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TELEMETRY — PAST, PRESENT, FUTURE

O. J. “Jud” Strock
Senior Applications Engineer

EMR-Telemetry
Sarasota, Florida

SYNOPSIS

On the assumption that “the past is prologue”, this paper presents an interesting and
revealing look at the telemetry technology of twenty years ago, a comparison of that with
the technology of today, and an extrapolation into the future of telemetry. Factors which
are examined include the characteristics of telemetry systems, the price per unit of
performance, and the applications in which telemetry has been, is being, and likely will be
used.

The key word in the paper is “choice”. A user or prospective user had little choice in
equipment or techniques twenty years ago; the present day technology offers a wide range
of choices; indications are that the future will offer even greater choices in characteristics
and price — and consequently, in the applications for which telemetry is a viable tool for
data acquisition and processing.

TELEMETRY IN 1958

In this paper, the period of twenty years ago is chosen as a starting point for several
reasons. First, twenty is a convenient round number. Second, 1958 was our nation’s first
full year of telemetry consciousness following the launch of Sputnik I. It was the first
International Geophysical Year. Finally, 1958 has special significance for me because I
was relatively new in telemetry and attended my first telemetry conference at Baltimore
that year.

At that time, most telemetry was proportional-bandwidth FM, PAM, or PDM. The top
subcarrier frequency was 70 KHz, which was compatible with the state-of-the-art tape
recorder and its 100 KHz frequency response. We were building the Titan telemetry
equipment in 1958; there were fourteen VCO’s, a 90 x 10 PDM commutator, and a
45 x 20 PDM commutator, all mounted with a 100-watt VHF transmitter in a 65 pound
pressurized package. In ground stations, ten discriminators filled a rack. Each PDM
decommutator filled a rack.



Reduction of telemetry data was a constant frustration to the user in 1958. In one very,
sophisticated arrangement, analog data from discriminators and decommutators was
recorded on CEC 5-119 recording oscillographs. Films were developed, then taken to the
Benson-Lehner plotter where tens of thousands of points on each trace were converted to
punched card data for entry into an IBM 704. The experimenters with high priorities were
able to get their data processed in thirty to sixty days; the lower priority users probably
retired before their data was ready for them!

The domestic market for telemetry in those days was primarily government funded.
Aircraft and missile development accounted for a large percentage of the usage. There was
very little export business in telemetry in 1958.

There was one paper in 1958 on industrial telemetry to monitor petroleum distribution — a
field which was relatively well advanced at that time. Other papers at Baltimore related
mostly to aircraft and missile uses, although there was discussion of medical and other
possible uses. The market areas were mainly domestic, mainly government funded, and
mainly air and space in 1958. Other would-be users had little choice — use the available
equipment or do without telemetry as a tool for their applications.

TELEMETRY IN 1978

As we all know, proportional-bandwidth in FM, PAM, and PDM are still appropriate for
some applications. However, in the field of FM, we find that constant-bandwidth systems
are much more popular than proportional-bandwidth systems. Subcarriers cover the
spectrum to at least 250 KHz, and sometimes to several times that frequency. The tape
recorder technology has expanded to the point where Sangamo offers 4 MHz response on
their Sabre X machine at 240 inches per second. In many cases data transmission
bandwidth is the eventual limit on system performance in the analog domain.

The PCM technology, not a large factor in telemetry twenty years ago, is today’s
workhorse with more dollars being spent today for PCM equipment than for all other
telemetry equipment combined. A user can choose size, accuracy, resolution, sampling
rate, package configuration, environmental capability, and other characteristics, then pay
an appropriate price for his encoder system instead of being forced to accept or reject
another user’s system characteristics and price. At the ground station an equally significant
choice is available; the decommutator can be a $4,000 manually controlled box with one or
two channels of data decommutation and display, or a $2 million telemetry-computer
system under telemetry oriented software control and including several forms of data
display, and storage — or anything in between these extremes. You, as a user, have a
choice; pay for what you need and no more. If we define a unit of performance in
telemetry as being the encoding, transmission, storage, decommutation, processing, and



display of a single data point, then the price of a unit of performance in the typical
telemetry system (either FM, PAM, or PCM) is lower today than in 1958.

Another advance in the past twenty years is the instant availability of processed data. The
user can even interact with his experiment in some cases, observing processed telemetry
data in real-time with calibration, conversion of each data point to engineering units, and
issuing commands to the vehicle or other device being monitored.

Because of the choice which a user can exercise, new market areas have opened in the
past few years. Telemetry is being used in many new areas where data from an
inconvenient location is to be observed in a convenient location. The data source location
may be inconvenient because of small space (sounding rocket, for example), danger
(nuclear reactor or bathysphere), discomfort (electric power generation or distribution or
petroleum distribution), cost (patient monitor in hospital or meteorological sensing),
overabundance of data (aircraft flight test), or other reasons.

Some specific uses of telemetry in 1978 are enumerated below:

1. Aircraft flight tests — Another paper in this session describes telemetry for the B-1
Bomber.

2. Spacecraft — Another paper describes the Space Shuttle telemetry.

3. Electric Utilities — Another paper describes telemetry used in this industrial
application.

4. Sounding rockets and other scientific experiments in the upper atmosphere and outer
space.

5. Automobile Testing — This includes research as part of industry’s requirements, as
well as safety compliance testing.

6. Tractor Testing as part of product development and improvement.

7. Oceanographic Research.

8. Weather Forecasting — This science has long been hampered by the difficulty of
collecting data from remote locations in real-time.

9. Airport Safety — Our company has wind-shear measurement systems at several
major airports, and is under contract to instrument quite a few more airports soon.



These systems give an approaching or departing pilot information on dangerous wind
differentials.

10. Pollution Monitoring — The science of ecology is heavily dependent on accurate,
low-cost, reliable data collection equipment to monitor the quality of the air we
breathe and the water we drink. We have been active in water monitoring for several
years, and are experiencing an expanding market in this business area.

11. Mass-transit Monitoring — We have installed equipment at Boston MTA stations to
provide constant assurance of the proper operation of all equipment at the stations.
Telemetry can help you get to work on time; perhaps more important, it can help you
get home on time!

12. Patient Monitoring — The cost of full-time personal monitoring of patients in
intensive care is staggering. Telemetry is enabling hospitals to give increased care at
less expense per patient.

13. Petroleum Exploration — EMR was formed in 1941 and initially staffed by
instrumentation engineers from Schlumberger, a petroleum instrumentation company.
Now, the technology transfer in our company is a two-way street, with EMR
Telemetry being used by the petroleum industry for on-shore, off-shore, and even
unmanned submarine instrumentation as petroleum exploration expands.

14. Distribution Monitoring — Water, gas, petroleum, and electricity.

15. Building Utilities — As the cost of manpower and the complexity of climate control
and other commercial utility systems increase, the viability of telemetry as a
monitoring and annunciation tool increases.

TWO EXAMPLES OF 1978 GROUND STATIONS

Two systems in current production demonstrate the range of choices which a user has in
the PCM telemetry/computer ground station area. One of these, selling for about $1
million, is to be used by NASA for range support on their sounding rocket tests at Wallops
Island, Virginia, while the second is a production system selling for $30 - $50,000, used in
quick-look data analysis.

The NASA station block diagram, Figure 1, shows the functional arrangement of the
system. Two PCM input data streams, one PAM or PDM input data stream, up to 128
analog inputs (from discriminators or other data sources), and a time code input are
accepted by the station. All data is processed for parallel entry into memory, at which



point it is accessed by either of two computer systems. Data can be displayed at the main
station, either in raw form or after real-time processing. It is stored on magnetic tapes for
further off-line processing, or stored on disks. In addition, raw or processed data is re-
formatted and transmitted via microwave link to two remote locations for display. All local
and remote displays are in color for operator convenience in data interpretation.

The three high speed data sources can be compressed and merged via the data compressor,
such that redundant or otherwise uninteresting data is discarded rather than being entered
into the computer memory. Twelve compression algorithms are available to the user, and
any one (or appropriate combinations) may be applied to any data sample from either of
the input ports.

All of the front end equipment, including the compressor, is made by EMR. We also make
the high speed interfaces to computer memory and the telemetry interrupt interface
module. The two data processors are Digital Equipment Corporation (DEC) PDP 11/60
Computers. Computer peripherals are from DEC and other manufacturers. The displays
are from several sources.

The NASA system and another fifty or more telemetry-computer systems from EMR use a
unique telemetry software system with engineering (rather than programming) language to
control the real-time operation of the system. This TELEVENT software system sets up
the front-end hardware, sets up the data path or paths within the system, acquires and
enters data into computer memory, runs certain real-time processing functions,
decommutates specific channels for display, stores data on output magnetic tapes for future
use, and runs background programs as time permits.

This entire NASA system typifies recent advances in the state-of-the-telemetry art. NASA
has had a telemetry-computer system in operation since 1968; virtually, nothing in this new
system was available when the previous one was delivered to Wallops. Data rates,
computation capability, storage of results, display of data in optimum format, and other
operational characteristics represent recent advances in telemetry-computer technology.

The other station which will be of interest is the EMR Model 708 PCM Processor. This is
a quick-look ground station which incorporates many of the same functions as the large
NASA system, yet in an abbreviated version for $30 - $50,000.

The Model 708, Figure 2, has a single PCM input data stream. The bit synchronizer is the
same type used in the large station; the frame and subframe synchronizers are similar in
capability. The computer is DEC’s Model LSI-11 Microprocessor. Operator inputs and
station outputs are via CRT terminal with a cartridge tape to load programs. Up to 32 



DAC’s are incorporated into the system. A programmable PCM simulator is included in
the Model 708 to aid in station setup.

In this processor, as in our large systems, TELEVENT software gives an engineer the
ability to run the station. The software sets up the bit, frame, and (two) subframe
synchronizers. The data path is set up by TELEVENT. Selected data channels can be
decommutated and assigned to “pages”; pages can be called from the keyboard for display
as binary data, decimal data, engineering units (after “MX + B” conversion), or bar graphs
— all under software control.

As does the large NASA system, the Model 708 typifies advances in telemetry-computer
technology. None of the capabilities of this portable quick-look system were available to a
user a few years ago. If someone wanted a telemetry-computer system, there was little
choice — take a full-scale telemetry system and a conventional minicomputer, or do
without.

A LOOK INTO THE FUTURE

Having looked at the past and present, we should be able to look into the future and
predict with confidence certain characteristics of telemetry technology and market areas.

We have seen PCM come to the forefront in telemetry for a number of reasons (accuracy,
resolution, computer compatibility, cost per channel, et cetera). We can anticipate that
PCM will continue to dominate the telemetry business for these same reasons. However,
FM and PAM have not died and are not likely to do so. There are certain systems in which
PCM offers no advantages (small systems where data is not to be entered into a computer,
for example). FM and PAM will be needed in the future as they are now. The user will still
have this choice.

Just as we have a wide selection of encoders or multiplexers now, we should see an even
wider choice in the future. The “inconvenient locations” of the data sources will dictate
some of the choices (industrial environments require one type package, aircraft another,
spacecraft another, and so on). Maintainability will be a significant factor in industrial
systems which are expected to be in operation for as much as twenty years. Cost must be
considered carefully where cost saving is the major justification for the procurement of a
telemetry system. The top priority in encoder/multiplexer packages for industry will not be
resolution or accuracy as it has often been on military and space programs, but may be
cost, ruggedness, reliability, or maintainability.

We will see continued advances in ground station technology in the years to come. As we
have just discussed, the trend in the past few years is toward real-time computation and



data display, so that a user may participate in test programs and interact with an
experiment based on immediate evaluation of data. Since computer prices for a given
performance are going down every year, more and more telemetry users will progress from
the frustrations of waiting for service from a central processing facility to the convenience
and speed of a computer self-contained within the telemetry station. This involves a large
potential saving in test time also, since real-time participation in a test will mean that it is
no longer necessary to wait for test evaluations and then put the vehicle and test crew into
action again for repeats on inconclusive measurements.

Along with the incorporation of a computer into the telemetry station goes the
development of unique software such as the TELEVENT system mentioned earlier.
Telemetry software allows a telemetry engineer or technician rather than a specially
trained programmer to operate a system, thereby holding the operating costs down and
speeding the response time for new formats or new types of processing or display.

Maximum thru-put rate is always a key factor in system design. One viable area of
improvement in ground stations is the increase in data thru-put by compression of data.
Telemetry engineers have been talking data compression for years, and many are using the
technique now to increase thru-put rates by a factor of 50 to 100 or more. Yet, many are
unwilling to “discard” redundant or otherwise meaningless data (even though the raw data
is generally available on an instrumentation tape, giving an operator the privilege of
another look if the first compression algorithms are not satisfactory). Compressors are
available; EMR has had one on the market for several years and a large number are in use
today. The attitude of other telemetry users surely will change as data rates increase or as
real-time computation requirements become more complex.

A compressor examines each word in a format, and applies the desired compression
algorithm or algorithms to discard, regardless of content, or accept, regardless of content,
or discard N sequential words, then accept one, or discard if selected bits are identical to
the last sample, or discard if the bits match a certain pattern, or discard if the bits do not
match a certain pattern, or discard if the word differs from the last sample by more than a
given amount, or discard if the sign of the slope has not changed since the last sample, or
discard if the value is within limits, or discard if the value is not within limits, or discard if
the value is between the previous minimum and maximum values, et cetera.

On the subject of increased thru-put, we expect to see array processors used frequently for
repetitive time-consuming calculations in real-time computer systems. This technique has
been used to advantage on several systems already.

Data recording rates are often a severe bottleneck in system operation. Instrumentation
tape technology has moved along rapidly, from the 100 KHz at 60 IPS recorder of twenty



years ago to Sangamo’s Sabre X, for example, with a direct response of 4 MHz at 240
IPS. The technique of high-density digital recording (HDDR) allows 8 megabit-per-second
digital recording on each track of the Sabre X, or more than 100 megabits per second on a
14-track recorder! Yet, computer-industry standards have not kept pace, and we have the
condition where we can reproduce 500,000 16-bit words per second from one track of an
instrumentation tape recorder, “decommutate” 500,000 words per second, put 250,000
words per second onto the memory bus of a PDP-11 computer, and record only about
60,000 words per second, plus gaps on a 1600 BPI at 125 IPS computer-standard
recorder. The recently introduced 6250 bit-per-inch computer tape standard will be the
cure for this inconsistency when the typical computer center has been equipped to read
tapes of this packing density. The 6250 BPI density at 75 IPS will almost triple present
data transfer rates; we expect 200 IPS operation at 6250 BPI in the near future, which
could give us over 400,000 16-bit words (800,000 8-bit bytes on tape) per second.

MORE TECHNOLOGICAL ADVANCES

Speaking of technological advances, let us examine some other factors which are
significant to the telemetry equipment designer and user.

Solid state technology is moving rapidly. Packing density, already about 10,000 gates per
LSI chip, should increase by an order of magnitude by 1985, and the price per gate will
decrease. In the area of high-speed mass storage, we expect to have charge-coupled
devices capable of 250 K bits per chip and magnetic bubble memories capable of 1 M bit
per chip in the first half of the next decade. Fiber optics will be a viable high-speed data
transmission medium for many applications.

In computer technology, we see minicomputers performing 20-30 million instructions per
second in a few years. This speed has been increasing by an order of magnitude every five
years. The cost per instruction will continue to drop, perhaps by 20-30%. Most real-time
telemetry computers will be 32-bit machines, with significant increase in the thru-put rates.
Use of microprocessors in telemetry will increase dramatically; we will use the
microprocessor and associated logic as a 32-bit system within a very few years.

As hardware costs for computers go down, software costs will constitute an increasing
percentage of the price of the telemetry/computer system. Also, as we reach and pass 75 -
80% utilization of a given computer hardware system, increased complexity of
programming causes the applications software costs to rise exponentially, This makes it
imperative that telemetry/computer systems make use of a high-level telemetry-oriented
language (thereby simplifying programming and cutting applications software costs by 60-
80%).



We see bit rates on state-of-the-art PCM systems going to 20 to 30 M bits, with occasional
systems at 50 or even 100 M bits. The limitation now is not as much in the encoder as in
the transmission link and bit synchronizer, And speaking of bit synchronizers, we see fully
tunable 25 M bit units, limited-tuning 50 M bit units, and fixed-tuned units to several
hundred megabits as the requirement for such performance develops.

We expect that PAM (used mostly by the Navy now) will continue. We see 500,000
channels per second on PAM systems by the mid-1980’s. In FM, we anticipate relatively
modest expansion of subcarrier frequencies and data rates; EMR has had a 25 MHz
discriminator on the market for ten years and the sales have been limited to a few rather
specialized applications, which would imply that the telemetry world is not waiting for
dramatically higher subcarrier frequencies and data frequencies in FM.

 Another technological advance in our business will be the form in which data may be
presented to a user. Look at the advances in the past few years, and you can speculate that
we will have even more opportunities for meaningful data display. We will see better and
faster graphics terminals and other readouts, with more use of color and of alphanumeric
annotations. There will be more operator interaction from a display terminal, not only to
call data, but also to modify the processing functions or constants.

Through all of this speculation, you see the increased choices which a user has — use
PCM or PAM, use a highly accurate encoder or a low-cost encoder, use a telemetry
computer or not, use a high-level software system or hire a programmer, compress data or
not, and use sophisticated displays or not. For each selection, there are advantages and
disadvantages for a given application. Pay your money and take your choice,

MARKETS OF THE FUTURE

As the choices of a prospective telemetry user increase, there is a corresponding expansion
in the potential need for telemetry systems. We have already discussed the markets of
1978; probably, most of these market areas will grow in the next few years. New market
areas are certain to develop as others learn of the application of telemetry to their
problems.

The industrial market shows exceptional potential for expansion, There are several reasons
which we see for this:

1. Industry is looking for new ways to do existing jobs. Labor costs have gone up
rapidly to the point where automation is seen as a cost-saving technology.



2. New jobs in industry are more complex than were their counterparts a few years ago.
Manufacturing equipment is more complicated, and requires higher capability
operators and maintenance personnel unless processes are automated. Equipment
outages are more costly now because of higher production rates per machine.

3. Competition and regulation by government are causing industry to evaluate new
product designs more thoroughly before they are released to production.

4. Ecology-consciousness, either as a moral or a legal requirement, causes industry to
collect and evaluate more data than ever before.

For these reasons and others, and because lower-cost telemetry equipment is now
available, we need to put our brains to work and keep our eyes and ears open as we look
for opportunities to expand the business of data collection.

The potential for export of telemetry systems is even higher than the domestic potential.
Most foreign countries were relatively unfamiliar with telemetry a few years ago, but most
of the world is aware now of the availability of this tool. EMR sells to most of the free
world; exports account for a significant portion of our total telemetry business. Perhaps the
best example of new export business is Japan, where we sold about $1 million of telemetry
equipment this year, as compared to virtually nothing ten years ago. Part of this has to do
with the declining value of the dollar as compared to foreign currencies, but the major
factor is their recognition of telemetry as a valuable tool for research and development.

Another large market area, mostly domestic, is in the updating of existing telemetry
stations. Any station, more than five years old, can be improved dramatically through use
of newer hardware and software. We expect most current users of telemetry to look
closely at the available instrumentation tape recorders, computer-controlled front ends,
data compressors, computer entry speeds, computation power, magnetic tape recorders for
output data, displays, and telemetry oriented real-time software to control their stations. In
many cases, new or expanded systems are an absolute necessity because of excessive
work loads on existing equipment. In other cases, the justification may be the need for
better computation and display in order to provide more acceptable results to the users.
Whatever the reason, many telemetry stations are updated each year, and the number and
magnitude of the revisions will increase.

BENEFITS TO MANKIND

During the past twenty years, telemetry conventions have come and gone rather quietly as
far as the rest of the world was concerned. About the only glory a telemetry engineer got
was from the manned spacecraft programs, and even then it was necessary to remind your



children occasionally that you “worked on that system — yes, the one that you just saw on
TV.” This will not change in the future. We are the silent partners of astronauts, aircraft
designers, farm equipment builders, automobile testers, pollution controllers, product
designers and evaluators, and so on. The person who built your house knows who
manufactured his power saw, but you don’t know or care, You see the results of the use of
that saw, and that is all that really matters to you. You don’t even care who the builder
was, and certainly, the saw he used is of no consequence to you, Telemetry is another tool,
and there is no glory in making and using tools. However, here we are at a tool makers’
and users’ convention; let’s see if we can generate our own glory!

There is indeed satisfaction in the design, manufacture, and use of good telemetry
equipment. Most products which are developed or evaluated for consumer use with the
help of telemetry equipment should be safer, more reliable, less expensive, or better some
other way, because of the increased evaluation capability offered by this tool. Mankind has
safer aircraft and automobiles, cleaner water, more reliable subway systems, more efficient
electric power generation and distribution, and so on — partly, because of telemetry. Yes,
there are many benefits to mankind, and there will be more as we look for the
opportunities.

SUMMARY

Telemetry has progressed dramatically in the past twenty years, but the future will show
even more dramatic progress. Users have a wide range of choices in almost every aspect
of telemetry hardware and software selection. Mankind has benefitted from the use of this
valuable tool, and the benefits will be greater in the future.



Figure 2  EMR Model 708 Telemetry/Computer System


