Engineering Committee Report

A Study of Maintenance Requirements for
Component Level Diagnostics in Digital Equipment

By Tom Cavanagh and Keith Field

The SMPTE Ad Hoc Group on
D-1 Applications was formed by the
Working Group on D-1 Component
Digital Television Tape Recording
(DTTR) to investigate and propose
answers to operational questions,
such as maintenance, that arise in
planning for D-1 television recorders.

Broadcast engineers have been
forecasting the digital revolution as
imminent for at least ten years, but
when the first Type D-1 DTTRs were
produced in 1987, a well-defined
benchmark for the digital revolution
and the all-digital studio was at last
firmly established.

Digital television is a reality, not a
dream. It could, however, be the be-
ginning of a high-cost nightmare un-
less it is ensured that local broadcast
technicians are capable of maintain-
ing and repairing this new and com-
plex technology. At present, manu-
facturers too often espouse the view
that troubleshooting and repair of the
next-generation digital equipment is
beyond the capability of broadcast
maintenance staffs. However, it is the
belief of the Ad Hoc Group that the
long-term interests of the industry
can best be served by adopting a posi-
tion that manufacturers are responsi-
ble for providing diagnostics, docu-
mentation, and training sufficient for
a competent maintenance technician
to locate faults down to the compo-
nent level. To address day-to-day
equipment maintenance needs, tech-
nical management must direct the ef-
forts of its maintenance staff in spe-
cific types of activity.

This article will discuss a number of
maintenance activities which must
coexist in today’s analog digital pro-
duction facility if the established
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maintenance needs are to be met.
Manufacturers must come to under-
stand that most equipment owners
have a need for not only emergency
repairs but on-line, off-line and pre-
ventive maintenance as well, where
faults are repaired to the component’s
level and equipment is maintained to
specifications.

Component is defined as any sub-
assembly, sub-subassembly, or part
that is used in the manufacture of a
DTTR orits interfaces. Because some
mechanical assemblies and electronic
circuitry are extremely complex in
function, the definition of a compo-
nent does not always remain the same.
More specifically, complex function
chips such as a Program Logic Array
(PLA) or Application Specific Inte-
grated Circuit (ASIC) should be user
replaceable if defective, as should am-
plifiers, MSI and LSI chips, regula-
tors, drivers, decouplers, and similar
devices.

In the signal system where several
VLSI circuits may be found assem-
bled — for example, encoders as er-
ror encoders, decoders or multiple fil-
ters — should, although they are sub-
subassemblies, be considered as
components and be replaced as a unit
if defective. A mechanical assembly
or subassembly such as a motor or
shuttle control is considered a compo-
nent unless it contains user replace-
able/alignable brushes, potentiome-
ters, clutches, etc.

Responsive Maintenance

The repair of failed equipment is an
important aspect of maintenance ac-
tivity. When the equipment is re-
quired for use, it becomes the first
priority. This maintenance work is
done in response to events, hence the
term “responsive maintenance.” The
term “firefighting” is often used to
describe this activity.

Generally speaking, if equipment
which is necessary for the production
or broadcast of programs fails sud-

denly and without warning, there
must be a maintenance technician
available to make emergency repairs.
That person must have the skills to
effect rapid repairs under pressure of
time, and must be supplied with the
necessary tools and spare parts.

Therefore, maintenance shops
must be staffed at all hours when
these services are required. The deci-
sion as to the urgency of the service
must be based on the potential impact
of failing to provide the service.

It should be noted at the outset that
there is always an impact due to fail-
ure, and the amount of reduction of
this impact by prompt and efficient
maintenance action may or may not
be significant, depending upon the
circumstances. For example, failure
of a key component during a 15-min-
ute newscast might take 10 or 15 min-
utes to repair and the program could
be lost. An equivalent failure during
an editing session could be covered by
a coffee break with minor inconve-
nience.

Restoration of service is speeded up
by the availability of backup equip-
ment which can be plugged in to re-
place a failed device. Spare modules
for equipment serve a similar purpose.
The principle is to reduce the time
spent identifying the source of a fail-
ure by enlarging the size of the blocks
being examined, hence reducing the
total number which need to be looked
at to find the faulty one, and then to
reduce the repair time by rapidly re-
placing a faulty block by one known to
be good. The faulty item must, howev-
er, be repaired later, preferably off-
line when there is no immediate ur-
gency.

Backup equipment or modules may
be provided specifically for this pur-
pose (equipment redundancy), or
equipment which is not in use, or is
being used by a lower priority pro-
gram, may be appropriated. If the
blocks are large enough, operators
may be able to isolate the faulty one
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and replace it in the signal path, thus
obviating the need for immediate
maintenance. Subsequent repair of
the faulty item by a maintenance
technician remains necessary. Emer-
gency repairs are, by definition, un-
scheduled, and emergency mainte-
nance activity is therefore not readily
subjected to managerial control.
Scheduling of staff in terms of time
and numbers and assignment of work
must be done on a more-or-less statis-
tical basis.

Reactive Maintenance vs. the Job
that Needs to be Done

It is useful, at this point, to investi-
gate how effective a program of emer-
gency maintenance really is.

Remaining on the Air

If a line in the transmission path
fails in service, the program is off the
air. The goal of emergency mainte-
nance is to restore service as quickly
as possible. Emergency maintenance
therefore concedes loss of service, and
focuses on minimizing the duration.
Rapid repair is essential, but the dam-
age in terms of lost audience is likely
to be more severe than the duration of
the loss of service. If operators or
automatic changeover systems cannot
very quickly substitute a functional
signal path for the failed one, mainte-
nance must take over. Invariably, sev-
cral minutes or more will elapse and
portions of the audience will switch to
other channels, where they may re-
main for the duration of the program
period. Loss of continuity in program-
ming thus expands the impact of fail-
ure, and even very efficient mainte-
nance cannot compensate.

There may also be a loss of com-
mercial revenues, depending upon the
time and duration of the failure. In
this case, prompt restoration of ser-
vice will minimize the loss.

Providing High Technical Quality

There are three prerequisites for
the achievement of high technical
quality:

e The equipment must be inher-
ently capable of delivering it.

¢ The equipment must be operated
so as to take maximum advantage of
its capabilitics.

e The equipment must be adjusted
and maintained to operate according
to its specifications.

Of these, the first two are beyond
the control of maintenance. However,
maintenance technicians, as technical
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specialists, are more knowledgeable
of the internal function of equipment
than operators and are therefore more
aware of the implications of opera-
tional factors on technical quality.

The maintaining of equipment
within its technical specifications is
not effectively handled with a pro-
gram of emergency maintenance, be-
cause emergency maintenance is only
done in response to reported faults.
The success of the program is there-
fore directly related to the ability of
the users (operators and production)
to detect the often subtle effects of
almost-but-not-quite-within-spec op-
cration. While it might be argued that
effects so subtle that a trained opera-
tors does not detect them are unlikely
to be significant to the home viewer or
listener, there is a cascading effect —
if all equipment in a signal path is
operating just at or outside the limits
of its specifications, the overall path
will probably be significantly degrad-
ed, and yet a cursory examination of
the various links in the chain will not
reveal the source of the degradation.
If all equipment is maintained well
within its specs, then the source of any
degradation appearing at the ends of
the chain can be more readily tracked
down.

It is therefore logical to argue that
maintaining the specs is really not
good enough; the equipment can usu-
ally be adjusted to be better than spec,
and ought to be adjusted to ensure
maximum quality in a complex signal
path.

Emergency maintenance is often
done under pressure, and the equip-
ment is returned to service in working
order. There is no opportunity for a
thorough check in such circum-
stances, and any noncatastrophic con-
ditions will not be repaired. If the
faulty equipment is replaced and re-
paired off-line, there is an opportunity
to do a complete checkout, and the
chance should not be wasted.

In principle, the necessity for a
catastrophic failure to occur before
equipment will be adjusted is not con-
ducive to consistently optimum align-
ment. Equipment which does not fail,
and thus rececives consequent atten-
tion from maintenance, may operate
for long periods of time in poor condi-
tion before anyone notices and draws
it to the attention of maintenance per-
sonnel.

Reliability in Technical Operations
Reliability means freedom from

failure. Emergency maintenance docs
not respond to this requirement be-
cause it does not occur until after the
equipment has failed. Emergency
maintenance can only address the
question of maximum repair effic-
iency to minimize the impact of fail-
ures on schedules and budgets.

Maximizing the Value Received in
Return for the Investment in
Equipment

Emergency maintenance activity,
as suggested above, does not focus on
obtaining maximum quality from
equipment. It is therefore usual for
cquipment operated in such a mainte-
nance environment to tend to be in
less than optimum operating condi-
tion. Its performance may well be de-
graded to that which can be obtained
from lower-priced equipment, raising
the question of how the purchase of
the more expensive item can be justi-
fied.

The counter-argument is, of
course, that this lower-priced equip-
ment, operated in the same environ-
ment, would be even worse, and would
probably require extra maintenance
to maintain even that level of perfor-
mance. It must be concluded that, in
an environment of emergency-only
maintenance, good-quality equip-
ment is a good investment, but that
the broadcaster does not receive full
value for the investment. The minimal
attention received by equipment in
such an environment is not conducive
to promoting an extended lifetime.

Maintenance Procedures

Emergency Maintenance

Emergency maintenance activity is
not an efficient and effective means of
addressing technical requirements,
yet it is an essential activity which
must take first priority in a mainte-
nance technician’s workload. This
contradiction between the necessity
for the service and the potentially lim-
ited benefits which accrue from its
being done as well as possible indicate
the scope of the problem faced by
maintenance departments, and sug-
gests the potential for friction and
misunderstanding between mainte-
nance and operations/production,
even in situations where emergency
maintenance is conducted in an exem-
plary manner. Therefore, the strate-
gic thrust in the area of emergency
maintenance should be directed to-
wards optimizing the speed of repairs
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or optimizing the speed of restoration
of normal operating conditions.

At first glance, replacement of a
failed unit followed by off-line repair
appears to be the most effective strat-
cgy from an operational point of view.
In practice, to implement this strate-
gy, it is necessary to have functional
spare units on the shelf or designated
spare machines within the plant,
which can be used to substitute the
failed unit. There s, therefore, a plan-
ning and prioritizing process and ne-
gotiations with production which
must be undertaken to determine
what, if any, blocks, at what cost, can
be substituted following failure and
the source of alternative block units
for replacement purposes. In-situ re-
pair as a solution in general is the
practice today for most broadcasters
because:

¢ Thecost of a full set of modules is
higher than that of a complete ma-
chine.

¢ It cannot easily be predicted
which modules to purchase if the bud-
get only allows a few to be chosen.

 Itistootempting to leave a spare
module in defective condition follow-
ing a substitution.

e Spare modules too frequently
will not work on another machine or
one that is not the same.

e A spare machine for mainte-
nance is a luxury that no one can af-
ford in a busy production center.

On-Line vs. Off-Line Maintenance

The term “on-line maintenance”
refers to maintenance work being
done to equipment which is booked to,
and being used, by production. This
work is therefore subject to severe
time constraints. It must be done un-
der pressure, and often under the eyes
of an impatient producer or artist,
with the knowledge that program
schedules and budgets may be direct-
ly influenced by the efficiency of the
individual maintenance technician.

The urgency to return the equip-
ment to service may dictate that some
side effects of failure may not be able
to be adjusted; new components may
change circuit characteristics, mak-
ing alignment desirable to optimize
performance, but there is pressure Lo
accept a *“‘good enough — let’s get
back to work™ point of vicw. The slow-
down may force production and main-
tenance to compromise some techni-
cal quality in order to minimize the
impact of the failure on schedule or
budget. Under such circumstances,
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maintenance staff would come back
to the cquipment later to finish the job
properly.

The term “off-line maintenance”
refers to maintenance work being
done to equipment which is not
booked to or in use by production.

The equipment may be under
maintenance because it has been sub-
stituted for in the production area fol-
lowing catastrophic failure, as a fol-
low-up to on-line maintenance which
could not be completed due to produc-
tion pressure, or to clear up soft faults
which were previously identified but
not repaired because of production
pressures.

Off-line maintenance tends to be
thorough, because there is no pressure
to release the equipment immediately
for production, although there may be
a deadline due to impending produc-
tion needs. Therefore, equipment sub-
jected to off-line maintenance is likely
to emerge from the process in better
condition than if the process was on-
line.

Preventive Maintenance

Preventive maintenance is work
which is done, not in response to re-
ported faults, but in the expectation
that doing it will reduce the number of
faults which subsequently occur. An
examination of technical writings and
discussions with a broad sample
of people in the television and radio
industry reveals that almost nobody is
opposed to the concept of preventive
maintenance. However, many who
are in the position of administering
technical plants feel that they are not
able to implement a thorough preven-
tive maintenance program because of
time and staff constraints.

It is clear that the process of pre-
ventive maintenance consists of iden-
tifying potential in-service faults and
taking action to prevent their occur-
ence. Since, by definition, a potential
fault has not yet occurred, any work
which is defined for a preventive
maintenance program must be based,
not on current status, but on experi-
ence.

The preceding argument is general-
ly true for catastrophic failure of com-
ponents, but must be revised when
considering soft faulits, since these
usually develop over a period of time
and can be anticipated by looking at
the current condition of the equip-
ment in comparison to a reference
standard. Such maintenance is cer-
tainly preventive, but it is more appro-

priate to refer to it as routine, as it
consists of routinely examining equip-
ment and adjusting it, when neces-
sary, to return it to peak operating
condition.

Perceived Situation

It appears that manufacturers do
not understand that emergency repair
does not represent a significant part of
the workload for a technician in a
well-maintained plant. The high level
of skill is concentrated on preventing
trouble. Manufacturers of digital
equipment appear to be espousing the
view that digital video and audio
equipment will be so complex that
broadcasters’ maintenance staffs will
be unable to troubleshoot and repair
them. This position is predicated on
the idea that the majority of their cus-
tomers are small private stations.
They propose to deal with this situa-
tion by:

» Providing on-board diagnostics
to identify faults to module level.

s Providing a module exchange
service so that component-level ser-
vicing is done in the factory rather
than in the broadcasters’ mainte-
nance department,

Impact

The vendor benefits from this ar-
rangement in several ways:

e He can provide a lower level of
documentation, since less mainte-
nance is done by the user.

¢ He can provide less training, for
the same reason,

e He can sell the module repair
service.

e He can cut costs by providing
minimal diagnostics.

The user is impacted by this ar-
rangement in several ways:

e The support needed for compo-
nent level maintenance is not provid-
ed, depriving him of the choice and
obliging him to use the vendor’s fac-
tory service while still maintaining
the same level of staff for their knowl-
edge of technical systems.

¢ The cost and turnaround time of
the contracted repair service is be-
yond his control and is in addition to
current budget requirements.

e Many more spare modules must
be kept in stock.

o At first glance there appears to
be a long-term trend toward a lower
workload in the maintenance depart-
ment but further study shows that just
as many staff are required to accom-
modate a changing workload.
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e The training requirements for
staff on digital equipment will in-
creasc dramatically at first just as
they did when color was introduced.

¢ There will be a reduced need for
new and specialized test equipment.

e Fewer components need be
stocked.

e Emergency repair through re-
placement of modules is only the first
level of maintenance but does not rep-
resent the major part of the mainte-
nance workload, i.e., all problems arc
not solved by simply changing a mod-
ule.

e The usc of on-board diagnostics
to module level improves restoration-
to-service time by identifying faulty
boards immediately (however, this
level of diagnostics would also be pro-
vided in the case of in-house compo-
nent-level maintenance).

Analysis

Certain aspects of the above are
worthy of closer scrutiny.

Maintenance Workload

While the module exchange pro-
cess might suggest a potential staff
reduction resulting from reduced
workload, the short-term conse-
quences are minimal, due to a need to
continue servicing the existing analog
plant, and the long-term possibilities
arc tempered by the fact that therc
must be a maintenance establishment
to deal with such tasks as: mechanical
maintenance; power supplies and
other non-modular, non-digital units;
system problems encompassing sev-
eral pieccs of equipment; problems
which are not solved by module sub-
stitution, and maintenance of equip-
ment for which no factory repair ser-
vice is offered.

Skill Level of Maintenance Staff

While the removal and replace-
ment of a module flagged by a flash-
ing red lamp on the panel is essentially
an unskilled function, the list of other
maintenance activitics given above
suggests a skill level not significantly
lower than would be needed to do full
component-level maintenance; in
fact, the last item on the list is exactly
that.

Training Requirements

The training requirements for spe-
cific pieces of cquipment will be a
function of the nature of the mainte-
nance needed. Thus, less will be re-
quired for equipment serviced by
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module exchange. However, a certain
level of understanding of the equip-
ment and appropriate basic training
in digital electronics is needed in any
case, as previously mentioned.

Spare Modules

To achieve rapid restoration to ser-
vice, spare modules are used, even in
the case where module repair is done
in-house. On the basis of expcrience
with factory repairs, it is estimatcd
that twice as many spares would be
needed to provide adequate guaran-
tees of equipment availability if no in-
house repair service is available. The
cost of a complete set of spare mod-
ules for a piece of equipment is esti-
mated to be 1.4 times the cost of the
equipment itself (given that all mod-
ules of the same type will function
properly when interchanged from
machine to machine). This suggests
that the purchase of sparc units is
more economical than the purchase of
sets of modules. The units must not be
placed in-service, however, but must
be reserved as maintenance spares.

On-board Diagnostics

The provision of on-board diagnos-
tics to module level is essential in any
digital maintenance scenario, as it is
the only practical way of assuring rap-
id restoration to service through sub-
stitution. The choice of factory repair
relicves the vendor of the requirement
to supply the morc extensive diagnos-
tics necessary for efficient compo-
nent-level maintenance.

Programmable Chips

Frequent use of PLLAs, EPROMs,
and PROMs of the same type is antic-
ipated in the DTTR machine design.
Without appropriate listings and the
ability to program these devices, an
unnecessarily high level of user spares
will be necessitated, i.c., at least onc
spare for every chip of the same type
but with a different function in the
machine with the attendant increasc
In Costs.

Certain other factors must be con-
sidered in making this decision:

Cost

The potential cost impact of a move
toward factory repair services cannot
be accurately assessed, but some as-
pects of it can be discussed:

e Cost of spare module will risc
significantly.

e Cost of training will be slightly
lower, due to reduced manufacturer

training, but some is still required,
and basic digital technology training
is still necessary.

e Cost of factory repairs in cur-
rently available programs list prices
of the order of 25% of the cost of a new
board. Expericnce suggests that the
actual cost may be significantly high-
cr, due to shipping and customs ex-
penses.

e Capital cost of equipment may
be lower if the manufacturer passes
on his reduced costs (less training to
provide, less comprchensive docu-
mentation, no nced for component-
level diagnostics).

Experience with Factory Repairs

Experience with outside repair ser-
vices has been gencrally unsatisfac-
tory. Excessive turnaround time and
cost, and inadequate repair quality
have been noted. Therc is no reason to
assume an improved situation in the
future. In particular, turnaround time
is affected by customs and shipping,
which is beyond the control of both
broadcaster and manufacturer.

Quality of Maintenance Staff

The manufacturers arguc that the
broadcasters’ maintenance staffs arc
not capable of dealing with the com-
plexity of the new digital equipment.
While that may be true in some cases,
it is felt that the majority of techni-
cians are skilled and competent, and
able to perform the nccessary mainte-
nance if supported by adequate docu-
mentation, training, and on-board di-
agnostics - — how else would we still
be on the air?

EBU Digital Maintenance Studies

The European Broadcasting Union
(EBU) has prepared a series of re-
ports dealing with the techniques of
maintenance for digital equipment.
Their recommendations suggest that
maintenance to component level is a
practical proposition when supported
by the manufacturer with appropriate
training, documentation, and on-
board diagnostics.

Conclusion

Taking account of the various argu-
ments that have been presented in this
article, we conclude that the best in-
terests of the broadcasters will be
served by adopting the position that
manufacturers arc to be requested to
supply diagnostics, documentation,
and training sufficient to permit a
competent maintenance technician to
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locate faults to component level in an
efficient and expeditious manner. The
diagnostics to module level are essen-
tial; those to component level may be
offered as an option. The preferred
situation for machine repair to com-
ponent level is a plug-in analyzer, op-
timally remote, which strikes a bal-
ance between the obligatory built-in
first level diagnostics and the need to
repair to component level.

An Engineering Guideline for the
D-1 DTTR expressing this point of
view has been proposed to the TRRT

committee, but it is not likely to have
a significant impact on manufactur-
ers because first-gencration machine
design work has already been com-
pleted and machines will be delivered
soon.

It is noted that the provision of on-
board diagnostics and a rapidly main-
tainable design are concepts which
must be addressed by the manufac-
turer in the earliest stages of design.
Consequently, the point of view pre-
sented here cannot have significant
influence on equipment already in

production if the manufacturer
chooses to ignore the need for effi-
cient repairability of digital equip-
ment by the client.

Digital equipment is a reality to-
day, but an adequate level of diagnos-
tics, documentation, and training is
not. They will only become a reality
when and if you, the user, speaks out
loudly and clearly. Your statement
will be heard only when you insist that
diagnostic and technical support
requirements be included with
cquipment.
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SMPTE Study Group on 30-Frame Film Rate: Final
Committee Report on the Feasibility of Motion-
Picture Frame-Rate Modification to 30 Frames/sec

By Edmund M. DiGiulio

During a meeting of the Motion
Picture Association of America
(MPAA) on August 15, 1985, the
suggestion was made by Allan Coo-
per, vice-president, technology evalu-
ation and planning, MPAA, that per-
haps it would be a good idea for the
motion-picture industry to explore
the possibility of changing the frame-
rate standard for film production
from 24 frames/sec to 30 frames/sec.
Such a change would enable film pro-
duction to be directly compatible with
the proposed HDTYV television stan-
dard as well as with existing NTSC
television standards. It would also
serve to enhance theatrical presenta-
tion.

This suggestion was carried to the
Film Technology Committee of the
SMPTE and to the (then) Engineer-
ing Vice-President of the Society,
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Richard Streeter. The SMPTE Engi-
neering Director for Motion Pictures
was encouraged to form a study group
for this purpose.

The study group was charged to
investigate and report on the effects of
such a frame-rate change, and to de-
termine as best it could the effects on
the audience of how motion pictures
produced and projected at 30 frames/
sec would appear to the viewer.
Would the higher frame rate lead toa
perception of higher quality? They
were also to investigate the effects on
the projection system as to what
changes would be required in existing
projectors. If possible, they were to
report on the effect on telecines, and
on laboratory and production prac-
tices. The first plenary session of the
study group was at the SMPTE Tech-
nical Conference in Los Angeles on
October 31, 1985.

This first meeting included repre-
sentatives from around the world and,
as anticipated, the European dele-
gatcs were quite skeptical and gener-
ally opposed to such a change. The
European TV broadcasting standard,
based on a 50-Hz mains frequencys, is

25 frames or 50 fields/sec. Films shot
in Europe, specifically intended for
television release are, therefore, shot
at 25 frames/sec, while theatrical
films, which are always shot at 24
frames/sec, are shown on television in
50-Hz countries with no modifica-
tion. The 4% discrepancy in frame
rates is ignored. This makes for a con-
venient and compatible frame-rate
situation in those countries, although
a 60-min theatrical program runs for
only 57 min and 36 sec on television.

In the U.S. and other 60-Hz coun-
tries, such as Japan, film production is
generally at 24 frames/sec, whether
for theatrical or television release. For
television release, a frame-rate con-
version from 24 to 30 frames/sec is
required during the telecine transfer
process. This generally involves the
use of digital frame stores and is natu-
rally more costly and complex than
the existing telecine transfer process
in 50-Hz countries.

The proposal for worldwide pro-
duction standards for HDTV put for-
ward by both the U.S. and Japanese
delegations is based on a 60-Hz stan-
dard. Their position is that existing
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