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Advances in helical video tape
recorders for television broadcasting

Summary

T article &5 the first of a series on vides tape recording
and deals sith the MRT helical scan recorder being iniro-
dneed by Murcond Connunication Svstems Limited. The
MR aud the MRTO portable version ave equivalent to the
Ampex VPR-I aind 1V PR-10, and are to be manufaciured
by Marcont by agreement weith the Ampex Corporation,

The guadruplex tvpe of video tape vecorder huas domi-
nated the brogdeast teleoiston field simee 05 introduction im
1956, However, theve has been a demand from broad-
casters for a smaller, less expensive recorder aving never-
theless the standard of performance necessary for broad-
cast tefeviston. This demand & met by the MRT wihach
alve prioides additional facilities such as still-frame and
slow-motion replay, meeded i present dav programme
prr.rdr.r::ﬂ'mr ctnted r:ﬁn'ug PJ"HI:.I'I-{'{?. Hﬂ'ﬂg a ren-segmenied
wiachie, the MRT is entively free of head-banding defects
awhich can occwr in guadraplex or  segmented  felical
recorders.

The entively new and robust framsport design in the
MBI has elimsnated problens of earlier helical wachines,
expecially when wsed with the MTBCT digital thme-base
corvector and AST*, automeatic sean tracking.

Introduction

The role of the video recorder in televiston broadeasting
assumnus greater importance year by vear, Over hall the
BBC network output is from video tape, and for CBS
in the U.S.A a figure of 709, has been quoted.’ * The
original function of the video tape recorder (vaLr) of
providing for a repeat or a later transmission of pro-
prammes now accounts for a small fraction of usage,
and it s in progranme assembly and editing that ex-
pansion is most rapid,

T'his article s the first of a series dealing with video
tape recording, and follows the entry of Marconi
Communication Systems Limited into this field. We
shall describe in particular the design and operation of
the new Marcom MR, a l-inch helical video tape
recorder, and also the MRIO, which is a compatible
portable version. These recorders are equivalent to the
Ampex VPR-1 and VPR-10 respectively, and are to be
manufactured by Marconi under an agreement with
the Ampex Corporation reported elsewhere in this
fssue. While satisfying the demand for a smaller, more
economical type of machine of broadeast quality, these
new helical v.t.rs also provide a number of new features
in line with current trends in television production.

*T'rademark of Ampex Corporation

After discussing further the characteristics required
in a new recorder the author goes on to review some of
the history of videotape recording relating to the helical
principle, sinee in retrospect it is remarkable that the
lower cost helical scanning machine did not appear
much earlier than it did as at least a major, or even the
principal type of broadeast television recorder. Some
hitherto characteristic problems of helical scan are then
discussed, and how they have been eliminated in the
design of the entirély new type of transport of the MR1.

Further articles will deal in preater detail with the
design and operation of the MRE1 and MR10, and slso
the MTBCI digital time base corrector, equivalent to
the Ampex TBC-1, New editing equipment will also be
deseribed ina later article,

The need for a new type of video tape recorder

For some time there has been a need felt in many
broadcasting organizations for a smaller tvpe of video
tape recorder, less expensive in terms of capital invest-
ment and operation and maintenance costs, but having
the level of performance necessary for general use in
television broadcasting. The requirements were ex-
pressed in detail in an EBU statement,® and SMTEE
committees  have been working towards a  sinilar
objective, In addition to the desire for 3 more economi-
cal machine, there is growing concern over the space
required for archival storage of taped programmes, and
here a recording format employing a smaller volume of
tape per hour would clearly be helpful. In 1976 the
BEC alone had 36,000 Quad 1 tapes in its libraries.t

In adopting & new format at a time when EFP,
electronic field production, is developing rapidly, it
would be essential for a lightweight portable type of
recorder using the same format to be available. Another
fuctor in general programme production, as well as in
EFP, is the increasing use of film type techniques with
viden tape recordings, involving much more post pra-
duction editing. It would be a great advantage, if not
essential, for anv new machine to embody convenient
and flexible editing facilitivs,

There would seem to be little prospect that the
objectives might bie achicved through modifications to
the quadruplex machine, and "Todorovid, in an interest-
ing review of the current situation in television record-
ing, ! refers to the Quad 1 standard as being ‘somewhat
exhausted’, He acknowledges the improvements offered
by the proposed (Quad 11 stancard, but poes on o
repeat the need for a smatler and cheaper recorder. As
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Figure 1. The Maveony MRT non-segmented helical videq
tape recorder, seith the MTBCT time base corvector fitted
heneath

}'l:'»t:n'hh: alternatives to t;um!ruph:x there are r1n]_1." ﬂrr;
longitudinal and helical scan formats. Longitudinal
recording was investigated by o number of organiza-
tions, prior too the introduction of the guadruplex
|!13L"I'I.I1“',';‘ hlﬂ. Wwils 'l'L‘jL'L'[L‘d. ].JL‘L':LHH'I: EE'IL' ‘H‘.'T}' high t.}l]'\l:'
speed necessary led to impractically large reel diam-
f.'[{.'rﬁ, al'l.l.‘i |:|'|i!l.!l.' i.l i.:IE'IF'I'l.FHHi.!':l]L' (] ﬁl'ilﬂ'tl.l.! 'FHFr l.‘.nnugh.
Thus it was assumed that the need would be satisfied
by a new type of helical-scan machine, This has proved
to he the case with the introduction of the ME1,
{figure 1), which together with the MR, provide all
the features required,

Some historical notes

Even hefore the introduction of I:]'n,: :[uadruph,'x v.k.r
by Ampex in 1956 the advantages of the helical-sean
system had been recognized, being basically simple and
offering low operating costs, especially when designed
on a non-segmented, feld-per-sean basis, which also
made still-frame or slow-motion replay possible. In the
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L5 A at this time there was, however, an urgent need
for a television recording method to delay east coast
programmes for transmission on the west coast so as to
compensate for the time differcnee.® Consequently,
because there were serinus problems yvet to be aolved in
the helical format, 1t was decided that the fastest way
to develop a broadeast guality recorder was for the
Ampex team to concentrate on the transverse format.?
Thi:-l wWias L‘Iﬂ‘nf_'. HI'“} 1Elj L l.JI-L‘ hi.ﬁl[]TiL' demonst THti.I"I'II 'il'l
April 1956 of the first practical video recorder.

A momentum generated by the rapad L'xpaln.-'-inn of
television operations carried the quadruplex standard
forward, so that there was little chance of acceptance
of any new non-compatible recording format. There
were helical recorders subsequently developed, mtend-
ed for broadeast use, including one by Ampex,® but for
Ok Pk Or ﬂl'l.l:Jth{‘r Tht}" 4] HII:]L' I'I Ll]‘.‘ 40T THL} :ITI'Ii'I‘:“'.r.

The quadruplex format went on to become, by
national and then internatiwonal standardization, the
principal medium of video programme exchange and
distribution. Well in excess of 10,000 quadruplex video
tape recorders are in uze, to be found in every country
of the world,

Taking a detached view one can see the helical scan
45 an I:Tlﬁ'il'lﬂl'.‘rlrl'lg l:'“l'll:!t.‘l'l-t LAEL) !l‘H“- 'n'.'“”h}' thﬂ.l'l rh{'
transverse quadruplex, and actually offering more in
operational facilities, Quadruplex had the great virtue
that 1t could be made to work, at a time of preat
expansion in television broadeasting, when a maore
convenient alternative to film recording was badly
!'Itl'."l!t‘l'j.

Advantages of the non-segmented helical video
tape recorder

An important advantage of the non-segmented helical
principle is its basic simplicity. 1t permits the design of
video tape recorders that are small, nexpensive and
low in running costs. Since one head records or replays
a complete active held there 15 not the necd to switch
between heads, nor to match heads and signal channels
t‘l:'r:tcl}' i the fu::tm'}' ar in the ficld, as there is in the
multi-headed quadruplex or segmented helical formats.

Probably the most sipnificant advantage the non-
segmented helical scan system has over both quadruplex
and segmented-helical is the complete elimination of
head banding, or segmentation errors. In many, if not
miost cases, it 15 the accumulation of segmentation crrors
that limits the number of generations achievable in
quadruplex recording,

In terms of operational functions the availability of
still-frame and slow-motion are noteworthy advantages
of the non-segmented helical svstem, either as broad-
castable effects or as valuable adjuncts in editing.

Early helieal problems

The problems in the non-segmented helical scan syz-
term, mentioned above, were two-fold : pooe time-base
stability and poor tracking accuracy, both functions of
the quality of tape transportation and guiding. Both
arise from the long track necessary (about 43em; 17in),
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in the helical wrap around the scanner drum, to achieve
a high enough writing speed, The track width s
0.1 5 mim (0006 ), and the tracks lie gt an angele o just
The figures are typical and relate w the well-
established Ampex 1=in format,

over :

FIMUE-BASE STANILITY

Becouse the recorded tracks lie substuntinlly along the
direction ol 1.||'||;' b, any VArsatons im wpe h|"l-"'."-|
nre trmmalinted .|H|r:|- st dhired tly inlo varations in “ll'lil'll.'.'
if the 11}||-|.||||'|,--||. shgrul A |1.|.II|-.|| wluitiom comne with
the development of clectronic time-base correctors to
reduce the rather lesser instability of the guadruples
machine, However, these early analogue correctors,
|:'||||i!:|l,,|r'|1: A '|.|rE1J|_{1'-| optiolbed delay line, had a lamited
range which -||||||x|u.'-.| sovers reguiretnents on the trans-
port servos of the helical maching, so this solution was
vk |_'|||1|.'|rh'r|'!l, "\"l.l':\h-lllll A VETY |I-l'|,:|l order of time-base

stability being necesaary i brodd casting

TRACKING AUCTRALCY
It v most murpeising, Ll-l!'l‘lil'rrlru.: the track dimensions
L|ul.l1.li:|.1 above, that it was also chifficult w make the Lt e

Frere 2, Transport deck of the VIR videu fape recorde
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take the same path relative to the head on replay as it
ik i pecord

It s understandable that “inmterchange confidence’
was lacking, the conhdence i the .I-!1I1iI:- to interchange
tapes between different machines. (n early helicals
satisfnctory replay on the same ma hine at a later dote
Wwias I!‘. i frcans certhin

Among the perhaps less obyions factors comtributing
to tracking errors were the insulficlent stiffness of the
Lradisport chassis, and the critical ‘liHrH“l.llll'l‘ of the
preciue form and (rictional properties of thi tape guidoes
Of particular importance are the entrance and  exit
guides by which the tape is led on and off the scanner
drum, because hetweei these the tapye s 1'l||'|['"!llh.'l.| anly
iy AT mir film

A major contribution to the tracking problem was
im the |I|||||.-1'|-.|“|g,1| VRrIabons an e l:2||'i|.' sl caused !I‘-
|..-|||p.-ut|||'| G Imlnuhl}_.l.ul.'lrh:. mani facturing tlerance
or physical damage. While there have been great od
vances in the quality of tape over the years, it s still
necessary in the design of video
broadeast use ta make some provision for ilsmormal s

tape recorders for

S T AT EN
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As we shall see, the solution of the problems described
has been achieved in the VPR-1 v.t.r by methodical
investigation of the causes and their elimination by good
engineering, plus some imnovative steps.

THE SEGMENTED HELICAL APFROACH

The segmented-scan  helical machine  represents
another approach in which the problems are eased by
employing two active heads typically, the scan being
split into five or six segments per field. Thus the
recorded tracks become shorter and lie at 4 larger angle
to the tape edge. However, by this course one shandons
many of the advantages of the non-segmented helical
format, including still-frame and slow-motion direct
from the machine, and the likelihood of segmentation
errors, that is, head banding, is reintroduced.

Design of the VPR-1

Although for professional broadeast applications Am-
pex engineers have concentrated on the quadruplex
muaching, they have over the years desipned a number of
very successful helical recorders aimed principally at the
educational, industrial and other cctv fields where
very large numbers are now in service. Some of these
have been in fact employed for broadcasting where
conditions were favourable, the VR-660 for example,
was used for many years by the Canadian Broadcasting
Carporation to distribute programmes to small stations
in the north of Canada, OF course, many helical ma-
chines are used by broadcasters for non-broadeast
applications, particularly for off-hine editing, for re-
hearsals and in various other c.o.t.v roles.

It is significant, with this substantial experience in
hath helical scan and guadruplex systems, that Ampesx
have returned to the field-per-scan helical principle in
this first major departure from the quadruplex format
in a browdeast quality v.tr.

The

Az we have scen, the problems of the format stem
largely from mechanical factors, thus the design of the
VPR-1 started with the construction of a substantial
transport (figure 2) of very high precision. It employed
the established Ampex l-in tape format. To quote
Anderson? ‘this effort alone yiclded vast improvements
and a recorder of outstanding stability.” While the
maximum utility, flexibility and ultimate performance
are achieved with the aid of the digital time-hase correc-
tor, the TBC-1, and the automatic scan tracking system,
AST®, the basic VPR-1 is ttself an excellent low cost
professional quality machine,

The problems that had to be solved, time base insta-
bility and tracking insceuracy, both involve the trans-
portaticn and guiding of the wpe.

Considerable tme and effort was therefore spent in
studying the behaviour of tape while being guided, and
the head-to-tape interfaces, in the various operating
modes and under various environmental conditions.
This work pointed the way to the detailed design of the

PANGLE OF WRAP

TarE auol

Figure 3. Perhaps wot fully appeeciated in the desion of
carlier helical recorders is the exponential relationship
between tape tension and the amgle of wrap (0) and
corfficient of friction (i)

transport, a lucid aceount af which is given by Hatha-
way and Ravizza.®

TAPE GUIDING

Referring to the failure of carly helical v.t.rs to handle
tape adequately, Anderson? commented that the engin-
eers had failed to understand how tape tension increases
exponentially when tape is wrapped around a stationury
guide (figure 3). It is related in fact by the formula
T T,=E*, where s is the coefficient of frictionand f the
arigle of contact. The amount it is wrapped must be mini-
mized, and rotating guides used if necessary, This serves
to illuminate clearly the tape handling defects of the early
helicals when it is realized that the coefficient of friction
varies significantly with temperature and humidity,
from one type of tpe to another, and with tape age.
One can see how the load on the cupstan and the
stretching of the tape will vary. At least as important is
the deflection of the tape line of motion with change in
p owing to the angle of wrap being different st one tape
edige, from that at the other, which can occur if the
tape is forced to twist, The difference in wrap angle may
also be due to misalignment of cylindrical guides, or
actually to the use of conical guides fitted in early
designs. These differences obviously have the most
serious effect on tracking when they occur at the scanner
entrance and exit, Tape guiding in the VPR-1 is based
on the concept of the "natural’ wpe path, and no guides
contoured to force the tape into position are used.

The angular adjustment of the scanner entrance and
exit guides in the VPR-1 is intended 10 compensate for
production tolerances (rather than to produce bias and
hence stress) so that they can be set in the ideal position,
allowing a natural tape flow. There are no routine
mechanical adjustments necessary in service to ensure
the ability to interehange tapes.

Edge guides within the sudio and viden head arcas
arc made from highlv polished ceramic material so that



8 COMMUNICATION & BROADCASTING

LONGITUDMNAL HEAD
SUBASSEEMABLICS

SUPPLY
REEL

ENTRAENCE
GUIDE

SCANNEA
RECORD
HEAD

IDLER

AUTUMN 1977

END-DF-TAPE
SENZOR

TENESIDN AR
TIMER
IBLER

FMNEH

CAFETAN

EXIT
oot

AST WEFLAY
HEAD

Figure 4. Layoat of the MRI transport illustrating the straightforward tape path

the tape flow is permanently established. Stability of the
guiding clements 12 ensured by their substantial con-
struction and attachment to the base eastung (figure 5).
No movable guides are employved since these were in
part respensible for interchange problems in earlier
machines.

Excessive friction between the tape and the various
surfaces it contacts will cause serious problems inoa
helical recorder, For the VPR-1 careful studies of
surface finishes and coating were made in order to
determine the aptimum treatment for cach surface. In
the case of the audio and contral track heads, for
example, the entite contacting surfices are couted with
carbon particles by an impingement process, This not
only reduces wear but also prevents the surfaces from
becoming highly polished, which esuses  stick-slip
problems. For each tape guide also the optimum finish
was selected in relation to s angle of wrap and tape
tension,

CAPETAN
The ﬂl:?-i.grl of the capstan system 1% of course of primc
importance in achicving a uniform tape speed.

The surface of the capstan must have a long hife and
provide a reliable and positive tape drive despite
changes in tension and in environmental conditions, In
an extensive lesting programme many surface finishes
andl trentments were investigated, and it was found that
a ceramic-coated surface provided better characteristics
than the pliin stainless steel capstan used in maost
recorders. The associated pinch roller is equally import-

ant, and a amilar comprebensive programume of inves-
tigation was embarked on to find the optimum con-
ﬁgurntiun.

The capstan drive is from a fully-servoed d.e motor,
andd in the interest of gentle tape handling, the rate of
acceleration on start-up is sutomatically controlled.

REEL DRIVES

Baoth the supply reel and take-up reel employ d.c motors
driving the reels directly (Agure 6). They arc fully
servocd so as to provide constant tape tension on both
the entrance and exit sides of the scanner, Fast shuttling
at 3in per second is provided, but o avead rough
handling of the wape ot the end of the reel it is auto-
miatically slowed before the end is reached.

SCANNIR
The large angle of wrap round the scanner drum of
course calls for particalar attention 1o reduce friction,
It eomprises an upper part rotating at 50 or 60 révolu-
tions per second carrying the record, replay and erase
heads, and a lower fixed part. The rotation of the upper
part produces efficient local air lubrication, but special
attention has to be given to the surface finish of the
lower part to develop an adequate air film at the much
fower relative tape speed, especially when in slow
MG,

The optimum finish, arvived at after many tests under
various environmental conditions, comprises machining
the surface in a pattern of fine grovves of a particular
form, the surface being finally anodized by a special
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Linj

|:I. )

Figure 5. The substantial construction of the MR, which has eliminated the prohlems cawsed by mechanical weak-
mess of earlier helical recorders, iz illustrated by these representialice. components: (a) the transport base casting:
(b} lemgrtndinal head assemblly - (€} scammer exif gride

9
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Figure 6. Qe of the reel drice assemblies, iy which the
modor drives the reel divectly. This ales dlustrater the
umitrzed type of estembly used throughout the MR{ which
Sfacifiiates meaintenance

process which applies a durable finish whilst not spoil-
ing the groove pattern. A low coefhcient of friction is
achieved with little vanation with temperasture and
humidity.

Time base correction

The leatures of the transport design described above
provide a greatly improved stability in tape movement,
but, us with all other types of recorder, electronic time-
base correction must be applied to the output signal in
order to satisfy broadcast standards. For the VPR-1 a
new  wide-range  digital time-hase  corrector,  the
TBC-1, has been designed. The TBC-1 also com-
pensates for the iming changes that ocoor in the stll-
frame or slow-motion modes as a result of the change
in tape speed, and thereby brings these modes up to
broadcast quahey (figure 7).

Automaltic scan tracking

The Automatic Scan Tracking system for the VIR-1,
ABT® is a major new development in the field of video
tape recording which enables the recorder to provide
valuable operational facilities not hitherto available,
The AST* system comprises an additional head for
reply which can move laterally, the head movement
being automatically controlled by a closed-loop servo.
Tracking errors are detected by continuous mensure-

AUTUMN 1977

ment of the envelope of the r.f signal from the replas
head and a correction signal is developed which is
applied to a mechanical transducer, a ceramic picro-
electric element, to which the replay hesd is attached.
The range of movement of the head covers several
track widths, amd it is therefore able to follow the
recorded track in the still-frame or slow-metion modes
where the truck anple changes. This eliminates the
‘noise bar® otherwise visible in the picture which occurs
with 2 normal fixed head when the scan leaves the
recorded track {i'lgun‘ Tl While the prresence of the
noise bar may be tolerable when still-frame or slow-
motion are used for hasic editing purposes, with AST*
fitted and the TRC-1 time-base corrector in use pictures
of full broadeast quality are obtained,

EDITING CAPARILITY

The combamation of the non-segmented, Geld-per-scan
helical format of the VPR-1 with AST® and time-base
correction mikes {t possible to edit videa tape in the
same way as film, uging the sull-frame and slow-motion
facilities. Video recordimgs can be examined frame-by-
frame, forward or backward, at any point in a ‘M-
minule programme, 35 can be done with film on the
well-known ‘Maovienla” editor,

ELIMINATION OF INTERCHANGE TRACEING PROBLEM=

The automatic tracking capahility of AST®, coupled
with the high inherent tracking accuracy of the new
transport, gives the high interchange confidence essen-
tial in broadcasting operations. While not necessary 1o
guarantee interchunge under normal conditions, the
AST* system can eliminate the tracking uncertaintics
caused by sbnormal tape dimensional variations which
can sometimes arise through rough handling, tempera-
ture and humidity, age or defects in manufacture,

ADVANTALES OF SEPARATE REPLAY 11EAD

A separate replay head as afforded by the AST* system
has some very useful practical advantages. First, the
head may be used during recording to monitor the

TIMING DEFFERINCE RISTOAED
Y TIME BASE CORRECTION

MEAD PATH WATH TAPT STATIONANY

OIRECTION OF TAPT MDT .'Q'«l'..?-
-

— o s

‘\\ o
HEAD PATH CORNESTED 8Y AST

RECORDED TAACE

Fioure 7. Hlnstrating the oripm of tracking awd teming
errors i still-frame o wlome-motion meddes, and their
elcmmation with the aid of AST* and time hase corvection
{mar fo scale)
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recorded track at normal replay quality and so afford
videa confidence. Becond, the replay head provides a
maost convenient method of record optimization. Third,
in design the record and replay heads can be optimized
for their specific functions, and thus the compromises
involved in the single record/replay head can be
avoided.

Relative performance of quadruplex and the
VPR-1 video tape recorders

Although the quadruples v_t.r is capable of an excellent
performance, producing first generation recorded pic-
tures often indistinguishable from the original, this
demands 1 considerable setting-up and maintenance
etfort, In a survey of quadruplex v.t.r usage at a major
British independent television company, line-up pro-
cedures required nearly a quarter of the scheduled
machine time, according to Kelly and Urban.® They
add that the actual time devoted to alignment was
probably nearer 10%;, but until a greater certainty of
performance isshown, itwould not be possible to reduce
the scheduled line-up time,

Because the performance obtainable from a video
recorder, at least in terms of bandwidth, signal-to-noize
ratio and lincarity, is obwviously some function of the
area of tape used per unit time, the low tape consump-
tion of the VPR-1 calls for some comments, Tt is first
of all clear that the original Quad I 15in/sec (38em)sec)
of Zin wide tape iz no longer necessary, and in the pro-
posed Quad 11 standard, the same performance can be
obtained at half that speed. While the VPR-1 tape
consumption 15 even lessar U.5injsec (24cmsee) of 1-in
wide tape, and it writing speed relatively low, the
relatively gentle head tape impact of the helical machine
enables ferrite heads to be used, with their better h.f
response.

It seems likely that the overall subjective picture
quality on the average, especially after a number of
generations will not be very different in the two types
of v.t.r, bearing in mind the absence of head-banding
in the non-segmented helical.

In audio performance the helical recorder has the

advantage of the longitudinal erientation of the mag-
netie particles in the tape, whereas in the quadruplex
tape this has to be transverse in the interest of the video
tracks.

Format standardization

At the time of writing, working partics of the SMPTE
and of the KRU are near to agreement on 1-in non-
segmented helical recording standards for 525 and 625
line television systems. Both Marconi and Ampex have
plans in hand for the ready accommodation of any
changes from the present MR1 and VPR-1 format for
users who wish to adopt the new standards. A detailed
diseussion of the formats will therefore remain for the
time being a subject for a further article,
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