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IRIG TELEMETRY STANDARDS 1969*

R. STANTON REYNOLDS
Sandia Laboratories

Albuquerque, New Mexico

IRIG Telemetry Standards are used to define the majority of telemetry systems or
subsystems employed by the Department of Defense in development and testing of
missile and weapons systems. The telemetry standards are the responsibility of the
Telemetry Working Group of the Inter-Range Instrumentation Group, Range
Commanders Council. The RCC is specifically concerned with telemetry systems
employed at the U.S. National and Service Ranges, but the standards are also used by
many agencies not involved in missile range activities. Because of the wide use of the
standards, questions arc frequently raised concerning their content and scope, and the
philosophy governing their preparation.

The current standards, IRIG 106-69, evolved from a long series of Telemetry Standards
beginning in the days before IRIG when the Research and Development Board of the
Department of Defense had responsibility for missile systems development. The
following paragraph, from the last RDB Telemetry Standard, sets the stage.

“In 1948 it became evident that, from the wide diversity of approaches and equipment
existing in this field, some research and a large amount of development effort could be
saved by standardization of telemetering systems for guided missiles use. --- the (RDB)
Working Group on Telemetering recommended and FM/FM system as a standard, and
this was approved --- December 1948. --- the --- standards were set up in terms of the
characteristics of the signals to be transmitted in the data link ---, rather than by
specifying terminal equipment, in order to permit flexibility in the choice of components.
(In 1951)--- the Working Group recommended the PW/FM or PW/PM system.”(1)

The RDB document, MTRI 204/6, approved November 1951, was in effect at the time
the Department of Defense reorganization resulted in dissolution of the Research and
Development Board.

In August 1951, several of the missile range commanders met to discuss problems of
instrumentation support and missile flight safety arising from the development of long-



range missiles. At that meeting, they agreed to meet regularly and to establish technical
committees to help resolve specific problem areas. Thus, in March 1952 at the second
Range Commanders’ Conference, the Inter-Range Instrumentation Group was formed.
The responsibilities given to IRIG were: (1) to interchange information on common
problems concerning range instrumentation, (2) to recommend standardization of
instrumentation systems, equipment, techniques, etc., (3) to facilitate the interchange of
systems and equipment, (4) to coordinate instrumentation system development and
procurement, and (5) to integrate and coordinate long-range R&D planning with the
Inter-Range Operations Planning Group.

The IRIG is technically supported by nine working groups reporting to a Steering
Committee. The Steering Committee has nine full members, one from each of the nine
ranges represented on the RCC, three management representatives, and thirteen technical
representatives representing government agencies having interests in common with
IRIG.

The Telemetry Working Group was the first IRIG working group to be formed. The
group met once in 1952 before the RDB working group was disbanded. In 1953, the
Telemetry Standards prepared by RDB were used on the ranges but, by 1954, it was
apparent that revision was needed. A committee, including two former RDB members,
was formed within TWG to revise the standards. At the same time, a committee was
formed to investigate problems of the then fledgling magnetic tape recording systems. In
early 1955, the first two IRIG Standards, 101-55 “Testing for Speed Errors in
Instrumentation Type Magnetic Tape Recorders” and 102-55 “Telemetry Standards”
were published.

Since its inception, the Range Commanders’ Council has been an informal organization.
IRIG, as a subgroup of the RCC, therefore cannot establish official DOD specifications.
The early IRIG documents were recommendations to the Range Commanders and bore
the notation “IRIG Recommendation No. —”. In recent years, the status of IRIG
documents has been raised by their wide acceptance and the designation has been
dropped.

IRIG 102-55 was essentially an extension of MTRI 204/6. More space was devoted to
commutation of FM/FM, systems and to “Pulse Duration Modulation” (designated Pulse-
Width in the RDB document).

A capsule summary of IRIG standard is contained in the introduction to IRIG 106-69,
Telemetry Standards.(2)

101-55 Testing for Speed Errors in Instrumentation Type Magnetic Tape Recorders
102-55 Telemetry Standards for Guided Missiles



103-56 Revised Telemetry Standards for Guided Missiles
101-57 Magnetic Recorder/Reproducer Standards
102-59 Standards for Pulse Code Modulation MW Telemetry
101-60 Magnetic Recorder/Reproducer Standards
106-60 IRIG Telemetry Standards (November 19060)
106-60 IRIG Telemetry Standards (Revised June 1962)
106-65 IRIG Telemetry Standards (Revised July 1965)
106-66 IRIG Telemetry Standards (Revised March 1966)

IRIG 101-55 and 102-55 were short documents related specifically to magnetic tape
recording and to FM/FM or (FM) or PDM/FM or (FM) telemetry systems. Document
103-56 dealt more thoroughly with commutated FM/FM systems and more explicitly
with PDM/FM systems. Document 101-57 was the first recorder/reproducer standard
generated by TWG. Its intent was to standardize tape speeds, tape widths, track spacing,
etc., to permit interchange of recorded tapes. It is interesting that the most sophisticated
recorder of that time, the Ampex Model 500, was not adopted as a standard because of
its low track density (4 tracks on 1/2-inch tape).

In early 1957, the Office of Chief Signal Officer, U.S. Army, contracted with
Aeronutronic Systems, Inc., to study the long-term telemetry requirements of the U. S.
Missile programs. After some negotiation, the TWG was allowed to provide
representatives to a Technical Steering Committee to help guide the course of the study.
A projection of requirements, based on a range and range user survey, was made by
Aeronutronics and the capability of telemetry systems available at the time to meet these
requirements was analyzed. The study highlighted the advantages of PCM systems for
large missile systems.

During 1958, Douglas Aircraft Company announced the development of a large PCM
system for testing the DC-8 aircraft. Lockheed announced the development of a high-
capacity PAM/FM system. The lack of IRIG standards in these areas became of great
concern to the Range Commanders, and IRIG was instructed, in late 1958, to generate a
set of PCM standards by March 1959.

Document 102-59, the first IRIG PCM standard, marked the first major effort by TWG to
coordinate a standard with other agencies from its beginning. At the timel the largest
PCM users were the airframe manufacturers. The Aerospace Industries Association and
Aerospace Flight Test Radio Coordinating Council committees and representatives of
Aeronutronics met with TWG in several intense and agonizing sessions to prepare the
PCM standards. In March 1959, the IRIG 102-59 standards were adopted. In September
1959, TWG learned that the first major missile system to use PCM, Minuteman, would
fly with a system completely different from the standards.



During 1959, it became apparent that all TWG standards should be combined into a
single document. Thus, although a much more comprehensive and coordinated magnetic
tape recording standard was produced in 1959 (IRIG 101-60), it, and the revised PCM
standards were combined with the telemetry standards into a single document, 106-60.

IRIG 106-60 became the first comprehensive Range Telemetry System standard. It was
coordinated with AIA, AFTRCC, and many representatives of the telemetry and
recording industry. It also included another IRIG working group document, the FCWG
Frequency Utilization Parameters and Criteria (Telemetry Frequency Bands) as an
appendix.

The standard was revised in 1962, but had received such wide acceptance and
distribution that the 106-60 designation was retained.

IRIG 106-65 revisions included incorporation of the frequency parameters and criteria as
Part I. The Time Division Multiplex Systems included PDM/FM and PDM/FM/FM,
PAM/FM and PAM/FM/FM and PCM/FM systems. The magnetic-Tape
Recorder/Reproducer revision included much-needed extension of bandwidths, but
departed from previous practice by specifying expected performance levels. The
Appendices included a copy of MCEB Directive, M92-65, warning the Services that the
225-260 MHz band would not be available for telemetry after January 1, 1970, and
directing effort for a move to L- and S- bands.

By the time 106-65 was printed, TWG was hard at work on the next revision. Constant-
bandwidth W subcarriers were not included in 106-65 because of a study contract in
progress in 1965-66 relating to selection of CBW center frequencies and bandwidths.
The recording industry took serious exception to the performance levels specified in
Section 6. Therefore less than a year later, IRIG 106-66 was approved. This standard was
prepared, at the direction of IRIG, in the format of a military standard. Again, the
frequency parameters and criteria were included. Both proportional-bandwidth and
constant-bandwidth FM sub-carriers were included. Time-Division Multiplex standards
were improved and streamlined. Performance levels were deleted from the
Recorder/Reproducer section except where tape-to-tape compatibility was involved, and
a section of test procedures for tape recording systems (without corresponding
performance levels) was added.

The latest revision, IRIG 106-69, is again in Mil-Spec format. It includes the systems
covered in 106-66, but each section has been reworked for compatibility with the overall
document. A section on transducers was added. During the time of this revision, AM-
Baseband subcarrier systems were under discussion and investigation by MIG. It was not
possible, however, to include them in this revision. An amendment or addition to 106-69,
which will include DSB and SSB AM subcarriers, is in preparation.



So much for a fast review of the IRIG Telemetry Standards evolution. The questions
remain: “why standards?”; “What is the philosophy behind the IRIG Telemetry
Standards?”

Standards, as the term is used here, are a far departure from the platinum rods, Cesium-
beam clocks, and kilogram weights so carefully maintained for the nation by NBS. They
do not define the precision of a measurement; neither do they establish a moral climate in
which the business of range telemetry is conducted. The original intent, as stated in
MTRI 204/6, was to “standardize” telemetry systems used at the U. S. Missile Ranges so
that great quantities of similar, yet different, ground equipment would not be necessary.
What systems should then be considered 11standard”? Are we not in the position of
arbitrary judges whose decisions may or may not be correct? Are we not likely to be
guilty of denying the blessing of “standard” to worthy systems? Will we not stifle
development of better systems? The answer to all of these is, of course, “yes”. But - !

Let us return for a moment to IRIG. This organization is responsible to the Range
Commanders for efficient use of instrumentation facilities dollars, if you will - which
must be provided for development and testing of U. S. military systems. IRIG is
therefore bound to place the interests of the ranges “first”. The interests of the ranges are
greatly influenced by the requirements of the customers -- the “range users”. The history
of the evolution of ever-larger and more sophisticated missiles and weapons systems has
placed comparable burdens on telemetry systems. Therefore, range systems and IRIG
standards have had to undergo many changes. How then should standards be prepared?
One school of thought says, “wait until a system has proved itself in special applications,
then standardize”. Another says, “no, we must keep abreast of the telemetry field and
anticipate our needs. If a system with promise appears, prepare standards so that it can be
put to use when needed.” At a conference two years ago, Professor Durbin of Princeton
pointed out that the entire proportional bandwidth FM subcarrier scheme was based upon
extrapolation of a four frequency system used in the late 1940’s in the early days of U. S.
missilery. He also made a plea for caution in standards preparation so that they did not
become “frozen misjudgments”.

Here then is the situation facing IRIG: (1) The interests of the ranges and of the range
users are of prime importance; (2) standards should be of maximum benefit to the entire
telemetry community; (3) technical competence of the standards is mandatory; (4) IRIG
standards have become a guideline, not only to the ranges and range users, but to
industry and instrumentation users not associated with range telemetry.

The standards cannot be generated or revised in a strictly parochial manner, acceptable
only to the ranges for the last two reasons. Therefore, all telemetry standards revisions
are now.coordinated with the telemetry industry directly, with industry groups such as 



the EIA subcommittees, with non-government telemetry committees such as AFTRCC,
and with the Telemetry Standards Coordinating Committee.

The question of lead or lag was posed by TWG to the IRIG Steering Committee over a
year ago. A portion of the reply addressed to TWG by Colonel Lynch, then Steering
Committee Chairman, follows:

“It has been determined by the Steering Committee that the Telemetry Standards are
prepared in the national interest but with specific applicability to the RCC member
agencies as a means of limiting proliferation of telemetry systems without due cause. In
this respect, it is the duty of the TWG to review constantly the requirements of the users
and adopt guidelines for the development of support of these requirements. The MIG
constitutes a body of some of the most knowledgeable experts in the field, particularly
from the standpoint of application of telemetry systems and techniques. As such, they are
the best qualified to establish standards which can guide industry in development and
thus provide a cost effective, standardizing force, beneficial nation-wide and not solely
to the RCC member agencies.”

“Through proven competence, the IRIG Telemetry Standards have gained broad national,
if not international, stature. To continue in this stature, the document must be a “leading”
rather than a “following” document. In this vein, it is believed that the TWG does not
have an obligation to the voluntary users, but it does have the responsibility to be alert to
the “state-of-the-art”, both from the standpoint of trends in users’ requirements and from
the standpoint of technological advances in the telemetry field. Standards should be
adopted as early as possible in order to provide guidelines for development; these may
even be provisional” pending empirical verification. Without such guidelines,
standardization is extremely difficult. This, then, is the real challenge and responsibility
of the TWG: to employ the best foresight that these leaders in the field can provide to
make the “standards” a leading document.”

“The 106-66 Standard does not purport to cover every conceivable requirement. It does
follow the precept as stated in the Foreword, “--- constitutes guide for the
implementation and orderly application of telemetry systems --- within the limits of good
design practice.” Operation outside these limits, accepting the consequential risks, is not
prohibited nor are new or special systems excluded when justified.”
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