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The Mark IX camera video

processing system

8. T. Mansfield B. Tech.(Hons)

Summary A scries ol consecutive artcles describ-
ine the featres of the Mark [ X cameras, the second

generiation of Marcont automatic colour cameras,
have been ;1l:pf:|=-;|:ia'|g in Cosmvusmeatios & Broan-
casTING since Spring 1978, Thas, the penultimaie

article of 1the sevies deseribes in some detat] the video
ProCessing sysiem.

Continuously variable cable correction is pro-
vide 1o enable the camera o function correctly up
o Hm from the COLU using standard multi-core
camera cable. A signal from the halance printed
circil board (manval or automatic) conteols the
amount of hit applicd 1o the signals w oflser dark
curvents in the pick-up tubes, Black and white shacdl-
ing correctien (Both linear and parabolic} s pro-

vieled in horizomial and verteal directions 1o com-
pensate for deticiencies in the i.-:'||'q.."|||:|!'|-:-_|'.'|.1||-:' Ot -

Biration. Voltage controlled variable gain ampli-

[iers provide = Gd B gain for colour balance (sei-up)
purposes; a further =6dB gain [or coloar tnmming
{hmited (o £ LdB on green ) and (=1 248 master gain

T wse i low Light condinons.

A aperture corrector 14 inclided in the proces-
sing chain o provide the horizontal and vertical
P opicture. A
cormnle filter 15 mcloded o the hocigongal path o

|'|lrl'-:'|'li-:'|-l'| \i}_i"l';,lh-. MeCessa I':. for a1 sh

reduce cross-colour and notse,
[t

fromm o daw of 04 10 035 with a lincar law available

gamma correciion s contimuaoasly variable

[oor ser-up purposes.

The signal is black and white clipped and then
Llianked before being available [or use owsile the
board, The blanking rise and Fall vimes ave adjus-

able to sait dillering national standards.
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Introduction
At the hegimning of the Mark IX camera development, a
numbrer of design objectives quickly resolved themselves:
ease of matimenance
relibiliny
siall st
low power consumption and simplicity,
The extensive wse o integrated circoits and integrated
circuit technigues within the Mark IX precessing sysiem
greatly contribute 10 achieving the design ohjectives,

|'.\_.|:||,'ui;|”'-. ||:. -:||'i|."||.||i|':-|||':. FERELIT] 't|||_': thie mumber of presel
convirols and, therelore, any set-up me associzted with
PN LT e,

The Mark IX video processing circuitry is contained on
four printed circuit modules within the Camera Control

Linit (CCLU) rame. Three ol these modules (the green,

ved and blue video processors) (liguree 1), arve ddentical i
comstruction thus reduecing the number of spare madules
e be carrvied by a user. The modules are assigned v the
griety, ted and hloe channels siniply by the position in
which they are plugged ine the COU feame

A small module containing the resistors necessary for
the colour coreection malrx 1% plugeed o a sl -in=line
socket on cach of the video processing modules, The iden-
vical mateix maduoles foe the three video boards cach con-
rain all nine coctficients, the correct three being selected

accerding o the position of the processing modele in the
COL frame

hee constraction ol the COLU Drame adlows the use of a
back wiring hoard holding all the module edge connec-
tors, thus the electrical conmections (printed-circon rack
lengths) berween moduales beeome very shor, Sensible
placement of the vartous modutes can reduce even further
the length of sensitive connections,

Frp.d Fedro Proceseng Module
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I'he mtercommecting tracks are thus similar in length 1o
the wire terminations used at the ends ol coaxial cables. Tt
was, therefore, decided o abandon the use of coaxial
cabiles lor module interconnection and cmploy then ondy
[or connections 0 and our of the CCUL This decision
abwiates the need for cable terminating and driving s1ages
and avoids the GdB loss associated with such staces.

[t was further decided that the processing module
should be o -.'-:al:|:l||'r| throughout, thus avoiding the need
for multiple line clamp stages with their attendant SUSCEp-
tibility to clamped-in streaking and other unpleasani
cifects. The circuit stages are kept at their coreect aperat-
ing point by ong time-constant leedback amplificrs tha
sample and correct doe ervor during line blanking

1he o i.l'l'll'ill“:. on the video |‘:-I-:|1'|'.-1h'r:|l_; nnlule is -1|:dil:
into twi sections, that is, belore aperiure correction and

;ll'l':' il I:'I'|'!'.||i'l I'I':"1'I'|iI'II I h|‘\. |'I'I;|||2|'I'||]"|'|| ey |':-'\._‘ii tates a

spectal armengement of the circaitry o avoid unduly ong
il!|:II.II.II-:III.I|:I'|Ir cotnnections. How this has been achioved is
shown in ligure 3.

Fhe Marcom Mark X camera svstem video proces-

s out of green’ system,® well

sing'® pperates on the “hig

= i - |

cerpmairy on Fudes P

Fig 7 Arrawpem

L L

established in the Mark VIII camera. This sysiem
depends on the fact that the eye does not resolve finely
detailed colour information. The red, blue and green col-
our signals are, thercfore, low-pass liltered and high fre-
quuency inlormation lrem the green channel s laer added
to all three band-limied colour signals in the matrix
summning amplilier o produce three wideband colour

tion can nocasionally appear solt or lacking in definiion if

signals, Unfortunately, scenes with linde green informa-

the handwidih s doo narmosw, Accordingly the cut-off fre-
aquency of the low-pass filiers in the Mark IX has been
increased, [rom FEMHz (n o the Mark VIID e DM Hz;
this increase is Lacilitated by the superior signal-o-noise
tio ol the Mark IX head ampliliers.

Video processing
I'he cable loss coualizing civeuitry is split into three see-
rions as in the Mark VI camera vis:

0=300m {continuously variahle)

SO0 (Tised |
BOO-800m (fixed ).

A three-position switch and a calibrated potentiometer
are mounted on the frong panel, The switch selects the
correction necessary for 0, 300 and 600m of cahle, the
potentiometer providing the fine adjustment w give con-
tinuous correction from eero o 900m of camera cable.

Head-10-CCL distances greater than 900m are not
practical using multi-core cable owing w the rapidly
increasing impairment of picture quality, The triaxial
ciable version of rthe Mark TX provides the solution®
Switching of the correction is accomnplished simply using
pairs of long-tatled-pair amplifiers as shown in lguree 5.

I'he gain (without correction) of these amplificrs is
unity and there is no d.e offset between inpur and outpur,
thus the theee correction stages are easily cascaded,

R Uil from the cable correctar 15 available an e
edge connector for exiracting the line phasing pulse which
15 superimpised on the red video during line blanking.
Fhe line and ficld clamp stages that follow the cable
corrector uwtihee Lot l:'|.|'.|l'|:l followwers 1o elimimate q‘l_'<|,||'_|:|
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tilt. F.e.ts are also used for the clamping devices as they  the whole of the video processing. A symmetrical
are, for small source-drain voliages, essentially resistive  arrangement provides the necessary voltage and tempera-
devices baving no offser voltages. ture stability and also provides a convenient point for

The quality of the field clamp stage is of paramount  introducing the narrow hlanking pulses and black balance
tmportance providing, as it does, the black reference for voliages (Figure 6),
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The camera has a master gain control contin uuusly
variahle from O 1o +12dB gain. The gain contrals on the
three processing modules must track within the order of
1%, otherwise colour errors would be introduced when
operating the master gain control. The arrangement used
for the remotely adjustable gain stages in the Mark X
camera relies on transistor parameters largely unaffected
by production wlerances. This is diagramatically rep-
resented in figure 7,

Long-tailed pairs have been used extensively in radio
communications as a.g.c amplificrs, where their non-
linearity was not of great importance. If the circuit, how-
ever, 18 current driven it becomes linear over several
decades of carrent.

Three such stages arc used in the Mark IX camera for
the following purposes:

I} White shading correction: adjustable amounts of ver-
tical and horizontal sawwooth and parabolic signals are
used to modulate the gam of the processing sysiem to
compensate lor shading [rom the photoconductive
camera tabes,

White balance and master gaint a d.e voltage from the
automatic colour balance system® is used individually
to adjust the gain of the red and hlue processing mod-
ules. A d.c veltage from the Camera Control Panel
(COP) or from the automatic black balance system is
used to adjust the processing gain of all three modules
simultaneously.

Caolour trim and gain compensation: as in 2] d.c vol-
tages from three potentinmeters on the CCF adjust the
individual gains of the processing modules to allow the
operator to adjust the colour balance of the picture. A

2

—

3
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full =6dB range 15 available on the red and blue mod-
ules and a restricted £1dB on the green.

The manual colour trim control inputs are inhibited
during automatic colour balancing and automatic regist-
ration so that they have no offect on those operations, This
inhibition ensures that the settings of the wim controls are
always related to the same basic balance condition,

The gain compensation circuitry leeds an adjustable
{preset) amount of master hlack control voltage to a vari-
able gain stage so that any peak white information in the
picture remains at peak white when the master black
control is operated.

The circuit arrangement for the variable gain ampli-
fiers is unusual and deserves detailed explanation. Figure
& shows the general arrangement, Vo, 18 samplcd -:Iuring
line blanking {when the signal is at black level) and com-
pared with a fixed potental {in this case 0 volts) in the
integrating amplifier which adjusts the bias on the long
tadled pair "I'rl and Tr2 such that all the current in Re
{due to V) flows into Tr2 collector. The transresistance
amplifier transforming signal courrent variations in the
collector of Tr2 to voltage variations at the output is
constructed with an fet input stage to avold any inac-
curacies duc to bias current.

EBlack level control is achieved by ‘chopping’ the incom-
ing black control voltage with narrow blanking and inject-
ing it as shown in figure 8 such that the black level is
affected during active picture area, and not during blank-
ing to avoid upsetting the sampling system of the variable
gain amplifier,

Unce the cable correction, shading, colour and black
level adjustments have been made, the signals are, hope-
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fully, true analogues of the brightness information fram

the television scene. Three further processes must be

applied to the signal before it is in a suitable form to be
viewed on a picture momtor. These are:

1) Aperture correction: to compensate for any resolurion
reduction dug to the optics and camera tubes.

21 Matrix correction: e connpensate for the colorimetry
errors introduced by the optics/tube/ monitor combi-
nation.

3) Gamma correction: to pre-compensate for the non-
Imearity of display tubes and, incidentallv, of camera
tubes.

Aperture correction

In a television pick-up tube the scanning beam is not
infinitessimally narrow and 15 distributed more or less
gymmetrically about a central point. When a point of
information is scanned by this beam the resultant output
is smeared about its centre in both vertical and horizontal
directions. The correction of this defect is called aperture
correction and the principles are well established,

Figure 9 shows the block diagram of the aperture cor-
rector. The three signals required for the vertical correc-
tion matrix are produced by delaying the amplitude mod-
ulated r.f carrier twice, ugsing ultrasonic delav lines of
cxactly onc line duration so that the primary spurious
images from the delay line (direct break through and
‘third time around’} do not produce any annoying ghost
images before or after the main image.

The signal-to-noise ratio of the vertical aperture correc-
ter is maximized by using Schottky diodes, biassed to the
point of conduction, in the demodulator, giving improved
depth of modulation for a given r.f power, A known height

pulse is added 1o the video signal during blanking and
aftcr passing through the r.f system, is detected by a
sample-and-hold amplilier. The amplitode of the sampled
pulse iz used to control the gain of the post-delay r.f
amplifiers, thus maintaining constant gain throvgh the r.f
systemt.

The picture quality is further improved by reducing the
subjective noise level using a system known as ‘coring’;
that is, only correction signals greater than a preset
{adjustable} level are added to the video signal thus sup-
pressing low amplitude noise without excessively solten-
ing the picture. The coring circuit uses low-capacitance
Schottky dindes for fast coring action.

Cosine law horizontal aperture correction is provided
with a primary peak at 3MHz The delays required in the
horizontal aperture corrector transversal filter are small
{onlv 166ns) so that no special a.g.c circuitry is necessary.
An adjustable amount of h.d correction is also provided,
following a Gaussian law to compensate for the lack of
resclution in the optics and wbes, allowing 100% resolu-
tion to be obtained up to 400 lines. A comb filter is
included in the horizontal aperture correction and h.f
correction path in order to reduce cross-colour and noise.

Selection of vertical and horizontal correction and h.f
correction is accomplished by front panel mounted
switches on the aperture corrector module. Furthermore,
the aperture correction is remotely inhibited by the autoe-
matic registration module to prevent edges derived from
the preen signal appearing on the red, green and blue
video information and upsetting the automatic registra-
tion detection circwitry,

When selected, the amount ol aperture correction
added to the main signal path can be controlled from the
CCP.
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Fip 10 Merd IX pomma cheracteriotis

The extensive use of integrated circuits and integrated  sion pictures. This, coupled with its modular construction
circuit techniques in the Marconi Mark 1X video proces-  and unit interchangeability truly makes it part of ‘a cam-
sing svstem has dramatically reduced the number of pre- — era for the By,
el adjustments required o produce high quality televi-
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Fig 1T Bleck diagram Mark IX Camma Corrector
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