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The Marconi B3410

Line-array Telecine

‘ Summary The Marconi B340 is a
new all solid-state line-array 1ele-
| cine and is the first commerciafly

prorduced television piciure generat-
| ing equipment to use completely
| digital signal processing. This svs-
| tem,  which is  microprocessor
| eontrolled, 15 desenbed in this arn-
cle and the advanages arising from

R. Matchell
Borm in 1925, R:l} Matchell was educated at
Onley, Privce Henrv's Granmise School, wod
al Lecds Ulniversity where be wus a laborai-
ary desigtanfstodent m the |:l|'|1.'si4':. |'||"|:ar1-
ment, He then wiinpel experience in rhe
| development of television soudin CrpUIERIC
with the BRC, EMI, Rank Cintel and Mar-
63 m 106E he was Section
lLeader in Marconi's Swdio Equipmons
Levelopment Gisaip, Aler ten years with
Bank Cigel, first as Technieal !‘l.]:l.rl:t[_!;:-r aned
then as Pioduet Group Manager, be rejoined
Marcond in Febowary, 1979 a5 Engin
Manager of the Camera and

com. From
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I elecine
e pardmend,

Introduction

The Marconi Line-array Telecine is a
completely new,-all solid-state design
menrporating  lotally  digital  signal
processing. It will briggh-
quality pictures from [amm, S5mm or
-"lllpt.'t Bmm filin, either positive or
negative, and the change between film
gauges can be made ina few seconds by
means of interchangeable, plug-in film
gates. L he telecine will operate counally
well on either the 625-line or 525:=line
television  system and  the  same
printed-circuit boards are used for
hoth. In addition to the normal stan-
dard speeds, it will produce coherent
pictures at all speeds between § and ten
times normal speed, both forward and
reverse,

produce

This telecine is the first commer-
cially produced  television  picture
gencraling equipment o usc  com-
pletely digital signal processing. The
benefits obitained [rom this are [reedom
from time consuming setting-up pro-
cedures, increased reliability and pre-

the innovation are explained. The
continuous-maotion, capstan-driven
il transport system and other
notable feateres are outhned and a
description is given of all the major
systems, including (ilm scanning for
both 625-line and 525-line opera-
Liasri,

dictable drifi-free performance. The
signal processing  (which is micro-
processor controlled]  provides  Tally
varrable gamima correction,
logarithmic masking and dilerential
adjustment of gain, lift and gamma,
Vertical and horizontal aperture cor-
rection and coring are also provided,

Unlike most other telecine equip-
ment avatlable, this design wses no
vacuuim lube devices other than con-
ventional quartz-halogen lamps. Con-
sequently there are none of the high-
voltage  or  scanning  requirements
needaed by camera tubes, cathode-ray
tubes or photoe-multupliers, The image
sensors used in the telecine are 1024-
element linear charge-coupled devices
iline arrays). The type used measures
30mm  (1*Zin) by Gmm (0 25in)
approximately, and is allustrated n
figure 2. Three devices are used 1o
sense the red, green and blue signal
components, Uhe life of the sensors is
virtually infinite, thus the combination
of solid-state sensing and dighal signal

R. Matchell. C.Eng,
M.LE.E

processing  greatly  reduces  off-line
operator and maintenance time and
makes the equipment economically
attractive to rumn.

In addition 1o the new design fea-
tures described in this article, the tele-
cine J'nr_'urpu:ral::s all the comprehen-
sive facihities which are essential for
elfeciive operational use m broadeast-
ing,

The film scanning
system

Methods of scanning film

Three prineipal methods of deriving
television pictures from colour film are
in current The most obvious
method uses a colour elevision camera
arrangement inlo which the flm is pro-
jectedd. The whole of each film frame is
imaged on the camera thes which,
bring storage devices, retain the image
until it has been scanned, Conse-
quently @ fairly conventional intermit-
lent motion projector may be used.

The second method is the flving spot
svstem in which the raster on the e
of a special cathode-ray tube is imaged
o the film. The light passing through
the film is collected by red, green and
bluc photomultplicr tubes afier suit-
able beam-splitting. This is a non-
storage method and the film has o be
cifectively  immobilized for all but
approximately lms in cach elevision
feld. A variety ol arrangements includ-
ing high-speed pnevmatic pull-down,
rotating prisms, twin-lens and “hop-
ping patch” or ‘jump-scan’ systems
have been devised to achieve the
required  effective immobilization of
the film.

The third method, which iz uzed in
the new Marconi telecine, involves the
use of a linear sensor which can pro-
duce only a single horizontal line of
picture from a stationary object, Thus
when the film is stationary a signal
corresponding to the single line imaged
an the line array appears on all lines of
the television picture, However, by
moving the [ilm at the correct velocity

LE5e,
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and by emploving a livle electrona
manipulation, ¢ pormal pietare can be

produced.

Thesimplest case to consider is that of
operation on a 623-line; M) Held per
second television systemn, In this case
the film is run-pormally at 25 frames
per seoomd. While the television system
has 50 elds per second, each ficld has
anly 3124 lines: It requires owo lields
interlaced 1o produce & complete pic-
ture o frame which is repeated 25
times per second (in facoonly 575 lincs
are used by the pictore, as 25 lines of
each field are scoupicd by blanking,
etk

Thus, i the Alm is moved continu-
ously through the projector at o con-

stant velocity of 25 frames per second,
and the linesarray signals are read out
at the pormal television line rate, a
complete television frame of 623 lines

will be reecived during the passage of

one {ilm frame through the projector,
Unfortunately the lines will appear in
one sequential strcam rather than in
the two interfaced ficlds required by
the television svstem. This problem
may be overcome by the use of digital
storage devices i a sequential 1o inter-
lace” converter. Uhe signals from the
arravs are nol used divectly, but are
widlten into stores instead. To repro-
duce the picture corvectly, all the
add=nembered lnes are read out in
succession in a period of dpth second 1w
produce the first wlevision feld, The
even-numbered lines are then read out

i the next seth of a second 1o produce
the second or interlaced field. As a
result, 25 normal television frames or
pictures are produced esch second.

Uhe signals obtained from the array
are of normal television active line
fengih, that is 33ps, but in order to
make the activieor picture-bearing por-
tion of the film frame fic the active 1ele-
vision picture; the ‘wait’ period bet-
ween lines is adjusted. Consequently,
thyes Lirves are writben into the stores with
the correct active length, but the incor-
rect total length. The read-out dming
g arranged wocorrect for this and o
produce standard line length aned spac-
ing.

For 325-line operation the system s
more complicated because there arc 60
relevision fields or 50 complete televi-
sion pictures per secomd, For this sys-
terrt the film is run at the standard 24
frames per second and consequently
there are five television fields for cach
v film lrames. A 308 3 sequence of
tefevision lfields obtained from cons
film
sequential-to-dnterlace

{frames stored 1m0 the
converler s

uscd o overcome this problem,

SeCuiive

The telecine produces a-sull - frame
when stationary and whilst ranning up
ta speed. Tnoorder wo be able tosee any
full ilm frame it is necessary Arst o
have moved the whole of that frame
through the film o gate and 1o have
stored the infirmation from each line.
Furthermore, if the move ment was mnot
at comstant velocity, positional infor-
mation would he required (o ensure
thateach line was written at the correct
tume S0 as not o ceeate vertical linear-
ity errors, Such positional information
is available from sprocket pulses and
the capstan tachometer, Once the
required information has been writien
intey the stores it can be read oot in the
form of a still picture for as long as
recpuired.

For the normal :'uuning SVELEI 10
operate correctly, the velocity and pos-
itton of the (ilm muse be synchronized
o the television system and precisely
controlted. T his is because the whale of
the vertical scanning of the picture is
provided by the film movemens alone,

A diagram of the flm deck is shown in
figure 3 and a photograph in ligures 4



Fig. 2. The fine-array image semior, o
24 -elernend charpe-coupled decece

ane 3. Tn addition o the need 1o oper-
ate correcily the design was influenced
by the following faciors:

i) the film spool position should beata
comforiable height for loading large
spnlis;

it} the film gate should be near eye
level and be vertical;

il the howest part of the equipment,
namely the video lamp house, should
be-at the wp so that bot air could be
dircetly evacuated and not warm the
rest of the machine:

Fhe mction ol the film s achieved by
the wse of a synthetc-rubber conted

diameter around which the film is
wrapped under controlled  wension
Thers is no pinch roller (fgure 5), The
capstan velocity is controlled by & digi-
tal serwo, incorporating a
processor which compares pelses gen-
crated by the 5000-line  capstan
tachometer disc with the master clock.
Positional control is achieved by the
wse of pulses generated by the spracket
pulse generator, which consists of a
sprocker which is driven by the lm,
Bxed to a shalt carrying an optical
generator. The optical generator pro-
duces a pair of pulses ph;am_-d T apart
lor cach il frame. These pulses are
uscd tor framing, for film counting and
also to provide instructions (o the
sequendial-to-interlace converter.

As the capstan provides the move-
ment of the ilm and, consequently, the
vertical scanning of the piciure, the
capstan must be extremely precise
mechanically and the motor must be
free from “cogming” and other undesir-
able eftects, The whole capstan assem-
bly was therelore designed and s
manufactured by Marconi,

[HLCTD-

Ohptical and  magnefic  sound  are
picked ofl a1 the capstan, as at this
pednt the velociy of the (o 15 under

I'he Marcons B3410 Line Areay Telecine 35

minimum. For 35mm {ilm only, two
additional rollers are interposed in the
fAlm-lacing path between the Glm gate
and the capstan. This is wallow for the
difference in picture-to-sound spacing
bBetween Lomm and 33mm lilm. The
optical sound sensors are mounted on
curvid arms which e inslots cut in the
varpstan, Light for the optical sound
system 15 brought through the deck
plaie by transparent light guides and
fadls on slots which are focused on o
the filim,

Ihe  magnetic sound  head s
mounted on A pivoled arm which
brings it intn contact with the Rlm
when reguired. The sprocket lor the
sprocket pulse generator, and all the
film rollers apart from the two special
F3mm rollers are of the triple-gauge
type 1o permit the use of the three [lm
FALECS,

Correct tension in the film 5 main-
tained by the use of the complisnce
arm mechanisms which are pivoted
and sprung so that the correct 1ension
is applied o the filim when the arms are
in their central positions, Chprical sen-
sors, attached o the compliance- arms,
detect departure from the correct posi-

capstan ol approximaicly  Slmum greatest control and Cwow” s oat a0 tionand apply correcting signals to the
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Fig. 4. The film tranipor! deck, shoown kere (oaded otk |omm film

high-torgue,  dirccr-drive spooling  akde, They are beld by push-on reton

sl s, s which are reversihle 1o I-ul"l'Plhi"' film

cemtral with both 1Bimim andd 3 5min

film, For Super 8 film additional adap-

Ihe feedd and take |..|_|'\.|JH:-|'\-. wrae dlra

ven by sprung fricton discs on the rear

_' ':’.':’[:Il ™

Fig. 5. A oew of the transpord deck shoumg the celfpifan, the ofrteral -.If:u"lll'.‘r‘ black and the
N renm Jale asiembdly, bodh tetth caper) remaned

il has o

I||'|l T I‘II!E R

ors are used. The feed spus
handle film wound in e
Phis s accomplished by a lever b
twern the feed spoal and the first wdler
roller which reverses the directien of

spaling and cannot he scr o the

Witk |r:--\.|l1-||r i Al i -ir'\:.::ln':l I--p1 fi=
verit lacime by obsiructine the §ilm
path

levier s used [or running 1est |on s o

i imtermvediane posstien of this

film anel 10 this miode a warming e
lighits up. Do the interests of safety and
cleanlbiness, the film deck s covereed by

whaen

a  limted Lranspaaient  cowil

e riling.

Phe illumanation source used
D50\

Fwo lamps are mounted o the

plcture 18 a
lamp
larmgs hose

iz hundosgeers

| e oo most being used (s
kept on stand-hy voltage and automa-

the changeover takes place in the event

ol [a mp failure, A conventional mirror

and condenser system, with heavy

infra-red filtering, is used 1w produce a
This

lilvment smage in a field lens



image 1% then focused into the projec-
tor lens by a gate lens which is close to
the lilm. Both the projection lens amd
the gate lens are part of the inter-
changrahle film gate, On the lamp side
of the field lens STV -
controlled, variable |:|1_-|,|l_|-al-d|:nsi1~l,- fil-
ter wsed for light contral, and on the
nther side there is a colour-balancing
filter for use with negative film,

The projection lens produces images
of the film, via a conventional beam-
aplitting block as used ina colour cam-
era, on Lo the red, green and blue sen-
S0TS, N:‘.ul.!'al-dtusit:.' filters are vsed i
the red and green exits of the splitter
block o balance the sensitivities to that
i blue,

The arrays are mounted on mechan-
isms which provide four degrecs of
lreedom to permit initial vegistration of
the three images. The adjustments are
locked after the sensors have been
registered and do not require further
adjustment unless a sensor is removed
for somie reason.

Hlumination for the optical sound is
provided by a 20W quariz-halogen
lamp and again there 15 automatic
changeover in the event of lamp Fail-
ure.

there is a

Electronic systems

The electronic systems include the fol-
lowing parts, some of which will he
covered in detail in subsequent ari-
cles,

Sipnal r:ll'l:rl_'rh\hlu
A simplified block diagram of the viden
signal processing appears in figure 6.

The signals from the three line-array
sensors are lilered to remove the
[24-clement  sampling  component
and are then digitized into an 11-bit
digital code, The following operations
follow in sequence: logarithmic ampe-
lification, matrixing of the log signals
and exponential amplification. The
signals obtained at the cutput of the
exponential amplificrs  have  been
garmuma corvected and have had mask-
ing fior the Blm dyes applied. They still
require to be put int interlaced forem
and to have vertical and horeontal
aperiure correction added.

After gamma correction only eight
bits are necessary for digitization
beeause the contrast range to be
handled has been reduced. The less-
significant bits are discarded and
the sequential-to-interlace  converter
aperates on eight hits, Four full ficlds of
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storage, that is two for luminance and
two for chroma, are used in the
sequential-to-interlace converter, the
storage devices being 16K RAMS.
The sequential-lo-interlace converter
operates on the Y or luminance signal
at full bancwidth and on the B=Y and
B-Y colour difference signals at half
bandwidith, The ¥, R-Y and B-Y
signals are obtained digitally from red
(R, green (G) and blue (B), Vertcal
and horizontal aperture correction arc
applied to the luminance component of
the interlaced signal. For convenience
i monitoring and encoding into diflir-
ent colour television standards, the
signals are converted back w analogue
R, GG, B form afier aperture correction.
The whole of the video processing is
controlled by the main microprocessor
SYELET.

TN SYSECTTES

The capstan servo system consises of a
velocity servi which maintains the
capstan velocity at the correct value
by comparing  the  S000-line-per-
revolution capstan tachometer pulses
with the video master clock pulses. In
addition, pulses from the sprocker
pulse generator are received once per

By
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Fig. 6. Video signal procecsing Bock diagram
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Fig. 7. The main electronics are housed tn the telecine base. The modules seen hore tnclude the

riden procersing

film Frame and are ased to provide
positional lock or framing’, The spoal-
ing servos provide forward or reverse
drive 1o the spooling tergue motors s
the compliance arms move from their
correct central  positons, A light-
conirol servo Gprates the variable
newiral-density dise for control of film
illumination.

Stwind avatems

These consist of pre-amplificrs for
Himme and 33mm optical seund and for
S5mm magnetic sound, Tollowed by

RESUME

L Marconi B340 et an mowvesu slfcindmin 4
yesinin e Tignes ot en semi-eondac e s o eons
stitue le premier maréricl génériatear o oo de
relévidion produit commergialement quianlise e
trithternent de signat cutidrement namérigue. e
systeme,  qui est commands par rnir T
processenr;, estdeerit dans cetarticle e Jes avan-

tages gqui découlent de cette innevatioen ¥ soni
cxplieds, e systéme de snowvonment coptm, le
disgrositil d'cnnrainement du Gl par cabcszan
ainsi ue o aweres imrt'm'ul.uri.li::i nestabiles v sont:
R wik ol fes qu'mr_'i]:a WX 5}51{:“:"'5 W sk dbéering.
nitamnment celui du élésinema avec fonclisn-
nement e iil._:nrs 625 et 323,

switching, oatput  amplifiers  and

ML NG,

Micrapracessor contral syslem

This contrals the vides processing and
the interaction between the film trans-
port and the clectronic slorage sysiem,

Filmn transport control lagic

This controls all functions conneoed
with the film fransport and interfaces
with the microprocessors.

Pulse and muaiter clock peneralion
Adl pulses required for the linc-array

ZUSAMMENFASSUNG

Dree Marcont B30 st cin never Filmaheaster,
in Festhirpersehalunsg wod Tinearer Anordnung
sonvie dieerste aul kommerzictler Boxsis hermes:
wwelle Ausriastang wor Fernschbiid-Erzeagung
uwnger Anwendung ciner vollseandir digitalen
Signalverarbeitung  Der o vorbicgende  Artikel
befusst  sich divsem  mikroprosessor-
gostederten Syatem und neant die Vaorteale, die
sich aus dicser Newerong ergeben. Neban ande-
ren  bemerkenswerlen . Kennaeichen wired el
Damerlant-Filmiranaporisysicm mit Rollenn-
tricks hesprochen, wod s mign vine Beschreibung
aller hedewtenden Systeme, vinachliesslich der
Fibmahtastune Rir sowohl 623 als auch 525
Leilen,

ALl

devices and for the digital signal pro-
cessing are supplicd by this system.
The main electronics are housed in
racks in the lower halfof the telecine, as
can be seen i fypare 7. The teft-hand
racks contain the video processing
principally and the right-hand rack
contains the servos, film transpors con-
trof Jogic and the sound amplifiers.

The B3410 Telecine has been designed
using the most modern technigues
available, The combination ol solid-
stale image sensing, microprocessor-
controlled  digital signal processing
amd &  contimuous-moton  capstan-
driven film transport system is unigue.
It offers a new concept in versatilicy,
peliability and prediciability of per-
formance in the production of J’Eigh-
guality elevision pictures from film. In
acdition, time-consuming  regelar
Ji;np-up prf_:-g'g‘dun':s have been elimin-
ated.

The image sensing devices are not
exprendable  like tubes or
cathode-ray wbes, consequently no
down-time i reguared for their
replacement  and  the  subsequent
realignment of the cquipment.

" sEYER a0
PLES A FRN

CHlmeTed

RESUMEN

Fl Marconi B340 es on e tebecine con rod
diveitiva lineal diantenas rtabiete de stadd
sialiclo, v uLllin!ll_‘_n'*"' el pr'm'u'.r EEjLIzp !{L‘!WI"HI’IUI
de incizencs de wlevision producido comercial-
miente gue bace wss del procesn de senial coms
pletsmente digitel. Eare distema, of coal ex cone
tradado por micraprocesador, se desoriise en e
anticala oy seexplican las veniagas gue surgen de
la innosvacion, Seoexpone a grandes rasgos of
sisteieta el vransporte de peliculas” accinado
pur Lo revalver de movimienio. condine v
plras caracteristicas noables, v s da una
descripeion de wodos los sistemas priscigles,
incluse L exploraciin de peliceias vante gan ol
functionamientys de B2% Hneas como paracel de
525 lineas,

@ Fhe Masconi {mpany Limiced 1982



