if the
conirolled source is being recorded at the time.
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Ngthods Used at Various 3ites

Six of the remote sites were slavelocked in the simple ocne-loop
manner described above (Eit.l xl, b I Ty B, 12)-

Site 1 was alavelocked to St. Paul's but then in turn it slavelocked
twvo sub-elaves, Sites la and 1b and the outputs of all three were nized
at 3ite 1. Eaoh loop was, therefore, simple, dut the combined trio was
rather more complicated. An important factor with this arrangezent is
that the synos. fed to St. Paul's from the Sits 1 mixer must always bde
those from Site 1's S.P.G. and not those from Site la or 1b. In other
words the Site 1 mixer pust be uesed in the ‘sync.’ mode, the la or 1b
syncs. being stripped off and replaced by Site 1 syncs. If this is not
done, instability will probably result and lock will be lost.

Sites 3 and 3a were also such that both outputs were fed along one
vision line to St. Paul's, baving been mixed at Site 3. Casocade
slavelock could have been used here, as at Site 1, but lack of slavelock
units prevented this, so an alternative was adopted. Site 3a, the
distant site, was slavelocked tc St. Psul's and Site 3 was genlocked
(Ferguson fast genlock) to the 3a vision input to its mixer. When
J'e wixer was cut to Site 3, the genlock stage was introduced into the
Ja slavelock loop, i.e. the 28 8.F.C. was being controlled scoourding to
thoe tining of Sito 3's puloeg arriving at St. Faul's. This technigue
worked reascnably satiafactorily although ths look was not quite mo
reliable as with the simple method. It produced rippled edges on the
ploture with one S.P.G. at the genlocked site for no obvious reason.

Sites 6 and 6a were looked in exactly the same manner as 3 and 3a.
In both the genlocked sites the mixers were cperated 'non-sync.’ so as
t0 minimisé the time during which the genlock stage was inserted in the
loop. This has little disadvantage because the non-gyno. cuts on those
mixera (M.C.Re. 20 and 28) are good. Non-syno. cuts at Site 1 mizer
(M.C.R. 14) are relatively poor.

Sites 2 and 2a were also fed along one vieion line inmto St. Paul's
and were rixed at Site 2. However, here Site 2a was not slavelocked at
tll and was taken non-sync. at Site 2 and Ste Paul's. Whilst 2 was fed,
the 2 slaveloock loop was, of course, broken and its 2Lf drifted wildly.
It vas necessary, therefore, to allow time to re-establish slavelock on
returning to sending Site 2 to St. Paul's. This factor had to be borne
in mind by the Producer -~ Site 2 should not be used immediately after
using Site 2a, although the reverse was quite possibdble.

At all remote sites and at St. Paul's, a reserve S.P.G. was
avallable and all generators in the system (35 in all) were carcfully
mains lock picture phased together within a line or soc. Thus, any site
could revert to local mains lock should the need arise and still preserve
at least picture phasing.

At Television Centre the video tape reproducer (VP.8) was picture
locked to pulse chain 4B which had itself been piocture phased so that the
video tape signal arriving at St. Paul‘s was in step with the reference.

The St. Paul's Mixer

Tbhus, it will be seen that all contributions to St. Paul's were
either fully synchronous with St. Paul's or piocture phased thereto. The
nixer at St. Paul's was a combination of two l0-channel mixers, one
carrying the 10 St. Paul's cameras, the other, 10 remote sources. A
pre-gelector switch extended the latter to 11 sourcee plus a spare.

This second mizer could taly be operated eithexr wvith ull chaanels in the
'sync.' mode or all non-syno.

/ continued ...
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(Note. 1n the ‘sync' mode a pixer strips off incoming aynos and
replaces them with local aynce. In the ‘non-syne’ mode it again
usually stripe off the aynos but replacee tlen with the samc incoming
aynos. In the former mode, vision cuts do not sffeot the outpu?
ajync train at all. In the latter there is invariedbly some aync
disturbance on a cut ~ the amount deponde on the goodnoes of the
mizer design.) |

Jincc some of the contributions were non-gync (Site 2a and video
tape) the mixer, thorefore, had to operate in the non-sync mode even
vhen cutting to and from synchronous sources. Fortunately the non-
syno cuts on this mixer are good so that this was of little disadvantage.
(If the non-syme cuts had disturbed the syno train appreciably this
would, of course, have neutralised all the efforts made to rake the
cources synchronous.) Op.ration of tho mixer in the non-syne mode
wvas also much safer since any loss of lock on & source whilet trans-
mitting had only a mild affect. If working in the ‘sync’ mmwde the
picture would have boen wnrolated to the accompanying eynos with
catastrophio results.

clavolook Contﬂg Point

In the St. Paul's Coutrol Room tbe Slavelock Transmitiors vare
arranged in a staock fed with the necessary vision; syno and 2Lf lines
and all indicator lighte were grouped alongside. Four of the Slavelook
transmitters and receivers uscd on this production were borroved from
Televieion Centre and Studios.

Acoess was available to the multivay preview system so that any
source could be selected by pushbutton and displayed on a piocture
monitor and CRO. The monitor vas extornally locked to Refarence 8ynos
so that the state of syanchronie of any selected vision was impediately

a DPWt ®

A further unit was nade use of , namely a Picture . o~ Comparator
which indicated continuously the number of lines of timing differsnce
botween eslected video and the reference. This wes most uneful when
sotting up pioture phasing.

The Master S.P.G. at St. Paul's was mains locked via a manual
goniometer so that the wunole system could be altered in phase with
regpect to mains if necessary.

Use vas made of the normal engineering control lines to relay
instructions for S.P.G. ndjustments, etc. to the remote sites.

arience or to z 8i

The slavelock equipment was installed in St. Paul's on Wednesday,
27th January and was tested by locking local S.P.G.'s with fair 8uCCess.
Various unit faults vere detected mainly associated with relay holder

Tests with tho remote sites began on Thursday 28th. In several

Cases the 2Lf signal was notrcaching the sites or was fluotuating in
lsvel on arrival. As the day progressed these line deficiencies were

corrected and servicability improved. Site 1 could not be locked however
and this was found to be due to faulty receivers at both 1 and la due to
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power supplier unit fsults. Theoe were replaced (thus consuming all
spares) and locking of 1, la snd 1b was achieved.

By Friday 29th a good measure of success in locking tho vhole
network was obtained and attention could bde given to0 more minor
deficiencies. Slight line twitching was visible on Site 5 (Lastcheap).
This was thought to be due to interference clicks oa the 21f line
although the measured intarference was quite low (-504B). A highor
sending level with attenuation at the distant end did not imrrove
matters, For Saturday, transmission day, the Post Offioce changed the
line and no further twitching occurred but this does not prove very much
as the teleprinter activity was probably much less on that day and, in
any oase, the fault may have had some other cause.

Site 1 also showed occasional line twitches at times, not as
frequent as at 'ite 5 but enough to give some oconcern. In this ecasc

it vas deolded to make a judgeoment on Saturday morning whem interforcnce
would be lover as to wvhether to use the slavelock system or to let Sites

ly, la and 1b operate independently.

Slavelock dropped out occasionally during Friday on Sites 6/6a
but pulled in azain cach timo within a few seconds. No ceuse wae
detacted for these lapses.

The other sites behaved well and looked in with little or no
trouble. Kaoh day all S.P.G.'s were picture phased to St. Paul's to
give operational practice to all concerned. As there wers over 30
genarators involved, this ooccupied quite a fair amount of time.

Results on Transmission Day

At 07.30 on transmission day all locking equipment was function-
ing vell except that concerned with the Festival Hall (Site 9) whers
thevi_ion line had been lost incoming. Thia site was switched to
mains lock pending arrival of their signals.

ddtes 5 and 1 showed no line twitoching sc it vas decided to use
slavelock in thaese cases.

All sources including the video tapc reproduction (but except
Fes :ival Hall) were finally pioture phased om both main and spare
SePeGo s,

The programme on Saturday 30th January began at 09.20 with a
comparatively - ... progression around all the differeant sites to sot

the scone before the procession proper began at 09.45.

During the prelimimary round-up all was going well until some

four minutes im when Site 1 lost slaveleck suddenly wvhilst on transmiseion.
Aftor vaiting come thirty seconds to seo if look would re-establish
iteself, without success, Site 1 was asked to switeh over to msins iotk
and to continue with la and 1b independently. This was dono, caucing a
rozentary sync. disturbance and then things settlod down again. Although
wildly out of sync. with the reforence pulsess, it appears that the field
rate of Site 1 during the unloeked period did not gc nero than adout

U«3 cyelos avay from 50 cycles. No video tape or filn rocorder had sny
difficulty in bolding onto tho signal. The ocause of the lors of slavelosk
.as not disooverod; 2LF vas ineoring to Site 1 throuchout. Fosslbly an
intarrittent fault developed within the transritter. Site 1 was later
ro-olaveloacked without any difficulty.
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This trouble was made sush mors noticesble by the appearance on the
Ste Paul's pileture output of unlocked '‘€¢host' syncs. This wus dus %o
aresk~t’ rough of 'reference' synos onto the nou pon-oyne LUite 1 sigmal.
The break-throughk .sa later found tc be io the mixer almoat ocertsinly due
$¢ a fuder ountrol Yeing Juat off its baek etop. Syno ercsetalk ius thus
Gl gya ;resent but valy beoars visible vhen the out~up signal vac LUD=BYNO.
Thls a'o-s wnother uidvantsse of synchronous working - syne crosstulk begomes
maok laoa:= iwmportant.

Tho Feoatival Hall vision signal arrived shortly beforc transrission
started but vas rather erratie, so it was deocided not to attenpt slavelook
for the preliminary round-up visit which was thercfore taken ricture phasad
only. The romainder of tho round~up of sitos vas quite csatisfactory frorn
the symohromous point of viey exoept the picturc-rhased 3itc 9 which showed

faint cync ghosting.

It uas doelided to keep tho Sites l, 1a and 1b on looal rains look for
the precession proyaer rather than risk a repetition of a sync diaturbance during
thic oritieal ocpening jart of the coremony. oJ1te 1 was therefore oporated
loeally rvains looked and l1e and 1b vepe slavelocked by Site 1. The trio vore
edxed synohronously in Site 1 pdxer and all vere pioture pbased to St. FPaul's.

Jore syns ghosting vas visible on this 2ignal, but vas rathor less
visible than curlier, it bsing almost uanoticeable at this stoss.

Un outting tc Site 1b, further along the route, a very noticeable lime
twitokiny bYooame apparent; this wus of a similar form to that sean on the
“riday on Sites 1 and § dut vee of a large axplitude. It vaus deoided not to
Ask Ior Ate 1b to change to local msins lock 423 this would huve caused further
disturtwres and would also require cutting non-syno on the Site 1 1ixer. So
tha lirs teitehing oontinued, laatly unfortunately practiocally &1l the tire tiat
b vag in wee. lzaminrition of the film recording shows th:t the displacsuents

<ére only of the order of 3 mioro-soconds, but they vere very clearly vieible
anit quite distraeting.

ardng this time various out-avays had bean made to the 2a site for the

Liring of salute guns. 2a was, of course, only pioturse-phased but the intercuts
vere quits good. Drifting ghost 8yncs were visible on the 2a piotures.

iTtar the Site 1 ocontridbution vas completed, all sudbsoquent cuts vere
truly synshronous exoept, of sourse, those to the guns at 2a, The Festival
dali site was sado slaveloeoked by the tixe it vwas used. Fven during tho
carexomy in Gt. Paul's thare vere odd shots to thc other sites cutside to give

atosphire and the ermoothness civen to suoh inserts shoued the value of
aynohronmhla workins.

To rezove any poasibility of ghosting syncs from St. Paul's on the
final video tape coniribution, the raster S.r.G. was itself genlocked to the

Video taps fced 218 coonm as the mixer had cut to sace. All the slaves lost
‘ook zorentarily but roeovored vithin a seocnd or two. Sinoe no other souree
vas to Ve used after the video tape iter, this was of no sonsequence, but it
88 interestin - to see that sueh a techniquo was practicabdble.

doview of ROMQM

l'arts of the recordinrs on video tape and 35 mm. filz of this prograume
have becn examined, rarticularly the first 40 minutes vhere Site 1 was
involved. In both recording mediume there 1s & very noticeable impreovement
whaer the outs are betwaen truly synchroncus sources,
dieturbsnce at all. kost of the vertical disturbances

vloture phasing, although there was at least one fraze
recording dlsplay on such a out.
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A small dbut important vcertiecal creop for saveral fraros ~ftor the cut vas
vindbls on all thuse non=cyne cutn, which aignifioantly core a filr roccrding.

won Lhon pleture phaasd thore 43 2 verydng 1inoe ohasc arror 2 $he
two ruine Lolds swlng to and fre. The change of linc syme phuog on cuiting
fror onn to the cthen causes a horizoatal 'lureh? of the sictur: renitor
or dicplay tubs Lhen the line tiro-base 12 flywhcelecd. This 1o
roderatoly objootionable and ray lsst for & whole fleld, It br aks the
spooth picture flow, confirming asnin that synciaroncus vorking is worthuhile.

The precise effoct of a non-syne eut caanot be predietod, as it
depends on tho various locks and servos in recorders and monitors and tho
control settinge thereof. As telovision equipmont bogomes wore complox

snd eophlisticated its sensitivity to previously tolerabls conditions
baoousos incrcused.

Conoclusions

Javeral conclusions can be drawn from this exercise, namely:

1. Jrnchronous working is definitely valusble and should be planned
into multi-source programmos from the cutast., |

2o wwen tho beet picture phusing is a poor substitute for true
synchroaier as line phass orrors czuse noticeable horizontal
disturbance on cutsa.

3. Caaeaded siavelock and gonlock/slaveleck methoda are pragticable

but are less flexible and rellable, sc that single locp syatess
are definitely to be proferred operaticnally.

4. FNoro thought should bo given to methods of reverting to local
iook in a amoother ranncr than is possible at progeat.

De Tre use of auto-syne-scnsing mixers would be very useful to
covar againat tho occasional loss of lock whilst traneritting,
yet preserving itmaculate symc continuity at all othar tirca.

6. bor? slavelock units are rojquired if 100, lockinz i3 to be
achieved on such epics in the future. Ninc sets were availobhloe
in C.Be. and four ware borroved from studios, and even this
nunber was insufficiemt to cover all sources. The opcration
could not have even been atteupted on 625~lines; there are so
feu unite wvailable. Decizions on numbers required are, of course,
complicated by the coming of the altornative cryntal-locked
slavelook aystem now under development.

Te The eslavelock technique used on this production was, broadly, that
6ll locked sources vwere ocontinucusly locked. Some eoccnomy of
clavelock transsitters 1s poseible if less diversity 1e accepted,
sourcce only being locked shortly befora being transmitted.
However, this prohibits the random-uccess so desired by producers

and is operationally hazardous, at least at this stags of the
art.

8. Further investigation should be made into the cause of the line
twvitehing fault. Particular attentiom should be paid to the
offeot of interference on the 2LF line and, if necessary, a
epecial performance specification drawn up for sr.mo, or the
slaveloock systew made more tolerant of interferenoce.

/continued ....
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9. The relay bolders used ir tho slavelook tranazittars and roceivers
wers found to bo extreroly uareliable ae rogards t wing contaot
with thc relay pims (some tean comiuct Paults 4n = ~omkK ). Their
use suould de diceontinued lmnedintely. Ths roloye (60 LiA=18)
souid te Letter 30ldared direct into cireult wnlivus a rt soh
superior bolder is substituied. The interrittent lessea of
leck oould vell have bsen dus to those relay kolders although
this osnnut be proved, of course.

10. A properly engincered sluvelock comtrol point should be devised
probably based on the bay mounting type of unit comstruction,
68 used in 'itudios, rather than the 0.B. "biscuit tin" style.
Froat entry cables cause much wiring confusion at the operating
point. Ready monitoring of 2LF output should be provided.

A horizontal "layering" principle - one level per source with
6ll related units and facilities (transmitter, lighte, preview,
monitoring, control line, etc.) - would appear to be the best
layout from the humsan englneering point of view.

ACkroyle eats

Host of the operational slavelock and monitoring methods used on
this ;roduotion iere the direot suggestions of K. Thomas (Asaistant
Investizations to S.4.Tel.S.& 0.B.) who alsc carried out the onoerous
task of oombining the two ten-champel mixers into one.

iixocellont oco-operation and assistance were gilven by U. Crowland,

J.U. liugheas and F,3. dnape, m€ Tel-0.80., 1 the conération, installatioa
md operetiz. of 2hs Sucios. ES S SR | N -
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