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FOREWORD

This annual report describes progress of
the technical program. of the Institute
for Telecommunication Sciences (ITS)
during FY76. ITS 1is the research and
engineering arm of the Office of Tele-
communications in the Department of
Commerce.

The role of the Office of Telecom-
munications can be stated succinctly:

To provide specialized research and

analysis essential to successful
application of telecommunications
technology.

OT and ITS goals which form the focus of
ITS activities are:

- Increase the availability of
usable spectrum by engineering
methods.

- Increase the likelihood of
satisfactory telecommunication
system performance, as affected
by natural, engineering, and
economic factors.

ITS' contribution to the achievement of

these goals is provided through imple-
mentation of three major program ele-
ments:
- Efficient use of the spectrum,
- Engineering and evaluation of
systems,
- Electromagnetic-wave transmis-
sion research and services.
These three program elements are not

independent of each other, but have a
high degree of interaction. For example,
transmission phenomena play an important
role in determining whether radio systems
will work in the field, as do questions
of mutual interference between systems or
subsystems. Variability of transmission
loss through the atmosphere determines
the physical separation between systems
sharing the same frequency and thus af-
fects the efficiency of spectrum use.
Engineering of systems to obtain the re-
quired performance demands adequate
knowledge of transmission loss and dis-
tortion, as well as the effects of inter-
ference.

Efficient Use of the Spectrum

The objective of this program element is:
To show how to substantially
increase the permissible number

of wusers in congested regions
of the spectrum.

The spectrum 1is a limited natural re-
source being subjected to ever-~increasing
demands. Our role 1is to examine and
understand the basic scientific and en-
gineering factors which affect the effi-
ciency of spectrum utilization, and to
foster and encourage the wuse of tech-
niques which maximize the number of
spectrum users receiving satisfactory
performance in a given geographical area,
under interference-~limited conditions.

Major opportunities for
efficiency with which the spectrum is
used 1include the proper application of
bandwidth expansion; reduction of radia-
tion in unwanted directions from direc-
tive antennas; improving the predict-
ability of the signal strength of both
wanted and unwanted signals; understand-
ing the interactions between systems
which are closely~spaced geographically;
recognizing that interference from co-
channel signals may constitute a stronger
and different performance limitation than
natural or man-made noise; recognizing
the desirability of maximizing the joint

improving the

performance of many 1links rather than
that of single 1links; and developing
usable criteria for evaluating system

performance versus spectrum requirements.

Most of the directly-funded portion of
this program element is concerned with
the basic 1issues mentioned above. 1In
addition, work for other Federal agencies
is concerned with electromagnetic com-
patibility analysis and radio coverage
estimation. A major part of the effort

is in support of the OT Spectrum Manage-
ment Support Division 1in its role of
assisting the Office of Telecommunica-
tions Policy (OTP), which manages the

Government portion of the spectrum.
Highlights of FY76 activities include:
- Application of the Spectrum

Efficiency Trade-off model to
evaluate the effects of modu-

lation index, required signal
to interference ratios, and
uncertainties of transmission
loss.

- Measured the performance of six
digital modems in presence of
interference and Gaussian
noise.

- Investigated the conditions

necessary to allow small mobile
satellite earth-terminals to
operate in the U.S. in the 7-8
GHz band.

- Issued a report
available knowledge

summarizing
about the
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location variability of trans-
mission loss in the VHF and UHF
bands, with particular appli=-
cation to 1land mobile and
broadcasting systems.

Engineering and Evaluation of Systems

The objective of this program element is:

- To provide user-oriented tele~
communication system perform-
ance criteria and methods of
performance measurement, and to
relate these to more conven-
tional engineering parameters.

ITS has recognized that there is a sig-
nificant need for adequate means of spec-
ifying, evaluating, and measuring the
performance, from a user's point of view,
of telecommunication systems, and is
attempting to fill this wvoid. Criteria

which are system independent, and which
represent performance at the user's
interface with the system, are badly

needed for comparing alternative or com-
peting services and for evaluating their
benefits versus cost. In addition, im-
proved techniques for the measurement of
performance in the engineering sense of
multiplexed, encrypted signals, in real
time on message trunks, are badly needed
to detect incipient failures. ITS is
developing criteria and measurements for
both voice and data transmission.

In addition, this program element is con-~
cerned with channel simulation and evalu-
ation of modem techniques, and communica-~
tions via fiber optics. Channel simula-
tion 1is concerned with making available,
in the laboratory, simulated channels
which reflect accurately, in a statisti-
cal sense, the wvarious multiplicative
effects or distortions which occur on
real channels, and which may cause a
greater 1limitation to performance than
additive noise. Such laboratory channel
models are used to test and compare real
hardware under controlled conditions much
more economically than can be done in the
field.

Communications by fiber optics promises
to have significant impact on the trans-
mission of very wideband signals, and may
eventually replace terrestrial and sub-
marine coaxial cables and mm waveguides
for high data rate transmission.

Significant achievements in FY76 include:

- Provided assistance to the U.S.
Postal Service 1in evaluating
proposals from industry for
work on electronic message
handling systems.

iv

- Served as Technical Management
Organization for FCC, oversee-
ing technical performance cer-
tification. circuits involved
in determining user reactions
to telephone conversations
relayed through one, two, or
three satellite circuits.

- Completed engineering handbooks
on design of Line-of-Sight
microwave systems and trans-
horizon microwave systems.

- Completed measurements on 12
proposed digital microwave
links in Europe, using the ITS

channel probe, to determine op-
timum antenna heights and link
design parameters.

- Continued participation with
industry, university and gov-
ernment workers as part of the
activity of the Task Force on
Optical Communications estab~
lished by OT/ITS.

- Completed procurement and in-
stallation of an ARPA network
host computer facility at ITS
to initiate a measurement
program for testing the ability
and practicality of the data
communication performance
measures specified 1in Federal
Standard 1033.

Electromagnetic Wave Transmission

The objective of this program element is:

- To provide complete, quantita-
tive EM-wave transmission char-
acteristics of communication
channels for the many spectral
regions of current interest.

ITS efforts in this area are aimed at
improving the successful deployment of
radio systems designed to operate near
the state-of-the-art, insofar as propa-
gation 1is concerned. Deleterious propa-
gation effects form a basic limitation to
the performance of radio systems. Atten~
uation, scattering, ducting, and refrac-
tion affect both wanted and unwanted sig-
nals. Scattering and multipath may limit
the available bandwidth.

ITS efforts in FY 76 continued to be
directed mainly at the higher-frequency
end of the spectrum, above 10 GHz.

Notable achievements include:

- Constructed a three-frequency
test facility operating simul-
taneously at 9.6, 28.8, and
57.6 GHz with 1 Gb/s modulation



capability, to collect compara-
tive data about atmospheric ef-
fects on microwave and mm wave
transmission through the atmos-
phere.

- Demonstration of the use of
tilted antennas to reduce out-
age time of microwave 1links
subject to fading caused by
atmospheric multipath.

- Improvements to the mm wave
transmission spectrometer which
reduce instrumental errors
resulted in measurement of the
strength and width of 21 lines
of the O, microwave absorption
spectrum?

- Survey of atmospheric refrac-
tive index profiles in the
Persian Gulf and the Gulf of

Mexico for use 1in determining
radar coverage.

- Further improvement and verifi-
cation of methods for predict-
ing the effects of rain on
terrestrial and satellite

microwave paths.

- Prepared FM broadcasting cover-
age maps of the U.S.

- Development of improved models
for predicting multihop high
frequency propagation.

- Development of a model of the
ionospheric D-region, for pre-
dicting LF and VLF field
strengths, based on over 500 D
region profiles measured 1in
various locations and at dif-
ferent times.

Other Highlights

Other significant achievements
FY76 by the ITS staff include:

dur ing

- Dr. Hans Liebe received a
Senior U.S. Scientist award
from the Alexandra von
Humboldt~Foundation of the

Federal Republic of Germany.

- Dr. Mark T. Ma was selected by
the Republic of China to join a
panel of foreign scientists to
advise on national recon-
struction priorities.

A conference was held in May 1976 to
identify problems associated with in-
creasing the use of the 15-100GHz region
of the spectrum so as to reduce pressures
on the congested lower frequency region
of the spectrum.

OT's policy concerning participation in
CCIR and CCITT activities has been re-
viewed and reaffirmed. As a result, ITS
staff will continue to play an important
role in these organizations, particularly
with respect to U.S. preparation for the
World Administrative Radio Conference in
1979.

Support for Other Agencies

Much of the work described in this report
is in support of other Federal Agencies
and 1is funded by them. This work helps
solve the immediate problems of the spon-
soring agency. Such activities are mutu-
ally beneficial. They allow ITS to
collect data which when combined with
other data obtained under different spon-
sorship enables more comprehensive data
bases to be maintained and developed
inexpensively. By doing such work we are
kept in contact with "real world" prob-
lems and our staff competence is kept
relevant and up to date. The work for
various sponsors enables us to recognize
key problem areas whose solution benefits
all users of telecommunications
technology as well as the individual
agencies sponsoring various aspects of
the work.

In FY 76 our work for other Federal
Agencies was oriented closely towards OT
goals. Our criteria for acceptance of
Other Agency work were reviewed, and as a
result, even closer alignment will be
achieved in the future.

OT's criteria for acceptance of work from
Other Agencies can be summarized as
follows:

1. The work falls within the
authority of the Secretary of
Commerce to undertake the work.

2. The work is relevant to nation-
al goals and commitments and
has impact on these goals and

commitments.

3 The work cannot be readily per-
formed by the private sector
(with certain exceptions such

as unavoidable conflict of
interest, intolerable delays,
excessively higher costs, or
unique facilities or capa-
bilities within OT).

4, The work
goals.

contributes to OT

L The work does not conflict with
other ongoing work within OT.
All these criteria must be met.

The revised criteria will continue to
ensure that the work we do for Federal



Agencies will be a proper function of
Government and consistent with the mis-
sion of oT and the Department of
Commerce.
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CHAPTER 1. EFFICIENT USE OF
THE SPECTRUM
The radio, or electromagnetic, spectrum
has seen dramatic growths in demand and

since the beginning of World War II.
great range of new
spectrum-dependent services has evolved.
American industry, government, and pri-
vate citizens have put the spectrum to
work in such profusion that now satura-
tion appears imminent and, in some cases,
has already occurred. To provide for new
and expanded use, two major alternatives
exist. One is to exploit new regions of
the spectrum at progressively higher fre-
quencies. The second is to provide for a
better understanding of the basic physi-
cal principles upon which spectrum use
depends and, complementing this under-
standing, provide for more effective
means of managing spectrum use.

use
Since that time, a

Spectrum use by the U.S. Government alone
is growing nine percent annually in those

frequency regions where equipment is
readily available. Embryonic efforts are
being made to use the even higher fre-

GHz where equipment
be developed for many

quencies above 10
still remains to
applications.

The Office of Telecommunications, Insti-
tute for Telecommunication Sciences
(OT/ITS) conducts a program of research
and development which addresses both of
these alternatives. Much of the work be-
ing done to extend the use of the spec-
trum to higher frequencies is discussed
in Chapter 4 of this report -- Electro-
magnetic Wave Transmission. Chapter 4
also provides brief mention of some of
the work being done to improve our under-
standing of propagation problems in these
regions of the radio spectrum that are
already extensively used.

In this chapter, some highlights of the
OT/ITS program directly concerned with
spectrum engineering are reviewed. Many
of these spectrum engineering projects
draw heavily on experience from other
programs in ITS, including antenna design
and measurement, channel characterization
and system performance, and the many
propagation related efforts.

SECTION 1.1. SPECTRUM ENGINEERING FOR
EFFECTIVE SPECTRUM USE

A wide range of research and engineering
has been conducted to provide federal
agencies with the means to assure ade-
quate performance of proposed new systems
which will face potential interference
from other signals.

Compatibility of Collision Avoidance Sys-

tems.

The prevention of mid-air colli-

sions between aircraft has become an in-

creasingly important problem as aircraft
populations have increased and air travel
has become an accepted method of public
transportation. As steward of the air
space, the Federal Aviation Administra-
tion has been instructed by Congress to
make recommendations for the implementa-
tion of a National Standard for a Colli-
sion Avoidance System (CAS) for the
United States. Candidate systems for an
air-borne CAS were developed by three
private companies. The systems were de-
signed to operate in the frequency range
1592.5 to 1622.5 MHz, which was the pro-
visional frequency assignment made by the
Federal Communications Commission for the
exploratory development of an air-to-air
CAS. This assignment 1is in the radio
navigation band, which extends from 1535
to 1660 MHz.

The Institute for Telecommunication Sci-
ences was asked to investigate the elec-
tromagnetic compatibility of the CAS with
other occupants or proposed occupants of
the radio navigation band. It was deter-
mined that no serious potential for com-
patibility problems was likely except be-
tween the CAS and five models of radar

altimeters which are operational in the
band.

A laboratory measurement program was con-
ducted in which each of the three CAS
were tested for interference problems
with each of the five "L" band radar al-

timeters. Values of Interference-to-
Signal ratios (I/S) at which each of the
CAS failed due to interference from the
radar altimeters were determined. The
I/S ratios were then used in the analysis
of several scenarios to determine the
extent of problems which would exist in
actual flight situations. In addition,
the I/S values were used in a statistical
analysis in conjunction with an air traf-
fic model of Los Angeles Basin for the
year 1980 to determine the magnitude of
the problem under simulated dense air
traffic conditions.

project has been com-
FAA-RD-75-229,

The work on the
pleted and a final report,
has been printed.

In order to make better use of the radio
spectrum, many frequencies in the spec-
trum can be shared between satellite and
terrestrial systems. However, we need to

know the magnitude of the signals at the
satellite from all of the terrestrial
transmitters so that the systems will

perform as designed in orbit. The Inter-
ference to Geostationary Orbit project
developed a <cost-effective method for
predicting the signal levels at the geo-
stationary orbit from the thousands of
terrestrial emitters in the 5.92 to 6.425
GHz common carrier band. The method 1is
based on frequency assignment files and a

PESL



mathematical formulation of the system's
antennas and their signal structures.
The evaluation of the method has been
based on comparison to ATS-6 signals
recorded during 1975. The schematic
representation of this situation is pre-

sented in figure 1-1.

This year the prediction model has been
improved with the inclusion of the in-
orbit measured gain for the ATS-6 an-
tenna, a current set of assignment data,
and a modification in the spectral shape
of the terrestrial signals. The data for
several patterns have been combined, and
a generalized least square fit to the
data obtained and used for the antenna
pattern in the model. Measurements of
the signals transmitted by AT&T were ob-
tained at their Pleasant Valley, Colo-
rado, facility. Of particular concern in
predictions of this kind are the pointing
angles of the terrestrial antennas with
respect to the geostationary orbit 1loca-
tion. This information has, in the past,
been very difficult to develop. Figure
1-2 presents the distribution of these
pointing angles for one orbital location.

A number of measured data were obtained
for the ATS-6 antenna pointed at Ithaca,
New York, and Columbus, Ohio. These data

were then compared to prediction of sig-
nals at these same two locations. Sam-
ples of the signals for a 100 kHz band-

width are shown in fiqure 1-3 for the
Columbus, Ohio, target. There are a num-
ber of signals predicted that do not ap-
pear in the measured data. These are

probably the result of frequency assign-
ments that have not been implemented by
the users. For those signals that do

occur in both the measured and predicted
data, a good agreement is shown in their
amplitudes, although the measured signals
are slightly higher. Estimates for ter-
restrial antenna side-lobe patterns are
thought to be slightly below actual val-
ues, although measured data are not
available. This 1is one factor expected
to contribute to the measurement versus
predicted disparity.

A continuing OT/ITS responsibility to the
Officé of Telecommunications Policy (OTP)
is the Support to Spectrum Analysis work
done by the Office of Telecommunications,
Spectrum Management Support Division.
The project supplied special analyses and
measurements as they were needed. The
project wutilized interference analysis
models previously developed by ITS, tail-
ored to the specific telecommunication
systems studies being conducted by OT.

During FY76, 1ITS provided analysis sup-
port for studies in the government land-
mobile bands (162-174 MHz and 406-420
MHz ), the efficient use of the 7-8 GHz
band, the efficient use of the 2700-2900

MHz radar bands, and the efficient use of
the 13-15 GHz band. Analysis support was
also provided for the 1030 MHz radar bea-
con measurements. One class of output is
shown in figure 1-4, where potential in-
terference from an airborne transmitter
sharing the same frequency band with ter-

restrial microwave systems is shown.
The analysis method (known as ATTIC)
allows great flexibility in the defini-

tion of various problems to be studied.
This method operates directly from com-
puter data bases of equipment locations
and technical characteristics.

bgwl)

Man-made Noise causes interference which

is, quite often, the limiting factor in
communications/electronics system per-

formance. This interference results 1in
communication systems being required to
use excessive powers and/or spectrum

the efficient
spectrum re-

space, thereby hampering
utilization of the limited

source. The main purpose of this project
was to:

1. assess the adequacy of informa-
tion presently available and being col-
lected,

2% define and assess the adequacy

of recent abatement measures,

recommendations
abatement meas-

3. make
on additional
ures, and

specific
required

4. make specific recommendations
as to necessary additional research.

These items were covered in detail with
the results given in OT Report 76-385,
"Man-made noise -- The problem and recom-
mended steps toward solution," April
1976.

This report concentrates on incidental
radiation devices, summarizes all exist-
ing standards and abatement measures for
these devices, and makes recommendations
as to additional required measures. Gen-
eral and specific examples of degradation
to systems by man-made noise are given.
It is shown that, both technically and
economically, further suppression of au-
tomotive ignition noise at the manufac-
turing level 1is required. Means of
achieving this required suppression are
given. Other sources (e.g., power trans-
mission lines) are also discussed.

Existing programs for noise measurement,
analysis, and model development were sum-—
marized, and recommendations for the
attaining of required additional informa-
tion on the noise environments were
given. 1In addition, the role that better
information on the noise environment
should play in the proper arrangement of
the spectrum was covered.
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The results of this study will be used by

the OTP and IRAC, especially with regard
to FCC Docket No. 20654, a Notice of
Inquiry on "interference from spark-type

ignition systems in motor vehicles."

Previous work resulted in the development

of algorithms to determine the optimum
performance of existing communication
systems in narrowband impulsive noise

(generally the result of various combina-
tions of intentionally radiated signals).

(See OT Report 75-67, "Optimum reception
in an 1impulsive interference environ-
ment," June 1975.) Another task accom-

plished under the present project was ex-
tending these detection algorithms to in-
clude broadband man-made noise.

Ul
" RFI Surveys for WSR-74C Radar Installa-

tions were performed for the U.S. Depart-
ment of Commerce's National Weather Ser-
vice to assess the radio frequency inter-
ference environment for the installation
of approximately sixty (60) C-band (5.6

to 5.650 GHz) weather radars. The pro-
ject studied interference potential be-
tween the radars and microwave systems
operating in the vicinity. Data from the
Interdepartment Radio Advisory Committee
(IRAC) computer files were used along
with OT/ITS propagation models to predict
potential interference, to recommend op-
timum radar site locations, and to sug-
gest technical and operational means for
minimizing interference. The effects of
terrain shielding were considered in
these studies. Figure 1-5 is a typical
output from program SHADO -- one method
used to consider terrain effects.

The Automotive EMI Research conducted
this fiscal year was the second phase of
a study, performed for the National High-
way Traffic Safety Administration, to
determine the potential problem of elec-
tromagnetic interference from all sources
(internal and external to the vehicle)
that may cause malfunction of motor ve-
hicle electronic control and electroni-
cally activated safety control devices.

The Phase I study produced documents and
models including:

1ke a file of potential interfer-
ence sources internal to the vehicle,

72 a file of potential interfer-
ence sources external to the vehicle,

3, a computer analysis of the con-
ducted and coupled transfer of signals in
typical cabling and wiring circuits of
the vehicle,

4. computer analysis to determine
sensitivities of typical automotive elec-
tronic circuits and subsystems, and

outline of validation tests
identifying

5l an
and preliminary guidelines
potential problem areas.

The Phase II effort was designed to vali-
date and expand the files on the internal
interference sources through measurements
of signals generated by normal equipment
functions and subsequent transfer and
coupling of these signals via the cabling
and wiring harnesses. An electromagnetic
field-to-wire coupling analysis program
was used to further study the impact of
cable length, impedances, and aperture
(openings in the vehicle body) sizes on
the potential coupling of signal fields
onto typical vehicle cables.

A series of susceptibility tests, also
performed in Phase II, were designed to
describe a testing procedure and to ob-
tain system upset (malfunction) levels in
the presence of interference signals
characteristic of those described in the
environmental files. Candidate systems
for this testing were a speed control
system and an anti-skid braking control
module.

The results of the environmental measure-
ments, the subsystem tests, and informa-
tion obtained from the current research
and study efforts of the electronic and
automotive industries served as a basis
for refining the EMC guidelines set forth
in Phase I.

Figure 1-6 1identifies and describes some
of the potential external and 1internal
interference sources which may cause con-

ditions of upset or malfunction in auto-
motive electronics. These signals are
considered to be the worst-case situa-

tions which will exist under normal ve-
hicle operating conditions. A further
example of the vehicle internal environ-
ment is illustrated in figure 1-7. This
figure is one of a set which resulted
from the measurements program designed to
evaluate signals that are generated and
coupled within the wvehicle. The wave-
forms in figure 1-7 are typical of those
generated (and coupled) from normal op-
eration of electrical devices in the ve-
hicle.

sets of data resulted from the
tests - conducted on the
system and the anti-skid
control module. Representative of these
data is figure 1-8. Upset levels (of in-
jected signals) are shown as a tftunction
of frequency. These data show that the
velocity sensor is almost immune to in-
terference below 15 MHz and very suscep-
tible above 50 MHz. A region of interme-
diate susceptibility occurs between 15
and 50 MHz. The 1injected interference
signal was continuous wave, and the upset
criterion was defined as a departure from

Several
susceptibility
speed control
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EXTERNAL SOURCES

BROADCAST STATIONS - 10-75 V/m (=160 METERS)
RADAR - 200 V/m (=300 METERS)

POWER LINES — 10-1000 V/m (UNDER POWER LINE)
MOBILE RADIO - 30 V/m (=2 METERS)

LIGHTNING - 1500 V/m (=500 METERS)

INTERNAL SOURCES

PRIMARY POWER SUPPLY - NORMAL (10-16) Vdc
ABNORMAL (5-36) Vdc

TRANSIENTS - 125V = 55

=210V _
180V = 320 i

IGNITION — NORMAL =3 V
ABNORMAL =175V

HF NOISE — 20-40 Vp-p (100 KHz - 7.0 MHz)

Figure 1-6.

Sources of electromagnetic interference.
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a brake modulation rate measured during a
noninterference condition.

The EMC guidelines resulting from this
study will serve to emphasize and high-
light those factors in the use of elec-
tronics for automotive safety and control
that are important to the accomplishment
of EMC among the various subsystems. In
considering rules or standards for elec-
tronics in automobiles, it 1is important
to remember that the applications of
electronics for these purposes are in
their infancy and that the trend is most
certainly toward a modular or central
processor concept.

SECTION 1.2. SPECTRUM ENGINEERING

TECHNIQUES

Important methods and
Spectrum Engineering are under develop-
ment to meet a wide range of require-
ments. These methods address very speci-
fic situations as well as the broad ques-
tions of optimization to provide maximum
benefit to the total user community.

techniques for

For over a decade, government, academic,
and industrial groups have advocated de-
velopment of methods for improving the
overall effectiveness of the wutilization
of the spectrum (as opposed to the opti-
mization of the performance of individual
systems) . This concern paralleled and

even predated similar realizations that
ideal common use of environmental re-
sources such as air and water may not

coincide with economic maximization of an
individual user's profits.

The objective of the Tradeoffs for Opti-
mum Spectrum Use project is to develop a
quantitative model which can evaluate the
complicated interaction of spectrum use
factors and determine the specific
tradeoffs which result in maximum aggre-
gate service in a congested frequency
band and area. The methods will be use-
ful to spectrum policy makers, frequency
managers, and organizations operating
spectrum-using systems.

The initial model developed last year was
extended to accommodate narrow-beam an-
tennas with probabilistic patterns, time-
occupancy probabilities, and considera-
tion of the distribution of equipment in
frequency. Ways of including distribu-
tions of antenna heights and tuning er-
rors in the calculation were formulated.
The basic output parameter of the model
is "spectrum utilization efficiency," but
there is no generally accepted definition
of that term. The general form chosen
for this project is:

communications achieved
(bandwidth)e (geometric space)e(time).

2
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A paper justifying this choice appears in
the Conference Proceedings of the IEEE
1976 1International Symposium on Electro-
magnetic Compatibility, and CCIR Study
Group 1 adopted a new report incorporat-
ing this concept at its 1976 1Interim
Meeting.

Some possible tradeoffs in a proposed new
citizens' band at 225 MHz were analyzed
making a number of reasonable assumptions
about equipment and service type. The
spectrum utilization efficiency, E, was
defined as follows:

E = N/(Beh)
where: N is the number of users with
satisfactory service (satis~

factory service is specified by
a given output signal-to-
interference level, Q),

B is the total bandwidth in
MHz, and
A is the total area served in

square km.

Figure 1-9 shows the spectrum use effi-
ciency as a function of individual chan-

nel width for three qualities of service
assuming FM voice operation. For a 1low
quality service (Q = 20 dB), the optimum
channel width is about 25 kHz. For high
quality service (Q = 40 dB), the optimum
channel width is more than 60 kHz, and
only one-fourth as many users can be
served.

Figure 1-10 shows spectrum use efficiency
as a function of the uncertainty in
transmission loss and the likelihood of
achieving the desired quality of service.
Decreasing the uncertainty in transmis-
sion loss increases the number of users
who can be served, and relaxing the ser-
vice probability required also increases
the number of possible users.

Interference Evaluation. The
performance of digital systems in inter-
ference has been the subject of a number
of studies during the past few years.
Most of the work, however, has been theo-
retical and is based on ideal modems and
filters. Experimental verification of
the predictions is either rare or non-
existent. Thus, the following project
was undertaken to measure the performance
of wvarious types of digital systems in
noise and interference, and then compare
the results with predictions using ana-
lytical methods developed earlier in this
project.

The performance of six different digital
modems was measured in Gaussian noise and
additive interference. These modems rep-
resent five different types of digital
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modulation. Two of the digital modems
used phase-shift-keying with coherent
detection (CPSK), and one of the modems
utilized phase-shift-keying with differ-
entially coherent detection (DPSK). Mod-
ulation formats used by the other modems
include noncoherent frequency-shift-key-
ing (NCFSK), minimum-shift-keying (MSK),
and a third technique that is presently
classified only as a bandwidth conser-
vation type of modulation. Bit rates of
the modems tested ranged from 300 to 9600
b/s.

The results from the laboratory measure-
ments showed some deviation from theore-
tical predictions. Most of the deviation
appeared in the performance of the modems
in Gaussian noise without interference.
An example of this is given in figure 1-
1l where the probability of error of one
of the CPSK modems is shown with only
Gaussian noise. As can be seen, the ac-
tual modem performance is about 3.5 dB
from theoretical predictions. This is
also reflected in the prediction for this
modem in interference. Figure 1-12 shows
the performance of this same modem with
cw interference and Gaussian noise. As
can be seen, the prediction based on an

ideal modem 1is considerably optimistic.
If the predictions are corrected for
nonoptimum performance, however, they

agree reasonably with the measurements.

The modems were also measured with a
variety of different interference situa-
tions. Data were collected showing the
effects of frequency offset between the
victim and interferer. The performance
of the modems was also studied with modu-
lated interference as well as cw inter-
ference, and the effects of interference
on acquisition time were also measured.

Currently, a report 1is being prepared
describing the test results. Plans for
future studies on the subject include
measurements of complete digital systems
in interference. Also, procedures are to
be developed for theoretically predicting
degradation to digital systems from any
type of interference. These procedures
are to take into account the nonoptimum
performance of the modems.

EMC of Small Earth Terminals. The U.S.
Army is developing a series of transport-
able or mobile satellite terminals for
use in the 7-8 GHz band (figure 1-13).
These systems must share this band with a
large number of terrestrial microwave
systems. Procedures are needed to insure
that the systems will operate compatibly.

This program has examined the impact on
the radio rules and regulations caused by
the introduction of transportable termin-
als into this frequency band, and has de-
veloped procedures for making frequency

12

assignments to these systems that will
insure electromagnetic compatibility with
the other occupants of this band.

The project reviewed the national and in-
ternational radio regulations as they af-
fect operation of transportable terminals
in the 7-8 GHz band. The project devel-
oped a procedure by which area frequency
assignments could be made to transport-
able systems. This procedure is based on
a comprehensive calculation of signal-to-
interference ratios over the desired op-
erating area of the satellite terminals.
The calculations of EMC are made using
actual operating equipment parameters;
and actual earth topography. A model for
the earth terminal antenna was also de-
veloped, and trade-off studies were made
to show the effects on orbit wutilization
of the 65\ transportable earth terminal
antenna in comparison to the 1larger 488\
dishes used by some fixed terminals.

The study has shown that these
transportable terminals can operate
patibly with the existing
assignments where the proper frequencies
are chosen for earth terminal operation
as a function of area. An area assign-
ment procedure produces restricted area
maps (RAM's) that show regions to be
avoided (figure 1-14). The study has
recommended that the concepts of mobi-
lity, transportability, and area assign-
ments for earth stations be discussed 1in
the national and international forums so
that provisions for this type of opera-
tion can be clearly established. The re-
sults of this study will be used by the
Army and OTP to develop a procedure for
compatible use of these terminals at four
training locations in the U.S. The pro-
gram STATIC developed for this project
may also be readily used to establish
restricted area maps for any region where
terrestrial system data bases are avail-

able. 9675

The Model Development project develops
spectrum-use design techniques in support
of the Office of Telecommunications Poli-
cy which would offer greater confidence/
lower risk in the analysis of inter-sys-
tem interference. The techniques, which
usually are implemented as computer pro-
grams for ease and efficiency of use, are
developed to meet the OTP's system—-anal-
ysis needs and are made available to the
IRAC-member agencies. The analysis tools
and techniques assist the frequency man-
agers and spectrum analysts in making
more efficient use of the frequency spec-
trum by developing methods which allow
the managers and analysts to vary system-
design parameters. The results of such
parametric studies pinpoint needs for
lower antenna sidelobes, or lower trans-
mitter out-of-band emissions, or optimal
operating frequencies, etc., to minimize

Army
com-
terrestrial
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Figure 1-13. The U.S. Army Small Earth Terminal AN/TSC-85.
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The objective of using these techniques
is to maximize the probability of success

when introducing a new system into its
operational environment. Large pay-offs
are potentially available if frequency
managers and system designers consider

the EM environment during a new system's
design phase and before the operational
phase when retrofits can be costly.

During FY76, this project developed tech-
niques for 1) computing statistical in-
terference-to-noise ratios between fixed
terrestrial systems, 2) computing earth
footprints from geostationary satellites
with idealized antennas or with user-
supplied antenna patterns, 3) computing
interference from airborne transmitters
to fixed terrestrial receivers, and 4)
computing antenna pointing angle and EIRP

restrictions from fixed terrestrial
transmitters to the geostationary satel-
lite orbit. Figures 1-15 and 1-16 are
examples of earth footprints from a
geostationary satellite showing contours

of constant satellite-antenna gain on the
earth's surface.

U6W5The Probabilistic EMC Model project con-

cluded the first phase of a long-range
project to support the OTP and IRAC by
developing analysis tools that allow sta-
tistical consideration of the variability
associated with each of the many £factors
affecting spectrum use and electromagne-
tic compatibility.

Frequency managers need the best possible
tools with which to analyze possible new
frequency assignments which could cause
or experience interference. In the past,
a deterministic, "worst case" approach to
frequency management often has been prac-
ticed for 1lack of better tools. This
practice denies an efficient use of the
radio spectrum, because conclusions indi-
cate more need for spectrum than is ac-
tually the case. This project has under-
taken statistical characterization of
each factor which can cause variability
to an interference situation and, thus,
to achieve an understanding of a situa-
tion which is realistic. These factors

are pictorially enumerated in figure 1-
17.

The 1initial phase of this project in-
volved the statistical characterization

of the transmitting and receiving antenna
gains and the propagation loss, then the
development of a model for statistical
frequency-distance curves. Such curves
provide an estimate of the minimum dis-
tance separation that is required between
a victim receiver and an interfering
transmitter as a function of the frequen-

\.\‘\‘\
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cy offset between them. The curves are
parametric in the probability or percent
of time that interference no greater than
a specified level can be expected. The
model wused statistical variations in the
antenna gains and propagation 1loss to
compute the probability of interference.
This model has been documented in OT
Report 76-84, "Statistical Frequency-
Distance Curves, Initial Model."

A plot of frequency-distance curves such
as are typically computed by the model is
shown in figure 1-18. These curves show
the frequency separation-distance separa-
tion relationships which on the average
will realize interference no greater than
the noise power of the receiver (-88 dBm)
5% (solid curve), 10% (dashed curve), and
50% (dotted curve) of the time. The moa-
el also will provide separate output data
on the computed frequency-dependent re-
jection of the receiver. This measure is
the combined wvalue resulting from off-
frequency rejection and bandwidth rejec-
tion when the receiver bandwidth is nar-
rower than the emission spectrum width.

Frequency managers at the FAA require a
knowledge of the service and interference
ranges of the wvarious air navigational
aids. The Air Navigational Aids project
supplies part of this knowledge. The
project includes the development of a
propagation model specifically addressea
to the kinds of systems used in air navi-
gational aids, the implementation of this
model in various computer programs, ana
the delivery to the sponsor of the conse-
guent computer output.

In the past year, new programs have been
developed using the basic model for par-
ticular configurations. Among these was
an "atlas" type presentation. Using the
model, numerous curves (figures 1-19 and
1-20) were produced for background for a
new FAA handbook in the area of ATC com-
munications interference for both the UHF
and VHF bands. Another computer ca-
pability developed during the past year
was the ability to compute and plot re-
quired station separation as a function
of relative antenna orientation. Antenna
azimuth patterns are included these
calculations.

in

ITS is currently involved in a program to
compare predictions wusing the current
model with experimental data ana with
predictions made by other propagation
models, the emphasis being on air/grouna
and air/air data. Ground-to-ground aata
is also being compared wherever appli-
cable. Contributions are also being made
to the new handbook for ILS (instrument
landing system) planning and installa-
tion.
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Figure 1-15. Example of earth footprint from a geostationary satellite
showing contour of constant satellite antenna gain on
portion of earth, plotted by FOOTPRINT.

U.S.~-PARABOBLA

Figure 1-16. Example of earth footprint from a geostationary satellite
showing contour of constant satellite antenna gain on
the U.S., plotted by FOOTPRINT.
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Statistical frequency-distance separation curves for a
satellite earth terminal transmitter and a microwave receiver.
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Figure 1-19.

Interference curves for the FAA handbook

on ATC communications interference.
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In the future, we will continue to ac-
quire more data and compare with predic-
tions made by the model in order to find
weak points in the model and to find ways
to improve it.

FAA ground-based and airborne communica-
tions and navigation aid receivers are
subject to potentially degrading inter-
ference from other "intended" sources of
radio signals as well as "unintentional
radiators" such as arc welders, automo-
tive 1ignition, and a wide range of other
industrial, commercial, and consumer
equipment.
Spectrum Simulation project is the devel-
opment of an analysis method which will
determine the influence of these unwanted
radiations on the performance of Air
Traffic Control receiving systems. The
technique 1is to accommodate the charac-
teristics of both existing and future
radiations and ATC receiving systems.

Under this project, a computer simulation
model has been developed. The model con-
sists of computer subroutines, each of
which either simulates a basic component
of a communications system or calculates
characteristics of a component. Cur-
rently, the model simulates a system for
AM, FM, FSK, Phase Modulation, or SSB
desired signals. The interfering signal
can be AM, FM, FSK, Phase Modulated, SSB,
white Gaussian noise or pulsed cw, or any
combination of these. The output is
given in terms of either time-voltage
samples of the output waveform or in
terms of the output signal-to-interfer-
ence ratio spectrum. The output can be
used to compute performance measures such
as probability of error of a digital sys-
tem or articulation index.

Detailed documentation on this model will
continue and will be published as an FAA
technical report. Future work will in-
clude work on additional types of inter-
fering signals such as those from inci-
dental radiation devices. Also the model
will be adjusted to simulate particular
FAA-ATC systems.

SECTION 1.3. SPECTRUM RELATED
MEASUREMENTS

Some aspects of spectrum efficiency re-
quire measurements either to augment or
validate analytical estimates or to pro-
vide a characterization of some particu-
lar factor that is analytically intract-
able.

Small Earth Terminal Antenna Measure-

ments.

One characteristic of particular
concern 1is the pattern of antennas out-
side the main-beam.

A knowledge of antenna side-lobe charac-
teristics is as important as the perform-

The objective of the Emission

ance characteristics represented by maxi-
mum power gain and main-lobe beamwidth
for studies of electromagnetic compati-
bility of terrestrial and satellite com-
munications stations, susceptibility of
electronic counter measure antennas to
jamming, and susceptibility of search
radars to interference. For terrestrial
stations, side-lobe characteristics of
on-site antennas over the entire hemis-
phere are required for determining coor-
dination procedures and criteria for fre-
quency sharing.

A technique was developed for measuring
the complete hemispherical power-gain
radiation pattern of microwave antennas
and was first used in the measurement of
the pattern of a 2.44 m diameter para-
boloidal reflector antenna mounted atop a
mobile small earth terminal operating at
7.5 GHz. Antenna power-gain data were
measured versus azimuth and elevation
angles with the earth terminal centered
on a heavy-duty turntable flush with test
range ground. Test site illumination was

achieved with airborne transmitting
antennas. Conventional and statistical
power—gain patterns are presented for

left-hand circular polarization and cross
polarization. Results indicate that sim-
ilar systems cannot rely upon orthogonal

polarization to provide isolation or
compatibility beyond the angular region
of the main lobe.

Measurements of larger diameter earth
terminal antennas are scheduled for next
fiscal year.

Figure 1-13 (which appeared earlier)
shows the AN/TSC-85 Antenna situated on

the turntable at the OT/ITS antenna range
north of Boulder. The helicopter carry-
ing the illuminating source is shown in
the distance. Statistical results of the
first set of measurements compared to
CCIR curves are shown in figure 1-21.

(5"*Measurement Van Operations. This project
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supports the CT and OTP frequency manage-
ment operations, when measurements on
real systems and measurements on the
electromagnetic environment are needed to
provide data not available from frequency

management records. These data are
typically used in support of spectrum
planning for new systems, validation of
analytical models, and to resolve EMC
problems.

The frequency management process requires
a great deal of information about the
existing signal environment before making
decisions concerning adding more signals
or changing operating stanaards. Al-
though much general information already
exists in frequency managers' data banks,
there are instances where actual measure-
ments of the electronic environment are
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necessary. Radio spectrum occupancy, as
distinct from frequency assignments, is a
type of valuable data which can be ob-
tained only by measurement. Often very
detailed measurements of particular situ-
ations (such as propagation loss antenna
patterns, spurious emission characteris-
tics, interference between systems opera-
ting at nearby frequencies, etc.) are
needed to verify or improve the theoreti-
cal models used in the frequency manage-
ment process.

The Radio Spectrum Measurement System
(RSMS) is a computer-controlled measure-
ment system designed to provide frequency
managers with needed measurements of the
signal environment at frequencies between

100 MHz and 12 GHz. It is portrayed in
figures 1-22 and 1-23. The particular
types of measurements made change, de-

pending on current requirements for data.
Measurements made in the past year by the
Measurement Van Operations are represen-
tative, but not inclusive, of the types
of measurements for which the RSMS might
be used. Similarly, the improvements
made in the RSMS under Measurement Van
Development are greatly influenced by the
needs of the field operations. Special-
ized equipment and software may be de-
signed and built for a very specific
measurement project. General improve-
ments are also made in the system capa-
bilities, which are expected to improve
system performance in many types of meas-
urements. These activities will be dis-
cussed in the following paragraphs.

of the general spectrum oc-
cupancy in land mobile radio (LMR) and
radar bands were completed and analyzed
for the Los Angeles and San Francisco
areas. Several months of measurements
were required in each of these areas to
assess band occupancy in the 162-174 MHz
and 406~420 MHz Federal LMR bands and in
the 1030 MHz, 1215-1400 MHz, 2700-3700
MHz, 5250~5925 MHz, and 8.5-10.5 GHz
radar bands. Classified reports of the
measurement results were written for OTP
distribution.

Measurements

A major objective of the measurements in

the LMR bands was to determine band oc-
cupancy. Although several users are
typically assigned to a single LMR chan-

nel, measurements are necessary to deter-
mine how much of the time a channel is
actually used. Measurements suggest that
many channels are infrequently used by
holding the assignments, thus making
tolerable a situation which on paper in-
dicates serious crowding.

The studies 1in the radar bands provided
an opportunity to identify the character-
istics and identity of operating radars.
The operating characteristics of radars
which were measured include frequency
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emission spectra, pulse repetition fre-
quency (PRF), pulse width, antenna pat-
tern, and antenna rotation period. These
characteristics were used to identify the

radars, to establish whether the radar
met nominal and regqulatory specifica-
tions, and to see how closely the actual

radar environment matched the data in the
Government Master File (GMF). This type
of data has been used by other groups to
write new engineering standards for ra-
dars, and is useful to frequency managers
to determine how accurate their frequency
listings are and to determine major
causes of inaccuracies.

In addition to the general studies in the
Los Angeles and San Francisco areas, a
special study of radars in the 2700-2Y00
MHz band was made. The objective of this
study was to learn to predict how many
radars could be located in a small geo-
graphical area (25 miles in diameter) in
that frequency band and not have the
radars interfere with each other. The
number of radars in this bana was
expected to double, but good analytical
models were not available to show whether
mutual interference would require addi-
tional frequency allocations for the
additional radars.

Extensive measurements of radar spectral
characteristics were made to obtain
frequency~dependent interference factors.
The distance-dependent factors were ob-
tained by predicting propagation 1loss
between all of the radars in the Los
Angeles and San Francisco areas and com-
paring these predictions to measurements
made at each of the radar sites. Meas-
urement data were used, in turn, to im-
prove the prediction process. Visits at
each of the sites confirmed (or rejected)
the presence of predicted radar interfer-
ence. Additional tests on radars showed
the susceptibility of various types of
radar signal processing to various
amounts of interference.

The final report will show that tools
exist to predict radar interference with
accuracies of + or -20 dB, wich most of
the inaccuracy being caused by the propa-
gation loss prediction. Fur thermore,
there are many techniques available to
operate radars with less frequency sepa-
ration than currently used, including
cleaner coaxial magnetrons, interference-
rejecting digital processing, better con-
trol of antenna sidelobes, etc. Some of
the newer radars incorporate these fea-
tures.

Another special field measurement experi-
ment involved looking at the 1030 MHz and

1090 MHz frequencies of the air-traffic-
control radar beacon system (ATCRBS) in
the Los Angeles area to determine the

cause of occasional system malfunctions.



Figure Radio Spectrum Measurement System (RSMS).
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Although these malfunctions are an infre-
Juent occurrence, there is concern that
the problems may grow and prevent the
effective operation of planned additions
to the system. The RSMS spent three
weeks at an FAA radar site looking simul-
taneously at the 1030 MHz and 1090 MHz
environment and the operation of the
ATCRBS, attempting to establish a "cause"
for each of the ATCRBS' malfunctions.

The experiment
systems built up

depended on two hardware
especially for these

measurements -- a pulse sorting system
that allowed small pulse trains to be
separated out of the very crowded 1030/

1090 MHz environment, and an interface to
the digital processing equipment of the
ATCRBS which allowed us to monitor its
performance. The RSMS was configured
(figure 1-24) with a PIN diode switch at

the 1input from the antennas, controlled
with blanking pulses derived from the
local site radars. This eliminated all

of the local radar pulses from the meas-
urement. Further pulse sorting was done
with a decoder that selected only the P3
and F2 pulses from the 1030 and 1090 MHz
signals, followed by pulse sorting done
on the pulse repetition frequency (PRF)
of the P3 and F2 pulses. Gating signals
were developed which allowed only those
pulses which passed all the tests to be
measured. The antenna pattern of an
ATCRBS interrogator about 15 miles away
was measured at 1030 MHz (figure 1-25).
It should be noted that this signal was
only one of many at 1030 MHz, and was at
least 80 dB below the local interrogator;
and that the pulses from a collocated
omnidirectional antenna radiating at the
mrame PRF have been eliminated.

Graphs were produced automatically every
30 minutes which showed how the 1030/
1090 MHz environment affected ATCRBS per-
formance (figure 1-26). Whenever strobes
occurred, the signal environment at
1030/1090 MHz examined to find a
cause.

was
SECTION 1.4. ADVANCED INSTRUMENTATION
FOR SPECTRUM MEASUREMENTS

The Radio Spectrum Measurement System

(RSMS) discussed above represents the
prototype of several mobile spectrum
measurement systems. The initial system
is continually being upgraded to meet new
long-range requirements as well as spe-
cial ad hoc measurement needs. In this
past year a floppy disc has been added to
the system to improve the general data
processing and system control capabili-
ties. A detector log video amplifier has
been built which increases the system
measurement bandwidth to 10 MHz. The
addition of a transient digitizer to the
RSMS has begun. When it is finished, we
will be able to make a burst of digital
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measurements with 10 nanosecond resolu-
tion, which will be particularly valuable
for studying radar pulse shapes.
Ehd

The EMC Data Recording System represents
a low-cost, semi-automatic capability
that complements the large, complex sys-
tems like the RSMS. The U.S. Army Commu-
nications Command has requirements that
include immediate response to electromag-
netic compatibility (EMC) problems that
affect the communications capability in
their systems throughout the world. The
EMC Group of ITS agreed to provide the
U.S. Army with a portable EMC data re-
cording and analysis package that 1is to
be operated by Army personnel.

The objective was to put together a port-
able EMC system that could be wused for

general spectrum occupancy measurements
of the power spectral density of poten-
tially interfering signals. This system

is modular in design, and is small (each

unit is 1less than Y in. high by 18 in.
wide and 22 in. deep) (figure 1-27),

lightweight, and is equipped with its own
shock mounted transport container.

The EMC package consists of a spectrum
analyzer, one controller and display
chassis, and a dual drive magnetic tape
unit. The spectrum analyzer is used as a
tunable wide-band receiver, and provides
outputs of signal level and signal
frequency.

The control and display unit uses a
microprocessor as the controlling ele-
ment, plus other associated electronics
to record, monitor, and display the de-
sired signals. The control chassis also
contains front panel switches and indi-
cators for control and display. The con-
troller also formats the data and con-
trols the data transferred to the magne-
tic tape recorder (which is a dual drive
cartridge type).

FY76 activity included building two port-
able EMC packages which consist of one
control and monitoring unit and one tape
recorder unit per package. Along with
the two field-portable packages, a labor-
atory development package 1is proviaed,
which includes the same units that the
field packages have. It also has a
microprocessor development unit ana com-
munications terminal. This laboratory
package can be used in the same manner as
the field packages, plus it allows system
software programs to be developed ana
programed in programable read-only memory
chips which are used to control the field
system microprocessors. The EMC data is
also monitored and analyzed (to a limited
extent) by the laboratory package.

a small, compact, powerful
operate

The wunit is
EMC data package that is easy to
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RSMS configuration for ATCRB system measurements.
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will perform many functions. It is
versatile in that the overall opera-

configuration can be easily changed
software changes.

Army Automatic Receiver System. There is
a critical and immediate need with the
Army frequency management community for
equipment which will permit a high volume
of measurements in frequency regions
where measurement equipment has been un-
available. Using presently available
manual techniques, the Communications
Electronics Engineering Installation
Agency of the Army Communications Com-
mand, has an estimated measurements back-
log of approximately ten years. By using
advanced automated techniques this back-
log is estimated at three years with sig-
nificantly improved results.

The project objective 1is the design,
development, and procurement of an auto-
matic spectrum analyzer/receiver system
capable of completely hands-off control
for measurements in the frequency region
between 10 Hz and 40 GHz. This system
requires the development of a remotely
locatable rf down converter for the fre-
quency region between 2 GHz and 40 GHz
and a time compression analysis converter
between 10 Hz and 10 kHz.

In addition, the equipment development
requires an extensive real time executive

operating system. This 1is a scftware
system which will permit significantly
enhanced system operating capability by

providing the operator with multiple pro-
gram operation, highly controlled program
scheduling, on-site data analysis, and
program development capability.

Along with the system, an
Course is being prepared to
the most effective operation
mated frequency management
systems directed toward EMC theory and
measurements. This course will cover
basic topics in radio propagation, elec-
tromagnetic compatability analysis, and
radio frequency interference problems.
In addition, equipment operations and
measurements scenarios will be made a
part of the course material.

EMC Trainin
provide for
of the auto-
measurements

The course material and one instruction
course will be provided for each Army
personnel student. This course will be
conducted by ITS personnel in Boulder. A
second joint course with Army personnel
participating will be conducted at Ft.
Huachuca, Arizona, after which all in-
structional materials will be delivered
to the Army for a series of future
courses to be delivered by the Army.

Another
Applications.
systems to

companion project 1is Software
To use automated receiver
measure interference at com-
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munications-electronic site, to evaluate
satellite ground station receiver sites,
or to determine potential hazards to
equipment and personnel requires an ex-
tensive applications software 1library.
The objective of the project is to devel-
op scenarios for various measurements
situations and then, based on the scen-
arios, to develop the software required
for an automated receiver to make the
necessary measurements.

The scenarios developed call for measure-
ments between 10 Hz and 40 GHz using
omni-directional and direction~finding
antennas in the frequency range. Data
collection and data analysis are to be
accomplished automatically with provision
for a variety of field generated reports.

Software for irregular Terrain. 1In esti-
mating radio propagation losses at VHF
and higher bands when irreqgular terrain
and an inhomogeneous atmosphere must be

allowed for, the NBS Technical Note 101
has long been a standard reference. Un-~
fortunately, choosing among 1its many

techniques is a difficult task requiring
an engineer thoroughly familiar with the
techniques and with the phenomena in-
volved. This project will attempt to
help out here. It will produce a compu-
ter program based on the techniques ot
Technical Note 101 but able to examine a
terrain profile and to select the proper
technique for the situation. Hopefully,
the program will be good enough to serve
as a "reference" against which other
propagation models may be compared.

The 1implementation of the program will
emphasize automatic extraction ot the
necessary terrain profile from the OT
file of digitized topographic data. The
model should be usable for frequencies
from 30 MHz to 100 GHz and for antenna
heights from the ground to super-synchro-
nous satellite orbits--almost anywhere
that 1involves the earth. Furthermore,
our treatment has already gone beyond the
techniques of Technical Note 101 and back
to their original sources, since the re-
gions where the techniques are valid are
limited by various approximations and
assumptions.



CHAPTER 2. SYSTEMS ENGINEERING
AND EVALUATION

The objective of this program sub-element
is to provide user-oriented telecom-
munication system performance criteria
and methods of performance measurements.
These performance criteria and measure-
ment methods are used by Federal agencies
in planning, designing, specifying, pro-
curing, leasing, and operating telecommu-
nication systems.

The project elements described below gen-
erally deal with existing or proposed
telecommunication systems and/or subsys-
tems, and the objective of most tasks 1is
to develop criteria, procedures, methods,
and instrumentations for testing, eval-
uating, and/or upgrading the performance
of such systems. Section 2.1 addresses
work relating to data communications.
Section 2.2 presents several projects
oriented toward satellite communications.
Section 2.3 summarizes the terrestrial
radio system performance efforts. Sec-
tion 2.4 deals with radio channel simula-
tion and radio system performance stan-
dards, and Section 2.5 presents -related
work in fiber optical communications.
SECTION 2.1. DATA COMMUNICATIONS

The rapid growth of digital communica-
tions to permit transfer of data between
computers, the encryption of voice commu-
nications for security reasons, and the
growth of specialized networks for bus-
iness, health care, electronic message
transfer, etc. provides incentive to de-
velop measures of performance and cost,
and procedures for selecting alternative
approaches for procurement or leasing
such capabilities. Three projects are
described; namely, Data Communications,
Undersea Data Collection Network, and
Local Digital Distribution Subsystem Con-
cepts.

Data Communications. Rapid growth of
computer communications and the emergence
of "specialized" common carriers have in-
tensified the need for effective, uni-
form, user-oriented means of describing
and measuring the performance of digital
communication systems. This project in
Data Communications has been organized to
fulfill this need through the development
and experimental validation of standard
communication system performance param-
eters and measurement techniques. The
project has three major 1long-term ob-
jectives:

1. Federal Performance Assessment

Standard. The Federal Telecommunications
Standard Committee (FTSC) has assigned
Lead Agency responsibility to ITS for the
development of Federal Standard 1033,
"Criteria for Assessing the Performance
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of Telecommunication Systems Used to Sup-
port Federal Information Processing."
This standard will be developed under the
authority of the National Communication
System. When approved, it will be pro-
mulgated by GSA and will be mandatory for
use by all Federal Agencies in the plan-
ning, procurement, and design of digital
communication services and systems. -

2. Measurement Standards. We have
initiated a series of statistical studies
aimed at development of confidence
intervals for performance parameter
measurements. Results of these studies
will provide communications users and
suppliers with standard methods of de-
scribing the accuracy of measured per-
formance parameter values. The measure-
ment standards will be published either
as a part of Federal Standard 1033 or as
a separate Federal standard.

3. Interconnection Standard. OT/
ITS plans to develop, as a follow-on to
Federal Standard 1033, a Federal standard
defining performance requirements and
"performance classes" for interconnection
of dissimilar digital networks. The pur-
pose of this standard will be to promote
and facilitate interoperability between
telecommunication systems used to support
federal information processing.

Results of the Data Communications pro-
ject will provide planning organizations,
such as the National Communication Sys-
tem, with the tools necessary to assess
the compatibility and interoperability of

Federal telecommunication networks and
will provide Federal Government users of
digital telecommunication services, for

the first time, with uniform means of de-
fining their performance requirements,
comparing service alternatives, and moni-
toring delivered performance. The poten-
tial for actual cost savings in each of
these areas is substantial.

Major FY76 objectives and results in the
four project activities (Applications
Analysis, Statistical Analysis, Standards

Support and Liaison, and ARPA Network
Measurements) are summarized below.
The major objective of the Applications

Analysis program for FY76 was to develop
and define the final performance param-
eters to be included in Federal Standard
1033.

A summary of the performance parameters
selected for inclusion in the final draft
version of Federal Standard 1033 is pro-~
vided in figure 2~1. Note that, in the
case of the block-oriented parameters,
values are to be provided for two sepa-
rate block 1lengths: a block of length
one (i.e., one bit) and a characteristic
block length specified by the communica-
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tion system operator. These results were
provided to FTSC in the form of presenta-
tions and meeting reports, and the draft
of a forthcoming OT Report is undergoing
editorial review.

During FY75, we developed a method of
establishing confidence limits for binary
error-rate measurements under the assump-
tion of "Bernoulli trials" (i.e., inde-
pendence between successive bit transfer
attempts). The major objective of the
Statistical Analysis activities for FY76

was to extend these results to the more
general and more practical case where
there may be dependence between succes-

sive bit transfer attempts. The neces-
sary statistical techniques were success-
fully developed during FY76 for one
widely~-used dependence model, the so-
called "Gilbert" model. Experiment
design procedures and statistical tests
for applicability of the Gilbert model
were also developed. Results will appear
in an OT Report to be published in the
near future.

Major FY76
Support and Liaison
coordination of Federal
with FTSC, and with the
Subcommittee members, and (2) continued
support of the FCC's efforts to develop
quality and reliability standards for the
"specialized" communication services
(Docket 18920). OT/ITS conducted seven
FTSC Technical Subcommittee meetings
during FY76. These meetings served to
identify the performance assessment needs
and practices of the participating
Federal Government agencies, and provided
an interagency forum for discussion of
performance parameter definition issues.
The meetings culminated in a consensus on
the performance parameters summarized in

figure 2-1.

In support of the
forts, OT/ITS developed during

objectives in the Standards
activity were: (1)
Standard 1033
FTSC Technical

FCC's standards ef-
FY76 a

summary of the industry comments on the
FCC's Quality and Reliability inquiry,
and a refinement and amplification of

OT's FY75 Docket Submission in this area.
The results are scheduled for publication
in a forthcoming OT Report.

Other standards support and liaison ac-
tivities during FY76 included participa-
tion 1in ANSI's Data Communications Stan-
dards Task Group (X3S3.5), various other
agency briefings, conference presenta-
tions, and open literature publications.

Major FY76 objectives of the ARPA Network
Measurements activity were to complete
procurement and installation of an ARPA
Network Host computer facility at ITS, to
interconnect the Host Facility with the
ARPA Network, and to initiate a perform-
ance measurement program designed to test
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the utility and practicality of the per-
formance parameters specified in Federal
Standard 1033. The OT/ITS Host system
was successfully interfaced to the ARPA
Network in March 1976. Figure 2-2 is a
photograph of Host equipment, and figure
2-3 shows details of the Host/TIP TInter—~
connection.

ARPA Network measurement objectives and
experimental plans were also developed
during FY76. A PDP-11 computer program
designed to test the performance param—~
eter Access Time was completed.

Modulation Studies for an Undersea Acous-
tic Coupler and Data Collection Network.
To improve utility of an existing under-
sea acoustic detection network (consist-
ing of a number of hydrophones and a
transmission cable system), the Naval
Electronic Systems Command and the Naval
Undersea Center plan to install a number
of new hydrophones, to modulate a locally
generated carrier with each new hydro-
phone signal, to project each modulated
signal to an existing hydrophone with an
acoustic coupler, and to transmit the mo-
dulated signal through the upper portion
of the designated frequency band for the
existing hydrophone and the transmission
cable system.

ITS studied aspects of the proposed plan
with a primary emphasis on the effects ot
the limited linear dynamic range (LDR) of
the existing transmission cable system.
The LDR's for both the existing and new
hydrophone signals were calculated as a
function of the allowance for an increase
in the ocean noise density in the upper
portion of the designated frequency band.
Frequency-modulation (FM) and pulse-code-
modulation (PCM)/phase-shift~keying (PSK)
techniques were considered. Comparison
of the two modulation techniques indi-
cated that they were similar with regard
to the performance measured with the LDR.
A fifth-order Chebyshev-type band-pass
filter was found to be a desirable filter
to be placed after the modulator in the
acoustic coupler. The original plan was
shown to be feasible for certain values

of the LDR and with some allowance for
ocean-noise increase. Overall design
procedures for the acoustic coupler were

also considered from the standpoint of

modulation studies.

of this study are contained
report O

The results
in a classified (Confidential)
T™ 76-224 by H. Akima.

Local Digital Distribution Subsystem Con-
cepts. ITS conducted a study for the
U.S. Army Communication Systems Agency on
local distribution systems for use at se-
lected military facilities throughout the
world. The goal is to establish techni-
cal feasibility and optimal operation of
systems. The Local Digital Distribution



Figure 2-2. Photograph of the Boulder Laboratories Host/TIP connection
to the ARPA network.
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System (LDDS) must also be interfaced
with the military all-digital global net-
work.

The local area distribution plant facili-
ties must be equipped so that the 1long-
haul digital circuits of the Defense Com-
munications System's (DCS) Future Digital
Network (FDN) and the Transitional/Inte-
grated DCS can be extended to the local
user terminals. The LDDS must also pro-
vide digital transmission capability for
on-base functions and interconnection to
the digital circuits wused by TRI-TAC,
Allied Forces and commercial facilities
of CONUS and foreign carriers. As the
long-haul <circuits of the DCS backbone
system are converted to digital transmis-
sion, the corresponding portion of the
LDDS must also be converted. If this
capability 1is not provided, then the in-
creased reliability of the digital DCS
transmission scheme will not benefit the
user. Also, local area costs may in-
crease substantially.

Local Area Distribution Systems provide
the circuits to connect individual sub-
scriber's terminal equipment to the local

central office, Digital Automatic Ex-
changes (DAX), or Unit Level Switchboards
(ULSB) .

The objective of the LDDS is transmission
of digital signals from the terminal
equipment to the long-~haul system or to
other terminal equipment 1in the 1local

area without the necessity of converting
to analog signals for transmission.

The LDDS must transmit all types of digi-
tal signals (e.g., voice, data, narra-
tive, facsimile, and video) from the user
I/0 device to the DCS access point or to
the access point of other networks.

Accomplishments on the LDDS project this
fiscal year are summarized in OT Report
76~-95 by Martin Nesenbergs and Robert F.
Linfield, "Parametric Cost Alternatives
for Local Digital Distribution Systems."

The report discusses the broad investi-
gation of LDDS system concepts. The
forward-looking time frame is extended to
1985 and beyond. The work emphasizes
three gquidelines: development of func-
tion/service parameters; formulation of
alternative LDDS concepts; and perform-
ance of preliminary analyses of service,
performance, and cost.

A parametric approach to the study shows
that the system cost appears to be the
most prominent of all parameters consid-
ered. Other service parameters which are
significant are:

(a) Size of service area
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(b) Number of terminals
(c) Terminal density
(d) Variety of services offered

(e) Traffic and usage statistics
Necessary housekeeping tasks -
clocks, compatibility, trans-
parency, and others.

The report outlines a parametric descrip-
tion of LDDS with emphasis on cost. In
particular, it assembles the parameters,
system alternatives, components, and
their costs 1into a cost summary of LDDS
case studies for Ft. Huachuca and the Ft.
Monmouth DCS access areas.

A map of the Ft. Huachuca base is shown

The subscriber density
of the same map is given in
figure 2-5. Figures 2-6 and 2-7 show

partitioning

star and hub configurations for an LDDS
in Ft. Huachuca.

The report also contains tables of com-
parative costs for coaxial cable under-
ground and overhead installations of star
and loop configurations.

SECTION 2.2, SATELLITE COMMUNICATIONS
This activity is made up of projects car-
ried out for several Federal agencies and
ranges from technical management assist-
ance (certification) in evaluating a con-
troversial domestic common-carrier/satel-
lite interconnect question to preliminary
system design concept studies for natural
disaster warning.

Circuit Status for Multiple-Satellite-lop

User Reaction Tests. On August I, 1974,

the American Telephone and Telegraph Com-

pany (AT&T) filed revisions to certain
tariffs with the Federal Communications
Commission (FCC) affording restricted

connection to the public switched network
of satellite circuits to be used 1in the
Foreign Exchange (FX), Common Control
Switching Arrangements (CCSA), and Tandem
Tie Line (TTL) services. The restric-
tions were based on alleged technological
difficulties arising from the unrestrict-
ed use of such satellite circuits in the
above-mentioned private services on con-
nections which accessed the public
switched network. Four other parties,
the American Satellite Corporation (ASC),
General Electric (GE), RCA Global Commu-
nications, Inc. (RCA Global), and the
Western Union Telegraph Company (wU)
sought rejection of the tariffs, chal-
lenging the legality of the restrictions
and disputing the alleged technological
difficulties. The technological issue
was referred to the Chief of the FCC's
Common Carrier Bureau for resolution, and
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Ft. Huachuca

Figure 2-4. Street map of the selected example (Ft. Huachuca, Arizona)
for the Local Digital Distribution Subsystem (LDDS) study.
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Subscriber density map of Ft. Huachuca usé in the LDDS study.

Figure 2-5.
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Figure 2-6. Possible star configuration for Ft. Huachuca developed
in the LDDS study.
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Figure 2-7. Possible hub configuration for an LDDS in Ft. Huachuca.
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subsequently an agreement was entered
into to undertake a program of interview
tests to examine customer reaction to
certain test conditions. Pending comple-
tion and evaluation of the test, AT&T
withdrew the proposed tariff restrictions
on connection of satellite circuits.

Pursuant to an interagency agreement with
the FCC, ITS served as the Technical Man-
agement Organization (TMO) to oversee the
physical implementation of the circuits
and to verify their continuing suitabil-
ity for use during customer interviews to
be conducted by an independent polling
organization.

Customer reactions were solicited by the
polling organization after they had com-
pleted voice telephone conversations that
were relayed one, two, or three times
through the WESTAR satellite and through
special trunk circuits provided by ASC,
AT&T, and WU (see figure 2-8).

Circuit implementation

audited through a series
visits to switching offices across the
country and through the evaluation of
pre-service and 1in-service daily and
weekly circuit tests observed by the TMO
or reported by the carriers. The circuit
tests were as follows: a) 1000 Hz 1loss;
b) message circuit noise; c) daily propa-
gation delay and signaling; d) pre-~
service pulsed signaling; e) frequency
response; f) in-service echo suppressor;
g) go/return crosstalk measurements; h)
out~-of-service echo suppressor; and 1i)
echo~-return and singing~-return loss (bal-
ance) measurements. Customer interviews
were not permitted by the TMO on circuits
that did not meet established criteria.

and quality was
of 1inspection

The results of the tests were compiled
and reported weekly by the TMO to a
Steering Committee which had been formed
to implement the testing and to establish
test criteria with the concurrence of the
TMO. The Steering Committee was composed
of representatives of the Common Carrier
Bureau, AT&T, WU, ASC, RCA Global, and
GE.

final reports by the
filed
These

the

Subsequent to the
TMO and polling organization, AT&T
new tariff revisions with the FCC.

afforded unrestricted connection to

public switched network of multiple~hop
satellite circuits to be wused 1in the
CCSA, FX, and TTL services, but with cer-
tain provisions. One of them 1is that
there will be no guarantee of circuit
quality.

Another result is an FCC plan to investi-
gate standardizing echo suppressor test
characteristics. During the course of
the project, ITS compared out-of-service
echo suppressor test results with those
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prescribed by CCITT Recommendation G.161.
Certain allowances had to be made in the
Recommendation because the echo suppres-
sors that were tested were intended for
satellite rather than terrestrial cir-
cuits. The TMO became concerned because
there were significant differences in the
results of the tests of the suppressors
which had been provided by different man-

ufacturers. The immediate effect was to
have some echo suppressors replaced,
while the 1long-term effort by the FCC

will be to standardize the values of the
time constants measured in out~of-service
tests.

This work is reported in OT Special Pub-
lication 76-8, "Circuit status for
multiple~satellite~hop user reaction
tests," by Donald V. Glen, Earl C. Bol-
ton, James C. Blair, and Peter M. McMana-
mon.

Spin Statistics of GOES Data

Collection

Modulation of

System. Since 1971, the In-
stitute has been involved in studies of
the GOES telecommunication system for the
National Environmental Satellite Service
of NOAA. An FY76 project reported by
Donald V. Glen and Martin J. Miles in OT
Report 76-81 presents the results of
statistical analyses of unmodulated car-
rier signals for the interrogation and
data reply 1links of the data collection
system. These carrier signals were
transmitted through the GOES satellite
between a Data Collection Platform Radio
Set (DCPRS) and the Command and Data
Acquisition (CDA) station. The objective
of the program was to normalize the
amplitude and phase perturbations of the
unmodulated signals by integrating the
effects of spin modulation.

The 400 MHz signals (between the DCPRS
and spacecraft) and the 2.0 GHz signals
(between the spacecraft and CDA station)
are modulated by the 100 rpm spin stabi-
lization of the spacecraft in its geosta-
tionary orbit and by the switching of
power between the antenna elements on the
perimeter of the spacecraft. The net ef-
fect is spin modulation, which influences
the data-bit stream or wunmodulated car-
rier by introducing undesired amplitude
and phase modulation.

Statistical parameters studied included
the mean and standard deviation of the
signals, and the computer plots of a) one
set of data points during one revolution
of the spacecraft, b) mean values for
data points from 1000 revolutions of the
spacecraft, c) the differences between
the sample and the mean values, and d)
the mean wvalues for 1000 differences.
These parameters were determined for the

output of the Data Collection Platform
Interrogate (DCPI) phase detector, the
output of the Data Collection Platform
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Reply (DCPR) phase detector, and the DCPR
amplitude ripple.

The analysis involved simultaneous sam-
pling of three signals at 128 data points
during each 600 ms revolution of the
GOES. Therefore, during each revolution,
a data sample was taken simultaneously,
each 4.68 ms, on each signal. One thou-
sand samples were then used for each of
the 128 data points to determine the mean

value and standard deviation each 4.68
ms.
By using a set of statistics that could

be applied to subsequent GOES signals,
the intent was to obtain a predictable cw
type signal that may also exhibit ampli-
tude and phase perturbations due to other
sources, such as 1ionospheric scintilla-
tion. By understanding the effects of
such phenomena, and their contributions
to signal enhancement or fading, the in-
tent would be to design improved communi-
cation 1links for GOES and other future
satellite systems.

using the approach described to
normalize the effect of spacecraft spin
modulation, the study of ionospheric
scintillation effects on the GOES signal
is not recommended because spin modula-
tion effects vary significantly during
each revolution of the satellite.

However,

Improvement of the GOES Interrogation
Link. The NOAA Data Buoy Office (NDBO)
at Bay St. Louis, Mississippi, has ex-
perienced difficulty with the Data Col-
lection Platform Interrogation (DCPI)
link of the Geostationary Operational En-
vironmental Satellite (GOES). The Office
determined that the percentage of suc-
cussful interrogations of Data Collection
Buoy Radio Sets (DCBRS) was unsatisfac-

tory for a reliable Data Collection Sys-
tem (DCS). The radio sets, sensing de-
vices, and associated peripheral and in-
terface equipment were mounted on buoys
located in the Gulfs of Mexico and
Alaska.

The NDBO requested the ITS to evaluate

the problem, recommend a solution, modify
a DCBRS, 1if necessary, and conduct per-
formance tests to demonstrate improved
performance characteristics of the in-
terrogation link.

An assessment of the current link power
budget was made. Alternate solutions to
improving performance are being consider-
ed, while 1link interrogation and bit-
error~-rate (BER) tests are being made.

Early performance testing at the Boulder
Laboratories indicated two problem areas:
a) low received signal level, and b) co-
channel and adjacent channel interference
from mobile transmitters. The interroga-
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tion frequency has secondary priority 1in
the mobile channel frequency assignment.

Possible solutions to these problems in-
volve the use of: a) a higher gain an-
tenna, b) a low-noise preamplifier with
sufficient gain to improve the bit~error
rate and received signal level character-

istics, c¢) an input filter to 1limit the
intertference (however, this degrades the
system noise figure), and d) offsetting

the 1interrogation frequency from the mo-
bile transmitter assignments.

Interference measurements in the UHF
band, sponsored by the Office of Telecom-
munications Policy will be made with the
Radio Spectrum Measurement System (RSMS).
Results of this evaluation and testing
will be used to recommend interrogation-

link performance improvement. This work
will be completed in FY77.
System Definition Study for the U.S.

Postal Service Electronic Message Service
System. The U.S. postal Service (USPS)
has undertaken a long-range program whose
principal objective is the planning and
development of advanced mail systems. An
important element in this program is the
planning and development of a national
Electronic Message Service (EMS). OT/ITS
has, in past years, assisted the USPS EMS
program with system studies related to
satellite communications and frequency
allocations, satellite communications
network design and queueing delay, and
input/output EMS conversion systems for
conversion of USPS customer messages into
digital form and vice versa.

The objective of this OT/ITS project has
been to assist the USPS in planning, pre-
paring, and reviewing a statement of work

for an industrial contractor who will
conduct a detailed system definition ef-
fort for the purpose of establishing the

technical and economic feasibility of a
nationwide EMS concept.

available
systems

The attractive economics of
wideband telecommunications
strongly suggest that the USPS should
look at such large-scale message systems
as a new means of providing basic message
services at reduced costs to the USPS
customer.

Functionally, the EMS system would accept
messages in digital or paper-copy form;
convert inputs, as required, into a aigi-
tal form; transport message inputs elec-
tronically from source to EMSS destina-
tion over communication networks; and
either convert the message back to paper
copy form for carrier delivery to the re-
cipient or deliver it to the customer by
alternative electronic delivery systems.
The possible collocation of EMS facili-
ties with existing USPS facilities 1is a



major consideration 1in
costs and in providing suitable
ventional-mail interfaces.

reducing EMSS
EMS/con~

We developed the EMS system requirements
and system alternatives study require-~
ments, as well as the system evaluation

concepts specified in the EMS system de-
sign statement of work. Additional ef-
forts involved the technical areas of
message traffic analysis, network archi-
tecture, operational procedures, link de-
sign, error control, network cost, and
trade-off studies.

A USPS statement of work was released to
bidders in April 1975, and proposals from
industry were received in June 1975.
OT/ITS served as part of the USPS techni-
cal proposal evaluation team until the
completion of the project term in October
1975. The proposal evaluation activities
have continued beyond October 1975 under
the continuing project described below.

A separate activity of this project was
to perform a review of all rulings and
other actions of the Federal Communica-
tions Commission in the field of digital
communications for both common and spe-
cialized carriers. Letter reports were
submitted to the USPS.

Electronic Message Service System Defini-
tion. ITS has continued to provide tech-
nical assistance in the telecommunication
aspects of EMS to enable the USPS to work
more effectively and productively with
U.S. industry in the EMS development.

During FY76, ITS has provided technical
assistance to the USPS 1in execution of
the Electronic Message Service (EMS) Sys-~
tem Definition and Evaluation program.
We participated on the USPS technical
proposal evaluation team to evaluate in-
dustry proposals. This effort led to a
contract award to RCA for a two-year Sys-
tem Definition and Evaluation Study to
develop and evaluate EMS system alterna-
tives, select an EMS system design for
nationwide USPS implementation, and con-~
duct planning and economic studies.

We also studied system service and per-
formance requirements for the USPS EMS
and assisted the USPS in development of
the parametric requirements for the EMS
system definition effort. Figure 2-9
shows a sample of these parametric stud-
ies. The scope of the requirements in-
volves systems which may have traffic
volumes from 25 to 200 million EMS mes-
sages per day from 25 to 15,000 EMS sta-
tions, most of which would be collocated
with present USPS facilities. Others
would be at customer facilities; provide
for both manual and telecommunication in-
put and output; may have EMS services for
digital data, magnetic tape, card or
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disc, OCR, facsimile (black and white and
possibly color), and microfilm; and in-
volve a variety of terrestrial as well as
satellite communication networks.

Building Attenuation of Satellite Sig-
nals. This project is one segment of a
broader study being conducted by NASA to
determine the feasibility of a future
disaster warning system wusing direct
broadcast from a geosynchronous satell-
lite. For such a warning system to be
practical, one concept <calls for the
warning signal to be receivable by a
small receiver inside a house.

The project was organized in three parts:
the design of an experiment for measuring
building attenuation wusing signals from
the ATS-6 Satellite (Phase I, the
measurement of building attenuation
(Phase II), and the analysis and assess-~
ment of the measured attenuation data
(Phase III). Phase I and II were com—
pleted during FY75. The objective of the
data analysis was to evaluate the build-
ing attenuation data as a function of
frequency, elevation angle, type of
building construction, weather condition,
and climatic area. The analysis included
a review of information on housing occu-
pancy and trends to assess the impact of
the building attenuation measurement re-
sults on the design of a future satellite
warning system.

During the building attenuation measure-
ment phase, measurements were made on 27
buildings of different construction. All
buildings were single-family residences
and were located in Boulaer, Colorado;
Duluth, Minnesota; Kansas City, Missouri;
Houston, Texas; and Little Rock, Arkan-
sas.

In the evaluation of the measured attenu-
ation data, the data were classified ac-
cording to city, frequency, type of
building construction, and type of insu-
lation wused in the building. Each room
was also classified according to effec-
tive window surface area (6 groups) and
degree of exposure (Y9 groups); i.e.,
classified by degree of sheltering by
other parts of the building. The roof
conditions of the building were also the
basis for classification. Snow (3 lev-
els) and rain (3 levels) were considerea.

In the analysis of these data, the sta-
tistical technique of analysis of wvari-
ance was used. The purpose of the analy-

sis is to determine the relative contri-
bution of each factor (e.g., frequency,
type of construction, etc.) to the over-

all wvariability of the building attenua-
tion data. The analysis showed that all
factors except window aperture, snow, and
rain had a statistically significant ef-
fect on building attenuation.
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Figure 2-10 shows the results of a subset
©of the data in which two building types
(wood siding and brick veneer), two insu-
lation types (blown in ceiling and ceil-

ing and walls no metal), and room expo-
sure (one or more walls exposed and no
exposed walls) were measured. While the

average measured attenuation for the wood
and brick veneer buildings was 6.3 dB,
there were several measured attenuations
which were significantly greater. Two
wood-frame houses with wood exterior in
Kansas City had interior walls of alumi~
num backed sheetrock. The measured at-
tenuation for these houses ranged from
14.6 to 22 dB. Thus it is apparent that
for some classes of housing units (fre-
quently characteristic of an area) the
building attenuation is wvery high. A
follow~on project, described below, has
been initiated to study alternative meth-
ods of receiving a direct satellite com~
munications signal.

A final report (The attenuation of UHF
radio signals by houses, by Paul I. Wells

(ITS) and P.V. Tryon (NBS)), now in edi-
torial process, contains the details and
analysis of this measurement project. It

is scheduled for future publication as an
OT Report.

Alternative Reception Techniques for
Direct Satellite Communication. The re-~
sults of the building-attenuation study
described above have prompted two possi-
ble areas of investigation for improving
reception of warning signals: improved
coupling (to compensate in those cases
where building attenuation is excessively
high) and improved (yet cost-conscious)
home~receiver design.

The objective of this project is to eval-
uate novel, low-cost alternative methods
and techniques for receiving radio sig-
nals in a variety of houses including mo-
bile homes (where attenuation is high).
The purpose of the radio signal 1is to
communicate warning of a natural disaster
such as a severe storm.

There are a number of potential tech-
niques for coupling the radio signal into
a house. Typical of those which will be
studied in this activity are use of a
simple, outside antenna; coupling through
the AC-power house wiring; and use of an
existing TV antenna.

The type of receiving system which may be
appropriate will be dependent upon the
method of modulation used in the message
transmitted from the satellite.

In this study of receiving systems, pri-
mary consideration will be given to fre-
quency modulation. State~of~the~art in
receiver design techniques will be sur-
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veyed for novel designs which may be ap-
plicable to a low-cost receiver.

This project was initiated late in FY76
and will be completed in FY77. It will
provide basic information which is re~
quired to assess adequately the feasibil-
ity of a disaster warning system using
direct communication from a geosynchro-
nous satellite.

SECTION 2.3. TERRESTRIAL RADIO
SYSTEM PERFORMANCE

This activity represents a significant
part of a long~term contribution to the
acceptance, evaluation, operation, and
upgrade of existing communication systems
operated by the Federal government. The
projects deal with system performance
prediction and system performance
measurement and evaluation.

Radio System Performance Studies, 10-30
GHz. The increasing congestion in fre-
quency bands below about 10 GHz coupled
with the need for increased bandwidth to
support higher information rates makes it
mandatory to explore potentials of wide~
band communications in frequency bands
above 10 GHz. The effects of the trans-
mission medium for radio communication in
these bands which have been treated 1in
this study are fading (due to atmospheric
stratification and turbulence) and at-
tenuation, as well as depolarization by
precipitation. The predictability of
radio system performance is closely re-
lated to the statistics and predictabil-~
ity of these channel characteristics.

FY76 efforts constitute the second year
of this project, and the objectives in-
cluded further instrumentation and data
collection on the 1long line~-of-sight
links in Colorado (see also the next pro-
ject below) and assembly and publication
of statistical information on atmospheric
refractivity and rainfall rate as a
function of geographical location.

Automated data collection and evaluation
equipment consisting of a minicomputer
and peripherals was procured in November
1975. This equipment is scheduled for
installation on Lookout Mountain as the
central point for data collection on the
Colorado 1line-of-sight 1links. The ae-
sired programing has not yet bpeen com-~
pleted, and design changes in the input-
output interfaces have delayed installa-
tion.

Much of the initial output of this pro-~
ject, and also the next project below,
(including data gathered on the 1long
line~-of~sight links and the assembly of
statistical information on atmospheric
refractivity and rainfall rate) are dis-
cussed under the EM wave Transmission
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Figure 2-10.

Attenuation presented by buildings to the reception of
satellite signals by a receiver inside the building.
Both horizontal and vertical polarization are shown
for 860 MHz, just vertical for 1550 and 2569 MiHz.




this report. The resultant
however, constitutes basic
information for estimating re-
of microwave radio communica-
function of atmospheric char-
Specifically, refractivity
may be related to
multipath phenomena that affect digital
transmission reliability. Rainfall rate
statistics form the basis for precipita-
tion attenuation outage time estimates
that affect the feasibility of wusing
frequencies in the 11, 15, or 18 GHz fre-
quency ranges for communication applica-
tions in a given area.

section of
material,

background
liability

tions as a
acteristics.
gradient statistics

The measurements over the Colorado links
will be continued, and augmented with
transmissions at 15 and 18 GHz. Further
studies regarding atmospheric effects on
digital communications will be made.

Radio Systems Applicationsg Consulting.
This project was originally implemented
in order to enable ITS to provide a fast
response to the Army Communications Com-
mand's needs in the implementation, test-
ing, performance estimation, and perform-
ance evaluation of strategic microwave
and troposcatter links and systems. This
project has been in existence for a num-
ber of years, and specific objectives or
tasks are 1imposed by the sponsor as re-
quired.

FY76 tasks were part of a cooperative
program between the U.S. Army and ITS to
obtain performance data over long line-
of-sight (LOS) microwave 1links at fre-
quencies above 10 GHz (see previous pro-
ject). Specific objectives were to make
long-term transmission loss measurements
over two existing links in Colorado at 6
and 11 GHz, and to acquire, assemble, and

install 15 GHz equipment on these same
links. The results of these tests and
related reports are described under the

EM Wave Transmission portion of this re-
port.

Equipment necessary for 15 GHz measure-
ments was acquired partly on loan from
the U.S. Air Force and partly by the pur-
chase of components. This equipment was

assembled and tested in the laboratory;
but has not yet been installed at the
sites.

Results of the work under this project

contribute to the data
ability of performance for long microwave
LOS links, and provide additional data on
expected outage time due to rain attenua-

pool on predict-

tion. Such data can be used as a basis
for 1ink and system reliability esti-
mates, although they constitute only a
small sample.

Test and Acceptance Upgrade. This pro-

ject was initiated in FY71, and provided
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engineering services to the U.S. Air
Force Communication Service (AFCS) 1in
support of acceptance and performance
testing of broadband point-to-point com-
munication systems. Specific tasks for
the project were the automation of tests
and measurements, and development of the
associated instrumentation with emphasis
on signal level recordings from microwave

links.

Two automatic devices, termed "RSL-1"
(field tested several years ago) and
"RSL-2", were designed and built by ITS.

The RSL-2 is controlled by a minicompu-
ter, and can perform signal level record-
ings, automatic calibrations, and on-the-
spot data analysis for quadruple diver-
sity microwave communication systems. It
has the provision for recognizing the on-
set of fading conditions and tor more de-

tailed record-taking under such condi-
tions. Signal levels can be graphically
presented on peripheral equipment, and
tape cassettes accumulate data for

computer~controlled analyses at a later
time. Thus an assessment of system
performance can be made immediately, ana

a more detailed analysis is possible for
a specified time block at any later date.

The FY76 work included upgrading of the
RSL-2 and improvement ot the software
programing for the system.

AFCS Digital Data Systems. The U.S. Air
Force Communication Service (AFCS) engi-
neers, operates, and maintains portions
of the Defense Communication Agency's
world-wide military communication net-
work. As the complexity of the network
equipment increases, the sophistication
of the instrumentation required to moni-
tor the network has increased proportion-

ately. Yet it is very desirable that the
new instrumentation should be easy to
use. Rather than utilize special purpose

measurement equipment, the decision was
made by AFCS to use modular, stand-alone,
programable test equipment with a general
purpose interface bus (GPIB) that meets
the IEEE 488-1975 standard.

In order to utilize the modular instru-
mentation in a distributed communications
environment, ITS was given the responsi-
bility for developing the prototype Uni-
versal Performance Assessment and Control
System (UPACS). This system 1is to be
used in the operational evaluations of
digital microwave radios on the AFCS Test
Bed. The UPACS system consists of a cen-
tral, real-time minicomputer with discs,
graphics, printer, magnetic tape, and
paper—tape facilities. The central com-

puter serves as a master and polls seri-
ally three slave minicomputers for data
taken wvia the GPIB instrumentation. ITS

developed the communications protocol and
software, as well as sample programs to



demonstrate the use of the minicomputer
network. The concepts being developed by
ITS for UPACS will most likely have a
major role in influencing future deci-
sions concerning DCA long-lines testing
and procedures.

A similar program of data acquisition and
analysis via a distributed computer net-

work was developed for the FKV European
system and is described 1later in this
section. Major differences between FKV
and UPACS are that UPACS uses serial

polling over a single communications line
to all slave minicomputers, whereas FKV
uses a separate communications channel to
each slave minicomputer. Also, all input
data to UPACS are obtained via the GPIB,
while the FKV system uses special-purpose
instrumentation and analog-digital con-
verters for data input.

The UPACS system, including hardware
assembly and software development, was
completed in July 1976 and shipped to the
sponsor.

RADC Automatic Data Acquisition and Anal-
ysis System Instrumentation. Under con-
tract to Rome Air Development Center
(RADC), Griffiss AFB, ITS has developed
computer instrumentation to measure and
analyze the degree of applicability of
cross polarization transmissions for dig-
ital radio systems operating at 8 GHz.
The purpose of the experiment is to de-
termine the effects of cross polarization
on the performance of 1line~of-sight
(LOS), microwave, digital transmission.

To study this effect, ITS developed hard-
ware and procured computer and peripheral
equipment to make the measurements. A
related ITS project (reported on in sec-—
tion 4.1) was devoted to the design and
construction of the cross-polarization
portion of the equipment.

Additionally, real-time software programs
were written to measure and determine the
isolation between horizontally polarized
and vertically polarized microwave chan-

nels, and to record the bit-error counts
of two quadriphase, phase-shift~-keyed
(PSK) modems.

The software package consisted of two
parts: a real-time system and a post-
test system. The real-time system col-
lects data on received signal level (for
both horizontal and vertical polariza-
tions) and reads bit-error counts. These

parameters are measured once each second,
and plots of cumulative distributions are
calculated to include 50%, 902, 99%, and
99.9% points. Detailed data are stored
on magnetic tape for use by the post-test
system. The real-time system also cali-
brates the hardware system once each day.
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The post-test system reads all the magne-
tic tape data, and calculates and prints
histograms, histogram summations, least
squares curve fits, confidence limits,
and corresponding point matrices.

The software programs were written, in-
stalled, checked, and, after delivery of
computer instrumentation, the programs
were tested at the receiver site in New
York state. Real-time measurements were
made and the data were stored.

In FY76 the final software and hardware
tune~-up was performed, and the system was

turned completely over to RADC. Figure
2-11 is a photograph of the complete 1in-

stallation.

SELCAL. Calling ships at sea by radio is
a painful affair and often accompanied by
almost intolerable delays, on the average
exceeding six hours.

The problem has been recognized for some
time, and in 1972 the Maritime Adminis-
tration (MarAd), at the request of many
U.S. shipping companies, 1initiated the
development of a digital selective call-
ing system (SELCAL) to meet present and

future needs.

Internationally, this need was recognized
and the CCIR adopted a Question on this
subject in 1967. Based on work done by a
special committee of the Radio Technical
Commission for Marine Services, as well
as some MarAd in-house analyses, a speci-
fication for a digital SELCAL system was
prepared and a contract was awarded to
GTE/Sylvania to build six demonstration
units. ITS has served as technical ad-
visor and representative for MarAd since
1973. We carried out simulation tests in
our laboratory and participated in at-sea
tests. The results of these tests were
presented to the CCIR in early 19Y74.

Concurrent with the development in the
U.S., the Netherlands Administration de-~
veloped a digital selective calling sys-
tem as part of a direct printing communi-
cations system for maritime use. At the
Final meeting of CCIR Study Group 8 in
1974, a compromise between the Nether-
lands system and the U.S. system was
agreed upon in principle. The 1974 world
Administrative Radio Conference (WARC)
adopted the digital selective calling
system subject to final technical defini-
tion by the CCIR. To this end, an Inter-
im Working Party (IWP) was established to
ensure that a recommendation will be ar-
rived at before the next CCIR Plenary
Assembly.

This Interim Working Party (IWP) met in
1975 and agreed on a proposed draft tor
such a Recommendation, which was submit-
ted for the 1976 Interim Meeting of CCIR
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Figure 2-11.

Photograph of the completed instrumentation for the RADC
Automatic Data Acquisition and Analysis System.




Study Group 8,
few modifications.

and adopted with only a

After the SELCAL demonstration units were

modified in accordance with the princi-
ples of the 1974 agreements, ITS conduct-
ed further tests with its HF simulator

and supervised subsequent at-sea tests,
prepared contributions to the IWP and for
the Study Group 8 meeting, presented the
results of these tests, and suggested the
technical characteristics for a proposed
Draft Recommendation. The success of the
meeting of the IWP, and the adoption of a
Draft Recommendation at the S.G. 8 Inter-
im meeting, were largely due to these
U.S. contributions.

A wide range of SELCAL equipment is fore-
seen, from elementary units in the price
range of $100 to $200 for pleasure and
other small craft to highly sophisticated
units with many control functions priced
at several thousands of dollars for large
commercial cargo and passenger ships.
Figure 2-12 is a photograph of a working
SELCAL unit. For the U.S. alone, the po-
tential market in the next decade will
probably be tens of millions of dollars.
Internationally, the U.S. is in a prime
position to capture a large share of the
world market due to its early lead.

FKV Data Measurement System Development.
The purpose of the FKV-related projects
was to develop and implement a semi-auto-
mated data collection and reduction sys-
tem to be used to monitor and pre-process
significant operational and technical
performance parameters of a pilot digital
microwave communication system consisting

of five line~of-sight links. This commu-
nication system is operated by the U.S.
Army Communications Command 1in West

Germany between Heidelberg and Stuttgart-
Vaihingen (see map in figure 2-13), and
constitutes the first step in the ulti-
mate conversion of the world-wide U.S.
defense communications to digital trans-
mission techniques. The pilot system is
designated as the FKV Project (Frankfurt-
Koenigstuhl-Vaihingen). Related ITS work
is described in the project description
immediately following.

Work under this project included procure-
ment of minicomputers, related peripheral
hardware, executive and other required
standard software, and the development,
checkout, and implementation of computer
programs to collect, store, and pre-
process operational performance param-
eters from three communication sites.
Using dedicated communication channels
between sites, the system permits collec-
tion of all information for storage at
the Heidelberg station.

in the software de-
the analysis of

Particular emphasis
velopment was given to
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"events" or "change-of-state" data. In-
formation about events is stored on mag-
netic tapes, which are forwarded to
Boulder Laboratories for further analy-
ses. Additional programing activities
were developed for sorting the tapes for
examination on cyclic or random event oc-
currence, and for identification of other
characteristics related to performance
problems or equipment status. Monitoring
events 1in this manner provides informa-
tion regarding such things as a) cascad-
ing of errors, b) the first occurrence of
error, and c) possible fault isolation.

The evaluation routines were also devel-
oped to provide a check on the grade of
service or system level. A system level
of 1, for example, means that all parts
of the system are functioning. A level
of 5 can mean that the system is off the
air.

FKV  Pilot Digital System Evaluation.
This project supports needs 1in several
aspects of communications required for
national defense and is closely related
to the work described immediately above.

It consists of several related tasks with
the common objective to perform an opera-
tional evaluation for five pilot digital
microwave radio 1links which transmit
high~-speed digital information between
Heidelberg and Vaihingen, West Germany.
The FKV data acquisition and analysis
system is seen in the photograph in fig-
ure 2-14.

Specific objectives of this project for
FY76 are the complete installation of the
ITS~developed automated data-collection
system in Europe, and operation of the
acquisition system as well as collection
of the less quantifiable factors such as
human engineering, training, maintenance
concepts, and operations concepts. Fur-
ther, data analysis is to be an on-going
effort to provide fast turn-around of
solutions to significant problems, if
they do exist, and to allow for evolu-
tionary analysis programs on the many
parameters collected.

Activities in FY76 were as follows:

1. Installation of System on Site
in Germany -~ During July and August 1975,
the FKV Pilot Digital System monitoring
equipment was installed at the Heidel-
berg, Koenigstuhl, and Vaihingen communi-
cation sites. Considerable effort was de-
voted to locating and connecting the
sixty-odd test points to the computer in-
terface gear and checking all data col-
lection programs. The final installation
checkout was completed by September 1,
1975. Software development continued for
approximately two months after this date.
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Figure 2-12.

x

A terminal for an experimental digital se
calling system (SELCAL) for maritime use.
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Figure 2-13. Sketch of the FKV
Pilot Digital Communi-
cation System in West
Germany .

Figure 2-14.

Photograph of FKV data acquisition and analysis equipment.
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2. Data Acquisition and Analysis -
The data acquisition system is configured
such that it 1is able to monitor some
sixty test points per terminal end of the
communication system. These test points
include many alarm functions that are
built into the various sub-~systems as
well as the monitoring of framing
errors, received signal 1levels, etc.
The system as finally deployed consists
of four minicomputer-based acquisition
systems at four separate communication
sites. The acquisition systems are in-
terconnected by way of data modems oper-
ating over voice channels in the communi-
cation system being monitored.

The data acquisition approach
is to retain data by exception or change;
that 1is, only those data are retained
which contain information indicating a
change in a parameter status. To accom-
plish this, thresholds must be set on
many of the parameters and preliminary
analysis performed to arrive at a deci-
sion on whether to retain the information
or not.

The data collected by each ac-
quisition system are assimilated at a
central computer and stored on a single
archive tape to be used in later analy-
sis.

3. Addition of a Fourth Computer
at Stuttgart - During the early period of
data collection, it became evident that a
great deal of system activity was origi-
nating at the Stuttgart radio station.
Since the station was not included in the
original computer network, additional
funding was provided by the sponsor and
an additional computer and set of inter-
face equipment were purchased. The sys-
tem was assembled, tested at the Boulder
Laboratories, and taken to Stuttgart and
installed in March 1976.

4. Large-Scale Data Analysis —~ The
operation of the FKV monitoring system
results in the collection of a con-
siderable amount of data, and the mini-
computer system has insufficient capacity
to perform the large-scale data analyses
desired. Thus, the final data handling
is done by the large computer system at
the Boulder Laboratories. Programs have
been written to change the format of the
data from minicomputer to large computer
language, to order the data into a time
sequence, and to eliminate obviously in-
valid data. Programs that develop histo-
grams of intervals between various system
alarms have also been written. work is
currently going on to prepare programs
that will amalgamate many individual data
points 1into a single occurrence or event
and to determine the most probable cause
for the event.
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5. Measurement Period ~ The origi~
nal intent of the program was to perform
a year—-long measurement program initially
from July 1975 to July 1976. Because of
unforeseen problems and subsequent delays
in the communication system and monitor
system implementation programs, the time
period has been adjusted to extend from
November 1975 through December 1Y76.

6. Assistance Provided to Follow-
On Digital Programs ~ Meetings were held
between the Army Communications Command,
the Air Force Communication Service, and
ITS personnel late in FY76 to explore the

possibilities of direct input of experi-
ences and information to the Air Force
for use on the Digital European Backbone

(DEB), Phase I system which is to be im-
plemented using the same type of equip-
ment as 1is currently being used on FKV.

The meetings resulted in an agreement be-~
tween ACC, APFCS, and ITS which provides
one individual from each of the military
organizations to be on FKV sites for
three months to observe the operation and

maintenance procedures and to develop
suggestions for improvements in these
procedures. The information will be fea
back through the 1ITS representative 1in
Europe and will be a part of the overall

data base developed by the project.

7. Preliminary Results -~ Some gen-
eral conclusions can be reached as a re-
sult of reviewing the limited data ac-
quired over a portion of the measurement
period. The design of the system was un-
dertaken with a conservative approach and

as a result the overall performance of
the system is quite good. There was ade-
quate and sufficient redundancy built

into the system to assure a continuity in
service through many classes of faults.
System outages are infrequent and in many
cases short-lived. The character of many
of these failures is such that the system
is self-healing with short disruptions.
In addition, there have been hardware
failures although the frequency and de-
gree have not been excessive, an indica-
tion of solid hardware design.

Finally, no conclusive success
has been achieved to date in the quest to
identify a parameter or group of parame-
ters that are high-potential candidates
for use 1in total system assessment and
trends.

Radar Microwave Link Upgrade. The Radar

Microwave Link (RML) systems of the Fed-
eral Aviation Administration (FAA) are
used to transmit radar scope pictures and
related data on air space occupancy from
outlying long-range air-route surveill-
ance radars to associated air traffic
control centers. Many of the existing
links are nearly 20 years old, and while
modifications have been made on the



equipment in order to improve perform-
ance, the basic system does not wutilize
currently available technology in micro-
wave communications. Complete replace-
ment of the present system would be very
expensive; furthermore, many of the links
are still working satisfactorily.

The primary objective of the RML upgrade
is to improve the performance of the sys-
tem in terms of available fade margin and
overall reliability. The fade margin can
be improved by increasing the overall
system gain, by reducing the system
noise, and by improving the linearity of
the various modules to increase system
dynamic range and to reduce system dis-
tortion. The system reliability can be
improved by wusing solid-state devices
throughout.

An RML repeater terminal and an indicator
terminal were furnished by the FAA for
tests and modification work. The repeat-
er terminal consisted of six receivers
and six transmitters, and the indicator
terminal consisted of four receivers and
two transmitters. Figure 2-15 indicates
the frequency plan and the system config-
uration.

A survey was conducted of commercially
available retrofit units. As a result of
the survey, ten solid-state receiver
front-end units were purchased. These
units consist of a balanced mixer, Gunn
diode local oscillator, and AFC circuit-
ry, and they replace the single-ended
mixer, klystron local oscillator, and
associated waveguide. Ten solid-state IF
preamplifiers and IF amplifiers were pur-
chased to replace the present vacuum tube

Two transmitters were mod-
crystal-controlled phase-

IF amplifier.
ified with a
locked source.

series of
The tests

After these measurements, a
performance tests was made.
performed are as follows:

i baseband-to~-baseband 1level and
frequency response

2. measurement of transmitter
power

3% transmitter frequency stability

4, modulator linearity

St receiver noise figure measure-
ments

6. receiver transfer characteris-
tics

e demodulator linearity and delay

8. receiver susceptibility tests.

The transmitter modifications, by using a
l-watt source instead of a 100 mw source,
should have given a 10 dB increase in
system gain, but due to filter losses
only 7 dB of gain increase was realized.
The linearity and delay of the fully moa-
ified transmitter and receiver shows 10%
improvement in linearity and 15 ns im-
provement in delay. The transfer charac-
teristics of the receivers 1indicate an
increase in linearity and dynamic range.
The use of solid-state retrotit units
also reduces power consumption and in-
creases the reliability and frequency
stability of the system.

After receipt of the new branching net-
work, laboratory tests will be completeaq,
and a report on all measurements, test
results, and recommendations suppliea to
the sponsor (in FY77) to conclude work

IF strips. Figure 2-16 shows the compon- under this project.
ents of an unmodified receiver and those
in the modified equipment. Figure 2-17 Digital European Backbone (DEB) Link
shows the components of an unmodified Tests. Short-term measurements of the
transmitter and those of a modified received signal level at 8.6 GHz and the
transmitter. Four 1l-watt transmitter impulse response in a 300 MHz banawidth
retrofit units were purchased to replace were made over thirteen links in Europe
ten existing 100 mW klystron transmit- to determine the optimum antenna heights
ters. Two different types of transmit- and diversity spacings for use with the
ters were purchased for comparison in high~-speed digital communication system
order to determine the best type for to be installeda in the network known as
replacement. These units were tested on the Digital European Backbone (DEB),
an individual basis and then installed in Phase I. This system will operate in the
the system. 8.2 to 8.4 GHz band using horizontal
polarization and vertical space diver-
The present waveqguide branching network versity. The purpose of the path test
which couples the transmitters and re- program was to assist the U.S. Air Force
ceivers to a common waveguide can be a in the link engineering phase of the DEB

source of mismatch and degradation of the
system if not properly aligned.

In order to make comparisons, one re-
ceiver was left unmodified, one receiver
modified with only a solid-state IF pre-
amplifier and IF amplifier, and the other
receivers were modified with the balanced
mixer, Gunn Diode oscillator, AFC cir-
cuitry, solid-state IF preamplifier, and
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system by identifying path obstructions
and harmful reflections.

A widebana channel probe reference system
developed at ITS for evaluating multipath
propagation at microwave frequencies was
used for the measurements.

The DEB effort consisted of the following
four tasks:
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Figure 2-15. Radar Microwave Link (RML) system configuration and
frequency plan.
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a. Review pertinent maps and pro-
files and compile applicable meteor-
ological information to determine the
most critical links in terms of perform-

ance uncertainties.

b. Assemble and prepare equipment
needed for path loss tests.

cl Conduct the required tests in
Europe and provide interim results on the
basis of preliminary analyses of results.

d. Prepare a final report with
recommendation for antenna heights, di-
versity spacings, and other pertinent

parameters based on test results.

The preliminary path evaluations (Task a)
were based on path profiles and tower-
height information. A path-by-path com-
puter analysis provided information on
the location and effects of possible ob-
structions as well as possible effects of
ground reflections for a large range of
refractive gradients which affect the ray
paths between antennas. These analyses
did not take into account possible vege-
tation along the 1links, or reflections
caused by atmospheric multipath or by
terrain features which were not located
on the great circle path between termi-
nals.

Tests were conducted (Task c) on thirteen
links in northern Italy and West Germany
between 18 August and 5 December, 1975.
Received signal levels were recorded for
day and night periods to provide an indi-
cation of the short-term fading on each
link. These RSL data and the impulse re-
sponse data also provided information
concerning possible propagation mechan-
isms causing fading and potential degra-
dation of systems performance.

Path testing using this channel probe is
similar in many respects to those proce-
dures used for conventional cw systems.
The primary difference between the meth-
ods is in the format of the received data
and its application. The cw measure-
ment provides only received signal level
as a function of antenna positions, and
these values must be plotted to determine
height-gain curves. In contrast, the
channel probe measures the impulse res—
ponse as a function of time; reflected or
refracted components may be resolved rel-
ative to the direct path in terms of both
magnitude and time delay. The relative
phase between components can also be
evaluated using the quadrature components
of the impulse response.

The wuse of the channel probe test tech-
nique does not completely eliminate the
necessity for moving antenna positions on
the tower, but does provide more informa-
tion from a fixed antenna configuration
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than is possible from a
For example,
height~gain

Cw measurement.

it is possible to derive a
curve theoretically, given
the multipath delays and magnitudes and
using certain assumptions based on
smooth~earth theory.

Impulse response data obtained with the
probe provide valuable insight into the
propagation mechanisms which cause fad-
ing. For example, if fading occurs when
no multipath 1is apparent, the cause is
probably a defocusing effect. If the im-
pulse response envelope contains several
peaks and valleys varying randomly with
time, then atmospheric multipath exists.
A ground-reflected component appears as a
relatively stable impulse at some fixed
delay from the direct component. Sketch-
es of oscilloscope photographs and corre-
sponding propagation paths showing these
conditions are seen in figure 2-18.

Test results have identified three poten-

tially troublesome links in the Phase I
network. Mmost of the other links were
found to be quite typical for 1line-of-

sight paths, exhibiting only the normal
atmospheric variations in RSL. No signi-
ficant ground reflections were observed
for any of the paths, and thus antenna
heights are not considered critical in
most cases. Ground reflections that were
observed were on the order of 10 to 40 dB
below the direct response, and were thus
generally insignificant to performance.
Most of these ground reflections were
adequately discriminated against by an-
tenna patterns and/or terrain blockage.
Results for’ these measurements were found
to be quite close to predictions made by
computer analyses. The latter were per-
formed by ITS prior to the actual tests,
and were used as a guide in the test plan
and procedures.

Two links that did indicate minor ground
reflections were analyzed using the im-
pulse response data. The results of
these tests, along with a description of

the channel probe, have been reported to
the sponsor (Electronic Systems Division,
USAF) .

Los Alamos Scientific Laboratory (LASL)

Systems Program Study. This program was
initiated by LASL to define the Labora-
tory role in the management and technical
support of national priority programs.

The objectives of this project were the
development of a rationale for a labora-
tory systems analysis and engineering or-
ganization and; definition of the intra-
laboratory organizational relationships,
priorities, and character of federal
agency support, capability enhancements}
and the development of an organization
izrrlementation schedule.
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Stylized sketches of three types of paths and the corresponding
oscilloscope traces observed with the channel probe. Shown at
the top is an overwater path. In the middle is a typical path
of the Digital European Backbone (DEB) system. At the bottom is
an illustration of time variation due to changing atmospheric

conditions.
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The final letter report to the sponsor
presented a summary discussion of the
support areas in rationale for developing
a systems agency within LASL, the
additional resource requirements, and a
schedule for acquiring systems management
program support and the expansion of
laboratory capabilities.

U.S. Coast Guard Consulting. The USCG
maintains a large network of HF communi-~
cation systems. The optimization of this
net for minimum spectrum use and minimum
operating costs requires a study of
trade~offs in its operation.

The objective of the consulting project
is to provide USCG with system studies to
maintain their communication reliability
while minimizing the operating frequen-
cies.

Two major studies and
were performed in FY76.
Alaskan study) was to determine the nec-
essary communication stations and their
operating frequencies for good communica-
tions to the Arctic regions. The USCG
must maintain communications to their ice
breakers and other ships in the region of
Prudhoe Bay where intense o0il well drill-
ing operations are underway.

many minor ones
One study (the

The second study was to look for possible
world-wide emergency calling frequencies
in the HF band. Discussions between na-
tions have taken place at IMCO (Inter-
Governmental Maritime Consultative Orga-
nization) for additional frequencies to
be used to call for help during emergen-
cies at sea. This study has shown the
reliability predicted for several com-
binations of frequencies in the HF band
to areas 1in both the North Atlantic and
in the Pacific Ocean.

The Arctic study has shown that a station
at either Adak or Barrow would help give
the desired coverage of the region. The
study has presented trade-off charts so
that the USCG can decide what effects
their implementation or deactivation of a
station will have on communication cover-
age. Figure 2-19 shows a reliability
chart for this study.

The emergency frequency study has shown
that frequencies of 8 and 12 MHz are the
best possible frequencies for world-wide
guard frequencies for all conditions of
solar activity, seasons, and hours, when
compared to other pairs out of a group of
six frequencies. In addition, single
frequencies, triplets, and quadruplets of
frequencies were studied in order more
fully to understand the trade-offs in-

volved. Figure 2-20 shows some represen-
tative reliability charts for the North

Atlantic.

60

NDBP ~ Shore Station. The National Data

Buoy Office (NDBO) of NOAA has responsi-
bility for deploying instrumented buoys
in the oceans. Additionally it 1is re-
sponsible for the transfer of oceanogra-
phic and weather information collected by
instrumentation mounted on the buoys to
base stations where it is forwarded to a
center where the data are collected,
analyzed, and made available for scienti-
fic purposes. Radio is used for the data
links.

ITS has assisted the NDBO with the design
and installation of the communications
systems between the buoys and base sta-
tions and the collection center in Flor-~

ida. The activity this fiscal year has
consisted of the completion of a report
(OT TM 76~212) giving instructions for

the operation and maintenance of the NDBO
equipment which was installed by ITS at
the Coast Guard San Francisco Shore Com-~
munications Station. Consultative advice
has also been provided in connection with

antennas and frequencies to be used by
the NDBO for specific communications
needs.

SECTION 2.4. SIMULATION AND STANDARDS
Simulation and standards (including hand-~
books and glossary development) are com-
bined here to emphasize the nature of the
simulation activity, which provides a
realistic, repeatable method of evaluat-~
ing and comparing different sub-system
elements (e.g., modems) on an objective
basis.

Minimum Essential Emergency Communica-

tions Network (MEECN) Simulation. This

project presently has two objectives:

115 To obtain
formance measurements simultaneously
the U.S. Air Force 616A and U.S.
Verdin VLF~LF digital communication

comprehensive per-
on
Navy

sys-—

tems under realistic channel conditions
using the ITS Ionospheric Channel Simu-
lator.

28 To develop and evaluate an ex-

perimental interference suppressor that

can be used with such systems.

The 616A and Verdin are sophisticated
systems that incorporate several modula-
tion techniques with a number of compat-
ible modes of operation that are used 1in
the Department of Defense's Minimum Es-~
sential Emergency Communication Network
(MEECN) . The first set of channel-simu-~
lator measurements was made in one mode
of operation in FY75. Figure 2-21 shows
the channel simulator used in the pro-
ject. A classified report on the results
of these measurements was completed and
published in FY76 ([watterson, et al.
(1975); Comparative Evaluation 616A/Ver-



Figure 2-19. Charts comparing the expected service reliabilities (percent)
with existing stations (top) and with two additional stations
at Adak and Barrow (bottom) operating at 6 and 8 MHz., Conditions
portrayed are winter night and high solar activity.
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Figure 2-20. Charts showing the predicted circuit reliability in percent for
locations in the Morth Atlantic to six shore stations at

1400 GMT for July and a sunspot number of 110 using 4, 6, 8, 12,
16,

and 22 MHz. The upper chart includes all values; the lower
chart those values equal to or greater than 85%.
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Figure 2~21. Photograph of the ITS ionospheric channel simulator used to
make the MEECN measurements.
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din Modems, Phase 1II, Part 1 (U); DCA
Tech. Pub. 960~TP-75-40, 1-134 (Secret)].
Included 1is a description of a specially
designed and built test set used to de-

liver data to the transmitter and to de-
tect automatically character errors 1in
the outputs of the receiving systems. An

explanation and analysis is also present-
ed of the on-line minicomputer processing

used to determine the accuracy of each
measurement as it progressed. Since
accuracy improves with measurement time,

the processing allowed an optimum compro-
mise between measurement accuracy and
measurement time to be achieved, particu-
larly at lower error probabilities.

During FY76, a similar, second set of
channel-simulator measurements was made
simultaneously on the 616A and Verdin
systems in six modes of operation common
to the two systems. The performances of
the systems were determined with respect
to a variety of channel distortions:
Gaussian noise, atmospheric noise, cw in-
terference, multipath, Doppler, fading,
and repeat jamming. In around-~the-~clock
measurements over a six-month period, 53
experiments were performed, each of which
yielded a pair of performance curves (one
for each system) of character error prob-
ability as a function of the magnitude of
the channel distortion. A classified
report on the results of the second set
of channel-simulator measurements is be-
ing prepared [Watterson and Minister
(1976); Comparative Evaluation 616A/Ver-—
din Modems, Phase 1II, Part 2 (U); DCA
Tech. Pub. (Secret)]. The results of
both sets of channel-simulator measure-
ments provide valuable information on the
performance capabilities of the two
systems that can be used for performance
predictions in the MEECN network.

The development of an experimental inter-
ference suppressor suitable for the 616A
and Verdin systems was also undertaken
and largely completed in FY76. Two meth-
ods were - considered: a phasing method
and a variable~clocking method. while
the performance of the variable~-clocking
method will be poorer under some inter-
ference conditions, it was chosen because
a practical design has about half the
complexity of the phasing method. An
all~-digital design was prepared and an
experimental interference suppressor us-
ing this design was constructed. At the
end of FY76, bench tests on the unit were
in progress. When the bench tests are
completed, the suppressor will be tempor-

arily incorporated as part of the 616A
system, and channel~simulator measure-
ments will be made to determine the im-

provement in the 616A performance pro-
vided by the suppressor for wvarious in-
terference conditions. A report on the
design and performance capabilities of
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the interference suppressor will then be
prepared.

RADC Noise Simulator. The VLF/LF Atmo-

spheric Noise Simulator was supported by
the Rome Air Development Center. The
project's objective was to construct and

test
tors based on

two atmospheric radio-noise simula-
the simulators developed

for the Navy Electronic Laboratory Cen-
ter. They reproduce simulated atmospher-
ic radio noise at 60 kHz. The data for

the noise simulation was recorded during

thunderstorm activity at wvarious loca-
tions in the Western Hemisphere. The
simulators were described on page 72 of

the ITS Annual Technical Progress Report

(1974). They are to be used in the U.S.
Air Force 616A test program.

Time Domain Objeciive Measurements. A
common procedure for determining the in-
telligibility of voice channels is to use
a predetermined vocabulary with selected
speakers and a listener panel to grade
subjectively the intelligibility after
the spoken words have passed through some
voice channel. A variety of such testing
schemes has been devised. Most of these
schemes have the desirable property of
producing repeatable results which can be
interpreted in terms of wuser require-
ments. However, the requirement for lis-
tener panels greatly restricts the util-
ity of these testing methods, and a long-
sought goal has been to replace these
listener panels with hardware. The work
done on this project covered one step 1in
the direction of reaching that goal.

used a 50-word, phonetically
balanced word 1list played through six
different voice systems with a range of
articulation scores from 64.7% to 95% as
a data Dbase. A mathematical technique
called Linear Predictive Coding (LPC),
which was originally applied to the anal-

This study

ysis and synthesis of voice, was used
here to derive a distance measure for
each word between the original undistor-

ted words and the words after passing
through a voice channel. This measure
was compared with the subjective scoring
for each word. For those words with a
range of subjective scores (% incorrect),
the distance measure is an increasing
function of the subject scores.

to the FAA has been prepared and
review. It supports the suit-
ability of wusing measures derived from
the LPC methodology for an objective
measurement of intelligibility.

A report
is under

this project came from both
of Transportation)

Support for
the FAA (Department
and OT/ITS.

Simulation Methodology. This program was
initiated in early FY75 for the U.S. Army




Test and Evaluation Command (TECOM) as
one principal preparatory effort for the
forthcoming evaluation of advanced combat
support systems. The initial task con-
cerned the methodology for employing com-
puter simulation in development phase
test support: detailing the forms and
modes of employment for the required sce-

nario and functional models, test design
and execution monitoring applications,
and the procedures for integrating the

simulation processes with laboratory and
field measurements and development agency
performance data to maximize credibility.

The second major task involved the devel-
opment of an initial complement of models

(scenario and supporting functional
elements) configured to emphasize the
evaluation of advanced air defense sys-

tems, with the SAM~D (redesignated as the
PATRIOT system) as the primary applica-
tion.

For FY76, the objectives were the comple-
tion of the scenario and supporting func-
tional models, and the development of
application methodology documentation for
the SAM-D system. The functional models
emphasized the interactive EM components:
phased-array radar, command/guidance and

unit communications, tracker systems,
propagation effects, and the friendly
force interference (EMC) and EW environ-
ments.

The functional model development efforts

concerned primarily the multi-functional
Array Radar (MFAR) and the signal propa-
gation models (SAMOFF).

MFAR had
year.

Model specifications for the
been developed during the previous
The major functional elements of the
model were completed: signal detection
and discrimination, KALMAN filter opera-
tion, and control functions. These mod-
els accommodate S/N and S/I (S/J) varia-
tions of the character expected through
the range of time lines in the tactical
scenarios to be excercised. These sce-
narios include BLUE and RED force deploy-
ments with specified time snapshots for
codeployed BLUE units, and various levels
of RED target and EW system densities.
Critical radar time-line functions ac-
commodated include acquisition, IFF,
track 1initiate and track line dynamics,
command/guidance link acquisition, com-~
mand/guidance error envelopes, and en-
gagement assessment.

The SAMOFF modifications concerned an ex-
tension of the array aperture phase dis-
tribution module to provide a time aver-
age phase distribution in the elevation
plane over the array, and estimates of
the range of phase fluctuation spectra
within specified time windows. These
modules are important in the forthcoming
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radar system test planning activities,
particularly in identifying media-related
compromises in the signal discrimination
and ECCM functions of the radar and the
related operational penalties in target
detection and discrimination, track 1line
and firing envelope errors, command error
and delay profiles, and "kill" implica-
tions. The EMC and EW environment ef-
fects on radar performance are also com-
plicated because of the fluctuation spec-
tra caused by the refractive and reflec-
tive propagation modes.

functional models are organized to
evaluation support

These
accommodate test and
requirements, sensitivity analyses in
operational and functional relationships
to identify families of time-line criti-
cal zones, and provide detailed test spe-
cifications for 1laboratory and field
measurements to develop radar performance
descriptors with operational relation-
ships.

The Application Methodology documentation
details procedures for utilizing these
simulation techniques in Development
Phase testing, with the emphasis on test
planning support. The processes of iden-
tifying system functional priorities, im-
pacting environments, and doctrinal im-
plications are fundamental to the speci-
fication of testing procedures and system
performance data interpretation for a
credible evaluation program.

These models will be utilized for the
PATRIOT system test planning activities
within TECOM agencies. A basic scenario

has been selected which includes the re-
quired ranges of engagement dynamics.
Functional sensitivity analyses to derive
environments at the critical time-line
events, and the initial performance-~
doctrine descriptors as inputs for sub-
sequent measurement specifications to
TECOM laboratory and field test facili-
ties will be undertaken.

Handbook Additions.
Defense Communication Systems reguire
standardized design criteria for world-
wide strategic (fixed) terrestrial commu-
nication systems that are used for Na-
tional Defense objectives. OT/ITS was
tasked in FY71 through the Air Force Com-
munications Service to prepare handbooks
for design and performance estimation ap-
plicable to 1line-of-sight and transho-
rizon microwave links. Print-ready manu-
scripts were delivered to the sponsor
previously; the FY76 project was con-
cerned only with additions and revisions
to the handbooks resulting from tri-
service review of the material.

Line-of-Sight (LOS)

The objective of this project was to pro-
vide revisions to the drafts of MIL-HDBK-
416 (Line-of-sight microwave systems) and



MIL-HDBK-417 (Transhorizon microwave sys-

tems) 1including an addendum to MIL~HDBK-~
416 on knife~edge diffraction calcula-
tions.

The revisions and the addendum were com-

pleted and supplied to the in

October 1975.

sponsor

It 1is expected that the results of the
entire program will be a technically com-~
plete set of two handbooks for use by
military agencies in design of and per-
formance estimation for fixed terrestrial
microwave communication systems. Publi-
cation of this material is at the discre-
tion of military authorities.

The program is completed, and no further
OT/ITS activities are expected.

Communica-~
and be-

Telecommunications Glossary.
tions among military personnel,

tween military and civil organizations,
are improved 1if a mutually understood
language 1is employed. Military stand-

ards, specifications, contracts, operat-
ing manuals, etc. need a common terminol-
ogy for correct interpretation.

The immediate objective of this project
was to develop a common glossary for the
MIL~-STD~188 series, relating to Common
Long Haul and Tactical Communications
Systems Technical Standards. There had
been previous work in this field for the
military establishment; the ITS effort
was in completing the glossary (based on
the previous work), preparing definitions
for previously undefined terms, and re-
vising definitions for clarity, concise-
ness, and to reflect current usage.

During FY76, comments on an initial draft
were consolidated, an interim draft was
prepared, and two coordination meetings
were held at Boulder with representatives
of military agencies. A final draft was
prepared and a photo-composed print-ready
copy furnished to the sponsor in order to
complete the work. This final version
forms the basis for other work on the
Federal Glossary (described below), and
will be printed for distribution as a
Military Standard. The sponsor plans to
revise the glossary periodically so that
it will reflect the latest technological
developments in military communications
as well as current usage 1in engineering
literature.

Computer~-stored word processing has been
used in preparation of the glossary, so
that revisions, insertions, deletions,
etc. can be accomplished with a minimum

of retyping if and when further efforts
are required by the sponsor.

Federal Communications Glosgary. Simi-
larly a common reference list of commu-
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nications terms and definitions is needed
to serve as an aid in interpreting Fed-
eral communications standards; designing,
developing, operating, and maintaining
Federal communications systems; and en-
hancing communications among persons 1in
the Federal community. This Federal
glossary must be consistent with interna-
tional, national, departmental, indus-
trial, and technical society standards.

The immediate objective of this project
is to prepare a draft Federal Standard on
Telecommunications Terms and Definitions.
To reduce the cost of this effort and
avoid duplication of effort, it was de-~
cided by the FTSC (Federal Telecommunica-
tions Standards Committee) that the draft
Federal glossary would be based upon the
final version of a MIL-STD glossary which
was in the process of revision by ITS
(see above). The MIL-STD glossary, con-—
sisting of about 1300 defined terms, was
reviewed by ITS for consistency with per-
tinent national and international stand-
ards. A supplementary list of 200 terms
was selected by ITS from Federal stand-
dards and various other national and in-
ternational communications documents.
Definitions were prepared for these
terms, and the completed Federal supple-
ment furnished to NCS (National Communi-
cations System) for use with the final
draft version of the MIL-STD glossary in
reviews by Federal agencies.

After the review of these documents by
Federal agencies, revisions and additions
will be made as recommended by the vari-
ous agencies, and a consolidated Federal
glossary will be prepared.

The availability of the computer-stored
text of the military standard will make
possible an enlarged (Federal) glossary
at relatively low cost.

IRAC-TSC Standards working Group Suppork.
ITS provides the chairman and secretarial
support for the Standards working Group
(SWG) of the Technical Subcommittee of
the Interdepartment Radio Advisory Com—
mittee. The SWG consists of representa-
tives of the several IRAC member agencies
and is responsible for the development of
spectrum management standards required to

assure compliance with the regulatory
functions of government spectrum alloca-
tions.

During FY76, ITS convened a working Party
and led the development of a standard for
Fixed Microwave Services operating within
the U.S.A. between 170 MHz and 15.35 GHz.
The technical contribution consisted of
developing a "strawman" standard based on
military specifications, FCC rules and
orders, industrial standards, and the ITS
extensive experience in this field. The
resultant standard is currently undergo-



coordination under the guid-
Technical Subcommittee of
is currently developing rec-
measurement procedures

compliance with this

ing agency
ance of the
IRAC. ITS
ommendations for
needed to assure
standard.

Law Enforcement Standards Laboratory
(LESL) Standards. Following a Congres-
sional mandate to develop new and im-~
proved techniques, systems, and equipment

to strengthen law enforcement and crimi-
nal justice, the National Institute of
Law Enforcement and Criminal Justice

(NILECJ) has established the Law Enforce-~
ment Standards Laboratory (LESL) at the
National Bureau of Standards. LESL's
function is to conduct research that will
assist law enforcement and criminal jus-
tice agencies 1in the selection and pro-
curement of quality equipment. Outputs
from this work are usually in the form of
performance standards, user guidelines,
and state~-of-the-art reports.

This project 1is to develop performance
standards on selective-calling and tone-
coded squelch systems for police commu-
nications equipment. A variety of stand-
ards have been prepared by LESL in pre-
vious years for base .station, mobile, and
personal/portable communications equip-~
ment. Since a majority of existing law
enforcement communications systems use
some form of selective signaling or tone
controlled squelch to minimize annoying
interference and provide a variety of
alerting systems, a standard for selec-
tive signaling is needed to augment the
existing LESL standards.

this
standards

project are to
on the

The objectives of
develop performance
following systems:

1.
ing burst and sequential tones above
Hz.

Selective~-signaling systems us-
300

2. Tone~-controlled squelch systems
using tones below 300 Hz.

to augment
for trans-

These standards are needed
those previously developed
mitters and receivers.

Detailed
commercial

tests have been performed on

selective~signaling encoders
and decoders and on tone-controlled
squelch systems. These tests were per-
formed to establish expected performance
information and to develop appropriate
measurement techniques. Standards are
now being written. Their development is
the result of a number of considerations
such as:

1. results of the laboratory meas-

urements
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2. present and proposed industry
standards

3. equipment compatibility re-
quirements

4. needs for efficient 1law en-
forcement operations

5. the state of the art in equio-

ment development.

The project is a new one, and the stand-
ards which have been outlined are not
finished. Their completion and use is
expected to have a significant impact on
strengthening law enforcement and crimi-

nal justice.

SECTION 2.5. FIBER OPTIC
COMMUNICATIONS

The following projects result from the
very rapid emergence of a new technology:
fiber optics involving low~loss, dielec~
tric waveguides, which promises to per=-
meate terrestrial communication systems
in a manner similar to the growth of
transistor and solid-state devices which
occurred during the decade of the 1960's.

Fiber Optic Communications. OT's mission
statement specifies OT's role as
"assisting the Department of Commerce in
fostering, serving, and promoting the na-
tion's economic development and techno-
logical advancement by improving man's
comprehension of telecommunication sci-
ence and by assuring effective use and
growth of the nation's telecommunication
resources." OT is specifically charged
with acquiring, analyzing, synthesizing,
and disseminating information for the
efficient use of the nation's telecommu-
nication resources. OT is also charged
with assisting other government agencies
in the use of telecommunications.

OT's role in this new technology is a
role which fits properly into the Depart-
ment of Commerce work as defined by the
Department's charter.

In many ways, OT's role is the role of a
catalyst in the -emerging technology of
optical communications.

OT 1is additionally responsible for con-
ducting research needed in the evaluation
and development of telecommunication pol-
icy as required by OTP, pursuant to Exec-
utive Order 11556. OTP must keep abreast
of this new technology, so that 1legisla-~
tion and OTP policy are based on up-to-
date information in this rapidly evolving
field.

OT/ITS has established a Task Force on
Optical Communications to bring together
the technical workers in the field as
well as potential users from government
and industry, and to explore the applica-



of the emerging
communication.

tions and
technology

advantages
of optical

has been well re-
well attended by
industries such as

The Task Force work
ceived and the meetings
representatives from
GTE Sylvania, Texas Instruments, Spec-
tronics, Hughes, ITT, Bell Labs, Xerox,
and from universities such as the Univer-
sity of Colorado, the University of Cali-
fornia (Berkeley), MIT, and from govern-~
ment agencies such as OT, OTP, HEW, USPS,
NBS, DoD, and others. Currently the
mailing list of people who have requested
to receive materials such as summary
records of the meetings is about 125 with
only minor overlaps within any company or
agency.

In addition to the Task Force, OT activi-
ties in optical communications include a
short course on fiber optics which is
held in Boulder each summer cooperatively
with the University of Colorado; presen-—
tation of papers and seminars; specifi-
cation, installation, test, and demon-
stration of a fiber data 1link; and ac-

ceptance by one of our ITS staff members
of an invitation to become associate
editor of the new International Journal

of Fiber and Integrated Optics.

ITS staff members planned two sessions
for US-URSI Meetings on Integrated Fiber
Optics; also at URSI, one staff member
presented a talk relating to design con-
siderations for optical systems; current
planning is underway for a 1976 URSI
special session on optical communica-
tions; and several staff members parti-
cipated in the 1975 European Conference
on Optical Communications and also the
World Telecommunications Forum (Geneva).
ITS personnel also presented papers at
the 1975 Electronics/International Laser
Conference.

Another for FY76 was a pilot
study: "Fiber Optical Communications"
which was a contribution to the Indus-
trial Sector Advisory Committee on Commu-
nication Equipment and Non-Consumer Elec-—
tronics Equipment. This study was also
presented orally and in summary form to
emphasize areas of potential concern to
the U.S. position in the 1975-1980 GATT
negotiations.

output

Figure 2-22 shows a diagrammatical rep-
resentation of the Optical Communications

effort as perceived 1in our five-year
plan.
In the new telecommunications technolo-

gies for which the fiber optical wave-
guide is offered as a potentially attrac-

tive information transmission guide,
there have been innumerable requests to
OT to provide comparison data and infor-

mation between the new optical fiber sys-
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tems and the more conventional transmis-
sion technologies. Requests are for com-
parisons of overall technical perform-
ance, maintenance, and reliability to
meet specific telecommunication system
needs of potential wusers in DoD, non-
defense agencies, and industrial telecom-
munication users. In particular, cost
and economic factors must become avail-
able for comparisons of competing sys-
tems.

An OT Report, "Telecommunication alterna-
tives with emphasis on optical waveguide
systems," (OT Report 75-72) was prepared
and published in October 1975 to provide
perspective in the evaluation of fiber
optical transmission for telecommunica-
tions in the near future. This report
compares various modern communication
systems with particular emphasis on op-
tical waveguide systems. A matrix of
marketing parameters was developed to
compare fiber optic transmission technol-
ogies, microwave radio, waveguide, satel-
lite, and twisted pairs against such fac-
tors as state of the technology, main-
tainability, convenience, EMI immunity,

cost trade-~offs, and other economic fac-
tors.
The report also discusses the trends in

DoD and in the telephone industry of dig-
ital communications and the manner in
which increasing data rates may tax ex-
isting transmission systems. The intent
of the report is to give guidance for
government and industrial planners 1in
putting the new technology of fiber optic
communications in proper perspective in
the planning and designing of new tel-
ecommunication systems.

There is a growing interest in the use of
optical waveguides to interconnect sever-—
al stations wvia a party-line data bus.
Such a data bus will allow distribution
of data to several stations using a sin-
gle transmission node.

In a report, "Application of the Steiner
Street problem to a more economical data
bus," which is nearly ready for editorial
review, three fundamental approaches to
the topology of a data bus network are
discussed. The data bus calls for the
interconnection of N terminals, each of
which is connected to every other termi-
nal. Such a data bus will allow distri-
bution of data to several stations using
a single transmission line.

three fundamental

The report discusses

approaches to the topology of the net-
work: the tee network, the star network,
and the Steiner minimal tree network
(Steiner developed this network in the
19th century for streetcar lines in a
city). The tee and star approaches are
receiving most attention in the 1litera-
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ture, but the Steiner minimal tree net-
work is the only one which economizes on
the use of cable (glass fiber waveguide).
The report examines a method of locating
the Steiner nodes such that the total
amount of cable is minimized.

Handbook.
con-

Optical Fiber Communications
ITS serves as technical advisor and

sultant to the Army Communications Com-
mand in the emerging technological field
of fiber optic communications. 1In this
role, we have previously written two
technical reports, one on optical fiber
links for telecommunications, and the
other on design curves for optical wave-

guide digital communication systems which
were published by the sponsor. During
FY76, we completed the writing, review,
and publication of OTR 76-83, "A User's
Manual for Optical waveguide Communica-
tions." This report, which was written
under contract for the military, explains
technical aspects of optical communi-
cations with a view to assisting the
engineer wusing such communication sys-
tems. The explanations include general
aspects such as a glossary of related
terms and a discussion of relevant prin-
ciples of physics. Technical details are
set forth on optical sources and their
alternatives, optical detection, the
transmission medium, modulation, multi-
plexing, and systems design concepts and
trade~offs in design. The report was
written to assist the communications en-
gineer in making the transition from the
conventional (rf) to the optical regime.
Communication Systems Consultation. The
anticipated technical advantages opti-
cal waveguide communications systems are
receiving wide press. With increased em-
phasis on digital techniques, the band-
width offered by such systems is an im-
portant consideration in new and planned
telecommunication networks. As the op-
tical technology develops, there seems to
be a fortuitous reduction in the cost of
key components, so that one can expect
the happy coincidence of an improved
technology at an economically competitive
price.

The use of optical fiber waveguides in
long-haul systems will call to question
the cost of providing power to supply the
repeaters. This 1is an especially in-
triguing question 1in submarine systems
for which, traditionally, the same cable

is used to transmit both the signal and
power. This is possible when the cable
is made of conducting material. In the

case of glass fiber waveguides, there are
no conducting strands and power feed be-
comes more difficult. 1In this case, the
options are 1limited. First, one could
insert conducting strands for the express
purpose of providing power or, second,
one could place a self-contained power
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supply at each repeater. One power sup-—
ply being considered for this use is cur-

rently under development and is expected
to produce about 1/2 watt and to cost
about $15,000. A key question, then, in-

volves the economics of such a power sup-
ply as opposed to the use of special con-
ducting strands for the purpose of pro-
viding power.

The advantages, disadvantages, and eco-
nomics of the two schemes were discussed
and developed in a report for NAVELEX (in
editorial review) by R. L. Gallawa "On
the Economies of Power Feed for Submerged
Optical Repeaters."



CHAPTER 3. TRADE AND
INTERNATIONAL ORGANIZATIONS

In this chapter we look at aspects of the
work of ITS which are particularly di-
rected towards relations with other coun-
tries. Thus, in section 3.1, we discuss
work having to do with economic aspects,
namely, trade with foreign countries. 1In
section 3.2, we consider ITS involvement
in activities of the International Tele-
communication Union, the primary interna-
tional body through which nations adjudi-
cate their telecommunication problems.
In section 3.3, we consider ITS activity
in the International Union of Radio Sci-
ence.

SECTION 3.1. SPECIAL REPORT ON LOWERING
BARRIERS TO TELECOMMUNICATIONS GROWTH

The Department of Commerce has, as a
principal element of 1its mission, the
role of fostering, serving, and promoting
the Nation's economic and technological
development. OT shares this responsibil-
ity in the area of telecommunications.
In pursuing this element of its role, the
Office of Telecommunications issued in
early Fall of 1976, a special report en-
titled "Lowering Barriers to Telecommuni-

cations Growth" (OT Special Publication
76-9).
3.1.1. Background

The purpose behind the study was to de-
termine whether the growth of telecommu-
nications services could be appreciably
enhanced by trying to detect and lower
barriers to that growth -- whether the

barriers to growth be reflected in a lack
of robust demand or a lack of an innova-
tive supply.

The U.S. and the other industrial nations
of the world, are entering an economic
era which will increasingly involve in-
formation-related activities requiring
improved access to and speedy transfer of
information. This information transfer
relies heavily on telecommunications fa-
cilities. To the credit of U.S. indus-
try, existing telecommunications services
are in good order. Our telephone system,
which involves a complex mix of technolo-
gies, is already the most pervasive and
reliable in the world. Television reach-
es fully 97 percent of American homes.

Yet, the nation faces important telecom-
munication problems. New telecommunica-
tions technology will be required to meet
the growing demands of the "information
era." This new technology will involve
optical communications, advanced solid-
state technology, and satellite communi-
cations. Other problems that will have
to be faced include crowding of the elec-
tromagnetic spectrum in 1land mobile,
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microwave, and communication
satellite bands; increased competition
from foreign industry; 1long delays in
getting approvals from regulatory author-
ities; 1lags in technology transfer; and
difficulty in achieving cooperation be-~
tween government and industry where the
demonstration of combined public and pri-
vate sector services are involved.

terrestrial

role is to respond to the de-
by assembling

Industry's
mands of the market place
the factors of production and bringing
the products to the market. Private in-
dustry has made major contributions to
civilian research and development, pro-
duct development, market identification,
and pursuit of overseas trade. where a
clear market exists, there is no problem
~—- industry, on its own, vigorously re-
sponds to the market "pull."

There are situations, however, where in-
dustry does not react so effectively, and
which may require government action.
These involve concern for the public or

national 1interest even in the absence of
market forces (or even in opposition to
market forces; examples are alternative

energy sources, environmental protection,
and highway safety regulations). Govern-
ment, in pursuing the national and public
interest in telecommunications, assumes a
number of roles, among which are policy-
maker, regulator, spectrum manager, user
and purchaser, coordinator of public sec—
tor requirements, and supporter of key
technological developments.
3.1.2. Choice of Technologies

The OT report "Lowering Barriers to Tele-
communications Growth" was prepared as an
attempt to place some items on a "nation-
al draft agenda" that could be used as a
vehicle for discussion, and ultimately as
a basis for action. Four 1items were
chosen from a 1long 1list of attractive
candidates ranging from electronic funds
transfer to the automated office. The
critera for the selection process in-
cluded: potential for public benefit,
remediable technological parriers, time-
liness, appropriateness of Federal gov-
ernment involvement, and impact on growth
and development over a "business—as-usu-
al" approach.

and the
are as

The four
reasons
follows:

technologies chosen,
for their 1inclusion,

1% Satellite communications , es-
pecially for services 1involving small
earth terminals, was includea because of
their potential public benefit, the pres-
ence of significant technical barriers,
timeliness, and potential regulatory or
policy barriers to their early utiliza-
tion. This subject was included also




of the danger that early ad hoc
decisions might foreclose future op-~
portunities for beneficial wuse of the

spectrum/orbit resource.

because

2. Land mobile radio, a well es-
tablished and steadily growing service,
was included because of its importance to
business, public safety, and government
operations, and because of the likelihood
that there will not be sufficient spec-~
trum available to sustain the growth of
conventional, privately owned systems.

3. Broadband communications was
chosen as an example of a service "whose
time 1is yet to come." Despite many per-
suasive arguments concerning the benefits
of such services, they are not becoming
available, because the necessary networks
have not been developed.

4, Fiber optic communications was
included because it represents a new com-
munications mode for the future, because
of its potential for providing inexpen-
sive, high capacity communications, and
because of its potential for development

into a significant new manufacturing in-
dustry.
Every effort was made to assure careful

selection of those technologies that war-

rant Federal attention, and to solicit
various viewpoints, regardless of prob-
able support or lack of it. These tech-

nologies are viewed as having high poten-
tial for public and private benefit and
are accordingly highlighted and proposed
for further discussion. In each case,
continued Federal attention is suggested,
aimed at maximum benefit for both public
and private users and for industry.

These four technologies were examined in
detail from the point of view of status
of the field, 1issues affecting growth,
actions that address the issues, and im-
pact of the proposed actions. This anal-
ysis is presented in four chapters of the
special report, and is too voluminous to
separately digest for the purposes of
this annual report.

3.1.3. Conclusions and Recommendations
The final chapter of the report contains
conclusions and recommendations. It re-~
organizes the issues identified in the
analysis of the four technologies chosen
for evaluation into four categories which
serve as unifying themes illustrating
common barriers telecommunications
growth. These are:

to

Identification
munication Services -~ This
concerned with 1identification
for new services, options for

of Needs for New Telecom-~
category is

of needs
providing
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and evaluation of the costs
In identifying needs,
attention should be given to the poten-
tial for increasing national productiv-
ity, which has previously responded to
telecommunications innovations.

the services,
of these options.

Systems Development, Performance Criteria
and Measures of Performance -~ This cate-
gory focuses on systems planning and re-
search, performance criteria and measure-
ment, and standards of practice, as well
as equipment operating standards. Normal
development of new telecommunications
services or equipment progresses from the
early phase of market identification and
determination of telecommunications needs
through the process of determining system
performance and requirements which will
meet the needs of the new service, and
identification of the necessary hardware
performance specifications. This process
allows the costs of the service to be es-
timated and thus contributes to the deci-
sion as to whether it can be provided or
will be wanted. The final step involves
measuring the degree to which the per-~
formance <criteria or specifications are
being met. It is important to establish
standards in such a way that they foster,
rather than prevent, innovation.

Regulation -~ The spectrum dependence,
interstate and international operations,
together with the monopoly or utility

character of many telecommunication ser-
vices make regulation a strong influence
in their development. The regulatory
process has proven 1in many cases to be
time~consuming, and the delivery of new
or improved services to the public has
lagged as a consequence. While there is
great pressure to speed up the process,
there is also the need to preserve the
right of all interested parties to be
heard.

Frequency Allocations =~-~
the Interna-

International
Over the next three years,
tional Telecommunications Union (ITU)
will sponsor two more World Administra-
tive Radio Conferences (WARC's) which are
relevant to the issues addressed 1in the
report. The first will take place in
1977 and will focus on satellite broada-
casting services in the 11/12 GHz band.
The second, scheduled for 1979, will re-~
vise the Radio Regulations, including the
Table of Frequency Allocations. These
WARC's will establish the pattern of
worldwide spectrum utilization for many
years to come. roreover, their decisions
may affect our own rules and regulations.
It 1is thus imperative that the Unitea
States present its needs eloquently and
persuasively.

In each category the main issues relevant
to the technologies are summarized, fol-



lowed by recommendations for action.
These recommendations are included as a
step in the formulation of a "draft
agenda" to stimulate discussion among all
relevant institutions 1in Government and
industry, and to help 1in establishing
priorities.

SECTION 3.2. THE INTERNATIONAL
TELECOMMUNICATION UNION (ITU)

The ITU 1is a Geneva-based international
organization which is controlled by 1its
member nation states. The Radio Regula-
tions and the Telephone and Telegraph
Regulations (and the Convention to which
they are appended) have treaty status
among the member nations who sign them.
The Convention may be changed only at
plenipotentiary conferences of the ITU
(the 1last such was based at Malaga-
Torremolines, Spain, in 1973). The Radio
Regulations are reviewed and updated at
World Administrative Radio Conferences,
either in part (e.g., World Administra-
tive Radio Conference for Space Telecom-
munications, Geneva, 1971) or in toto
(e.g., World Administrative Radio Confer-

ence, Geneva, 1959; World General
Administrative Radio Conference, Geneva,
1979). As these latter conferences occur

only every 20 years, the U.S. has devoted
considerable effort to preparatory work
for the next WGARC through the FCC (for
the private sector) and through the IRAC
(for the Federal government's alloca-
tions).

Ad Hoc 144 of IRAC is its group charged
with preparation for the WGARC in 1979.
ITS has four staff members who are active
in Ad Hoc 144-II1 (technical considera-~
tions).

Due to the general interest in the forth-
coming WGARC, ITS commissioned Prof.
George A. Codding of the Political Sci-
ence Department of the University of
Colorado to deliver the banquet address
on political considerations in the ITU at
the Telecommunications for Government
Symposium held in Boulder, November 11-
13, 1975. As a consequence of the large
number of requests for Professor Cod-
ding's remarks, they have been reproduced
as OT Special Publication 75-6 (The U.S.
and the ITU in a Changing world).

There are two semi~autonomous organiza-
tions in the ITU which are charged with
the study of standards relating to tech-~
nical and operating questions. These are
the CCIR (International Radio Consul ta-
tive Committee), the principal arena for
ITS contributions, and the CCITT (Inter-
national Telephone and Telegraph Consul-
tative Committee). These two organiza-
tions are treated separately below.
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3[12).dv. GEIR
ITS and 1its predecessor organizations
(the NBS Radio Section, CRPL, and ITSA)

have been active in CCIR since its incep-
tion in 1927. Jack Herbstreit, Director
of CCIR from 1966 to 1974, was formerly
Deputy Director of CRPL and ITSA.
Richard Kirby, present Director of CCIR,
was formerly Director of ITS.

CCIR. is
Groups,
Final

nary Assemblies of

organized in terms of Study
each of which hold an Interim and
Meeting in the period between Ple-
the CCIR (currently
every four years; the XIIIth Plenary As-
sembly was held in Geneva in July 1974,
and the XIVth Plenary Assembly is sched-
uled to be held May 22 - June Y, 1978).

Table 1. CCIR Study Groups

S.G. 1: Spectrum Utilization and

Monitoring

SHGr. 2 Space Research and Radio
Astronomy Services

S.G. 3: Fixed Service at Frequencies
Below About 30 MHz

S.G. 4: Fixed Service Using Satellites

S.G. 5: Propagation in Non-ionized
Media

S.G. 6: Ionospheric Propagation

S.G. 7: Standard Frequency and
Time-Signal Services

S.G. 8: Mobile Services

S.G. 9: Fixed Service Using Radio-
Relay Systems

S.G. 10: Broadcasting Service (Sound)

S.G. 11: Broadcasting Service
(Television)

CMTT: Transmission of Sound Broad-
casting and Television Signals
Over Long Distances (Joint
with CCITT)

CMV: Vocabulary (joint with CCITT)

Thijs deHaas of ITS is currently serving

as vice chairman of Study Group 3.

The U.S. parallels the CCIR Study Group
structure in its own preparatory activi-
ties for the CCIR international meetings.
These U.S. Study Groups report to the
chairman of the U.S. National Committee
of the CCIR, Mr. Gordon L. Huffcutt of
the International Communications Policy
Office of the State Department. At the
present time, ITS furnishes the chairmen
for USSG~-1 (Dr. W. F. Utlaut), USSG-3
(Thijs deHaas), USSG-5 (Dr. H. T. Dough-
erty), and USSG-6 (Dr. E. K. Smith).
Some 35 members of ITS were involved in
U.S. Study Group activities during FY76,
and nine participated as members of U.S.
delegations to CCIR international meet-
ings.

Drs.
write a mini-review on the CCIR
IEEE Antennas and Propagation

Dougherty and Smith were invited to
for the
Society



(scheduled for publication in the Novem-
ber 1976 issue), and E. K. Smith wrote a
paper on the CCIR and URSI which was pub-~
lished 1in the June 1976 issue of Radio
Science.

Not all ITS activity in CCIR was confined
to the U.S. Study Groups chaired by ITS
members. Five documents were contributed
by ITS to U.S. Study Group 10 (three 1in
the area of ionospheric modification).

As part of the work performed for the
Maritime Administration (MarAd) of the
U.S. Department of Commerce, ITS prepared
U.S. contributions to CCIR Study Group 8
(see the description under SELCAL in sec-
tion 2.3.).

of ITS was a member of the
Working Party (IWP 8/3)
with the subject of digital
selective calling. At the Study Group 8
Interim Meeting held in March 1976 in
Geneva, Switzerland, Mr. deHaas was ap-
pointed chairman of the subcommittee
charged with preparing a Draft Recommen-
dation containing the operational and
technical characteristics of a digital
selective calling system, based on the
work of the IWP and subsequent contribu-
tions of several countries.

Mr. deHaas
CCIR Interim
which dealt

3.2.2. [CCTITT

ITS does not have a long history of in-
volvement in the International Telephone
and Telegraph Consultative Committee
(CCITT). At present, our participation
consists of the contributions of one man,
Thijs deHaas, who has chaired U.S. CCITT
Study Group 5. In contrast to the CCIR,
the U.S. CCITT Study Groups are not
parallel to the international structure.
USSG-5 is responsible for two interna-
tional Study Groups: S.G. VII, which
deals with New Data Networks, and S.G.
Special A on Data Transmission. As
chairman of the U.S. preparatory group,
Mr. deHaas is also head of the U.S. del-
egations to the international CCITT Study
Group VII and Special A meetings.

SECTION 3.3. THE INTERNATIONAL UNION OF
RADIO SCIENCE (URSI)

The URSI was created in 1919 and was one
of the original four (of the now seven-
teen) scientific wunions which adhere to
the International Council of Scientific
Unions (ICSU). As was true in the case
of CCIR, ITS, through its predecessor or-
ganizations, has been involved with URSI
since its founding. The U.S. partici-
pates in the Unions of ICSU through the
National Academy of Science/National
Academy of Engineering rather than
through the State Department. The struc-
ture of the U.S. URSI (which parallels
the international structure) is organized
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under the U.S. National Committee for
URSI (USNC/URSI), which in turn is under
the aegis of the National Academies. Dr.
J. R. wait (ITS Consultant) is the cur-
rent Secretary of USNC/URSI.

Nine members of the ITS staff were major
contributors to the XVIIIth General As-
sembly of the International Scientific
Radio Union (URSI) held 1in Lima, Peru,
August 10-19, 1975. Douglass D. Crombie,
Director ot ITS, led the OT Boulder con-
tingent which participated in the delib-~
erations and which presented 10 technical
papers.
Papers were presented by Dr. James R.
wait, Consultant to ITS, on "Electromag-
netic Fields from Dielectric Coated and
Braided Coaxial Cables with Interruptea
Shields," "Mixed tlodal and Ray Represen-—
tations for VLF Propagation in the Earth-
Ionosphere waveguiade," "Radio-wave Propa-
gation - Ground Structure and Topogra-
phy," "The Use of the Surface Impedance
Concept in the Teaching of Electromagne-
tic Science," and "Some Basic Electromag-
netic Aspects of ULF Field Variations in
the Atmosphere."

Dr. Arthur D. Spaulding, Spectrum Utili-
zation Division, presented "Optimum Re-

ception 1in an Impulsive Interference En-
vironment" and "Interference Measure-
ment."

Dr. William F. Utlaut, Deputy Director of
ITS, presented "Ionospheric Problems in
Radio Telecommunications;" Margo Leftin,
Applied Electromagnetic Science Division,
"Global Ionospheric Models for Predicting
the Performance of High Frequency Commu-
nication Systems;" and George w. Haydon,
Applied Electromagnetic Science Division,
"Predicting the Compatibility of High-
Frequency Sky~wave Systems."

Crombie, Dr. Ernest K. Smith, Dr. Moody
C. Thompson, and Jack w. Herbstreit at-
tended as members of the U.S. delegation,

but did not present papers. Utlaut and
Herbstreit served on the U.S. National
Committee of URSI and Smith assisted the

chairman of URSI working Group 3.Y with
preparations for the meeting.

The URSI/USNC has adopted a parallel
structure and designated chairmen for the
various US-URSI Commissions. Dr. w. F.
Utlaut, Deputy Director, ITS, has been
named chairman of U.S. Commission C
(Signals and Systems).



CHAPTER 4. EM WAVE TRANSMISSION

The ground, the atmosphere, and the iono-
sphere degrade radio waves in varying de-
grees depending on circumstances. It is
the purpose of the EM Wave Transmission

Program to study these effects and pro-
vide models to the system designer that
will aid him in providing more cost

effective and spectrum efficient designs.
The phenomena which cause these detri-
mental effects on radio and optical sys-
tems are, in general, frequency depend-
ent; therefore, specific studies and
tests are required for specific frequency
ranges and applications.

Some
signals and are studied in
are:

of the phenomena which effect radio
this program

atmospheric
snow, hail,

1. Attenuation by
gases, hydrometeors (rain,
clouds, etc.), or ionization.

238 Scattering by hydrometeors or
irreqularities in the refractive index of
the lower atmosphere or ionosphere.

3fe Refraction, ducting, and multi-
path, resulting from atmospheric or iono-
spheric layers.

4. Dispersion, resulting from fre~
quency dependent properties of the atmo-
sphere, ionosphere, and earth.

5. Scintillation of amplitude,
phase, polarization, and angle of arriv-
al, resulting from turbulence and irregu-
lar structure in the atmosphere and iono-
sphere.

6.

Reflection, scattering, multi-

path, and lower atmosphere perturbations
resulting from terrain and man-made
structures.

The effect wupon any specific system of

the above phenomena is not only highly
frequency dependent, but is also depend-
ent upon the type of service required for
the specific application.

One driving force behind the EM wave
transmission program is the need for more
spectrum space. Therefore, this program
provides models, techniques, and informa-
tion to aid the system designer and fre-
quency manager in his decisions for bet-
ter spectrum use.

Experimental or theoretical determina-
tions of radio wave transmission charac-~
teristics, or the channel transfer func-
tion, are reported in section 4.1. Meas-
urements of transmission media properties
and analyses of collections of such data
are included in section 4.2. Section 4.3
describes the development and testing of
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models which incorporate the transmission
information in engineering tools. Pre-~
dictions of transmission characteristics
and system performance are discussed 1in
section 4.4. Section 4.5 reports on ap-
plications of the knowledge and tools to
specific problems of other government
agencies, such as mine communications and
radio navigation.

SECTION 4.1. WAVE TRANSMISSION
CHARACTERISTICS

Experimental determinations of the effect
of the transmission media on electromag-
netic wave transmissions are reported in
this section, in particular, those ef-~
fects produced by the atmosphere.

Broadband Transmission in the 10 to
GHz Band. The objective of
in~-house project is to develop a complete
and quantitative description of the
transmission properties of the atmosphere
at frequencies between 10 and 100 GHz.
This description will be used to improve
design models and provide engineering
standards for the effects of the trans-
mission properties on performance of
wide~band, high-data~rate systems. Prog-
ress made on the experimental phase 1is
reported below.

In the second year of this program two

lower frequencies at 9.6 and 2&.8 GHz
were added to the 57.6 GHz test link.
The block diagram of the present system
is shown in figure 4~1. All three sig-
nals are coherent, so that it will be
possible to make differential time/phase
delay measurements. The antennas for
both X and K bands are equipped to make
comparative measurements with crossed
linear polarizations or with opposite
circular polarizations. Since both

senses of polarization can be used simul-~
taneously, direct measurements of depo-
larization can be made.

Simultaneous amplitude data were obtained
over a period of about 4 months and 1in-
cluded rain and both wet and dry snow
conditions over the propagation path.
The results are summarized below and in-
dicate that the 57.6 GHz signal
experienced slightly fewer detectable
signal fades than the lower two
frequencies during this test period.

SUMMARY

Total Days of Data Collection.

Rain Rate 212
9.6 GHz 151
28.8 GHz 112
57.6 GHz 247
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Detectable Signal Changes (>0.2 dB) Dur-
ing 111 Days of Simultaneous Operation.

Probable Cause Number of Events

9.6GHz

28.8GHz 57.6GHz
Rain 5 5 6
Snow 14 15 7
Unknown 0 0 4
An example of a fade at 57.6 GHz caused

by rain is shown in figure 4-2.

The screening effect obtainable on short
links by operating in the absorption band
near 60 GHz is illustrated in figure 4-3.
The two curves show the decrease in sig-
nal with distance from transmitters at 50
(outside the oxygen absorption band) and
at 60 GHz (near the peak of the band).
The transmitter powers have been chosen
to give the same signal strengths over a
1 km link. The protection against inter-
ference with other co-channel systems and
against down-range interception is shown
by the difference in ordinate values at
ranges greater than 1 km; for example,
the 60 GHz signal is down 60 dB below the

50 GHz at a distance of 4 km past the
intended receiver.

With the cooperation of the U.5. Air
Force and the Avionics Lab, Wright-~
Patterson AFB, it was possible to put in
operation a 1 Gb/s digital data 1link on

the test path. The modem developed for
USAF by Radiation Inc. was used to drive
an upconverter to K-band (30.3 GHz car-
rier frequency). The 2-500 Mb/s binary
data streams after transmission over the
path are shown in figure 4-4. Bit~error
rates will be recorded along with other
signal amplitudes and precipitation data
over a range of atmospheric conditions on
the path.

Signal

Fading on Line~of-Sight Microwave
Paths.

Under certain atmospheric condi-
tions, severe fading (e.g., 40 dB) is ob-
served on microwave signals transmitted
over line-~of~sight paths in which no sig-
nificant surface reflection 1is present.
This phenomenon has been observed at fre-
quencies up to 33 GHz. To obtain a rea-
sonable data base concerning this prob-
lem, a test link at 9.6 GHz was operated
from January 1973 through January 1974.
The 120 km path extended from about 10 m
above mean sea level at the Keahole Air-
port, Island of Hawaii, to Mt. Haleakala,
Maui, at 3000 m elevation. The transmit-
ter was crystal stabilized and delivered
500 mW to a 3 m parabolic antenna. A 2 m
receiving antenna was used and the re-

ceiver was phase~locked to the incoming
signal. With a bandwidth of 2 kHz, the
dynamic signal range was about 60 dB.
Received signal strength was recorded

both graphically and on magnetic tape.
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The data were analyzed for both signal
level and fading statistics. Figure 4-5
illustrates the range of signal behavior
and figure 4-6 shows cumulative distribu-
tions of fade durations for eight differ-
ent fade levels. The observed dependence
of fade duration on time of day is given
in figure 4-7. Average fading rate ver-
sus signal level is shown in figure 4-8.
A report on the results is in editorial
review and should be available by October
1976.

Optical Availability Measurements. A

extensive deployment
of visible and near-infrared radiative
optical communication systems is uncer-
tainty about the availability of the
channel in particular geographic regions.
This 1is fundamental design information
which must be obtained by actual field
measurements.

major deterrent to

In order to obtain optical channel avail-
ability measurements, it is necessary to
develop suitable techniques, measurement
equipment, and recording devices for de-

ployment under various climatic condi-
tions.
The primary activity during FY76 was the

design of transmissometer optics, selec-
tion of appropriate optical sources and
detectors, and the design of analog sig-
nal processing circuitry. The data ac-
quisition system (shown in figure 4-9) to
be used in these measurements is a micro-
processor—-controlled instrument which
performs all supervisory functions for
the self-cdlibration of the optical

system, the acquisition of transmission
data, and control of the magnetic tape
cartridge system. This device was de-

veloped under a previous contract.
The optical portion of the system, shown
in figure 4-10, includes a mirror-beam-
splitter arrangement to allow the optical
axes of the transmitter and receiver sys-
tems to coincide. In this manner, an op-
tical signal is transmitted, reflected by
a corner reflector, and returneda along

the same path as the transmitted signal
to the receiver. By using two corner
reflectors at different ranges, and by

using a gated receiver, the system is
made self-calibrating in order to compen-
sate for uncertainties in the energy con-
tained in the transmitted pulses.

The transmitting and receiving optics are

both 135 mm telephoto lenses. A gallium
arsenide injection 1laser and silicon
avalanche photodiode were respectively

chosen for use as the optical emitter and
detector.

The analog processing circuitry developed
by the program consists of a pair of
fast-response boxcar integrators and



S57.6 GHz Signal Amplitude

-0.75dB

*l }‘Duration
12 min

Peak Rate
,/.ﬁ_ 35 mm/hr

Rain Rate J\

Total Rain Accumulation
for Shower 0.8 mm

Figure 4-2. Example of rain attenuation observed on a 90 m path at 57.6 MIlz.
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Figure 4-3. Illustration of the screening effect produced by the oxygen
absorption line which peaks near 60 GHz. The received signals
have been normalized to be identical at 1 km. By 5 km the 60 GHz
signal is 60 dB below the 50 GHz one.

79



08

Figure 4-4.

Two demodulated 500 Mb/s binary data streams of a 1 Gb/s data link after transmission
over a 200 m test path at 30.3 GHz. Modulation is QPSK at a 1 Gb/s rate using a 2 GHz
bandwidth. Horizontal deflection is 4 nanoseconds per division.



IOEE}: |1 mm—ﬁ :

Figure 4-5. Examples of 9.6 GHz signal variations during periods of relatively
shallow and relatively deep fading over a 120 km path extending
from 10 m mean sea level on the Island of Hawaii to Mt. Haleakala,
Maui, at 3000 m elevation.
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Figure 4-6. Cumulative distribution of fade durations for the same path for
the period January 1973 - January 1274 for four hours per day,
all months combined.
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Figure 4-9. Microprocessor - controlled instrument which performs supervisory
function for the self calibration of the optical system in the
data acquisition system used for optical availability measurements.

i

U —

Figure 4-10. Optical portion of the data acquisition system of figure 4-9 with
beam splitter in the foreground.
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range~-gating circuitry to steer the re-
turn from each corner reflector into its
respective integrator. High-speed emit-
ter-coupled logic was used for the range-
gating function since the 1locations of
the peaks of the narrow optical pulses
need to be determined very accurately.

The completed optical systems, analog
processors, and data acquisition systems
will be installed at sites in Oak Ridge,
Tennessee, and Seattle, Washington, in
addition to the one in Boulder. Long-
term availability statistics for infrared
optical channels will be generated from
data produced by these systems.

Data Link Tests for VHF Air Traffic Com-
munications. The demands for VHF
traffic communications has markedly in-
creased during the past decade. Further-
more, the demand is likely to accelerate
in the next few years, particularly as
new and additional services are offered.
An example of this would be the implemen-—
tation of a ground-based collision avoid-
ance system, which is a new service that
would require additional communication
resources. Because of these develop-
ments, the Federal Aviation Administra-
tion has undertaken a program to study
the feasibility of implementing a digital
data link that would 1link aircraft and
ground facilities with a digital commu-
nication system.

In conjunétion with this study, ITS has
undertaken a project to investigate the
problems associated with digital trans-
mission in the VHF aeronautical mobile
frequency band. A series of flights were
made at the FAA's National Aviation
Facilities Experimental Center in Atlan-
tic City, New Jersey, in which digital

transmission rates of 2400 and 4800 b/s
were studied. The tests largely used
existing air/ground communication equip-

ment. Minimum-shift~-keying (MSK)
used as the digital modulation format.

was

The flights showed that 2400 and 4800 b/s

transmission rates can be supported with
existing communication equipment at an
average bit-error rate near 5 X 1075 .

Both data rates were performed equally
well in terms of bit-error rate. Meas-
urements were also made on signal fading,

the received signal level, and the dis-
tance to the radio horizon. An example
of the radio horizon measurements is
shown in figure 4-11. Arrowheads are
used 1in the figure to denote those
locations where the signal was totally

lost on outbound flights. Conversely the
circles denote locations where signal was
first recognized on 1inbound flights.
Figure 4-12 1is an example of the signal
level measurements that were made during
the project, and is for those cases where
the test aircraft was between 0 and 6000
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feet in altitude. These results and
others are summarized in a final report
to the sponsor (FAA-RD-76-45).

The tests demonstrated that the VHF com-
munication medium can be more efficiently
utilized with digital communications.
Data collected during the tests will help
provide the FAA with a basis for deciding
which frequencies are best suited for the
data 1link. The tests also showed other
problem areas that need to be explored in
future work. Most noticeable among these
is the intra-system interference that was
experienced between voice communications
and data transmissions during certain
conditions.

Radio Systems Performance Studies, 10-30
GHz. The systems aspects of this program
have been discussed in section 2.3, and

it remains to discuss the propagation as-
pects. As mentioned earlier, the incen-
tive for the study lies in the need to
accommodate wide-band, high bit-rate sys-
tems which are becoming increasingly dif-
ficult to place below 10 GHz in the fre-
quency spectrum. The propagation prob-
lems in the 10 to 30 GHz region include
fading due to atmospheric stratification
and turbulence, and precipitation effects
(attenuation and depolarization). Long
line~of~-sight 1links in Colorado provide
direct experimental data which is supple-
mented by other available data.

A report on atmospheric refractivity and
precipitation statistics is nearly com—-
plete. It will supplement previously
published réports on refractivity gradi-
ents and atmospheric considerations in
radio system engineering. The new report

includes cumulative distributions of re-
fractivity gradients for 64 additional
stations, 1including 35 1in the southern

hemisphere, with climatological summaries
for each station, and rainfall rate dis-
tributions for 2Y stations 1in wvarious
parts of the world.

Figure 4-13 illustrates the diurnal var-
iations in the distribution of summer re-
fractivity gradients for a station in the
U.S. Midwest (Dayton, Ohio). These gra-
dients are for the ground-based 100 m
layer, and have a pronounced effect on
the reliability of terrestrial microwave
radio communications since the incidence
of wvarious fading phenomena and multi-
path is largely dependent on the gradient
structure. Figure 4-~14 compares cumula-
tive distributions of rainfall rate for

two U.S. stations (Seattle and Urbana)
that have nearly the same total annual
rainfall amounts. However, the much

larger incidence of thunderstorm~-related
heavy rain showers for the Urbana area is
reflected in the substantially 1larger
percentages of time during which heavy
rainfall occurs. As an example, a rate
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of 65 mm/hr is exceeded during 0.01% of
the time (52 minutes out of one year) for

Urbana; this rate is sufficient to cause
severe attenuation at frequencies above
10 GHz. However, for Seattle, with the
same total annual rainfall, the prob-
ability of occurrence of this rainfall
rate is negligible.

The measurements over the Colorado links
will be continued and augmented with
transmissions at 15 and 18 GHz. Further
studies and tests of atmospheric effects
on digital communications are planned.

Long Path Polarization. During the peri-
od March to August 1974, the ITS made ex-
perimental measurements to study the de-
polarization of X~band signals transmit-
ted over line~of-sight tropospheric prop-
agation paths. Horizontally and verti-
cally polarized signals were received
simultaneously on a vertically-polarized
receiving antenna, and analog recordings
were made of their field strength varia-
tions. Subsequent data processing pro-
duced a record of the time variations 1in
the discrimination ratio of the two
cross~polarized signals. The data anal-
ysis provides a statistical description
of the observed random reductions in dis-
crimination ratio. The depth, rate of
occurrence, and duration of these reduc-
tions were 1investigated, along with the
correlation of these statistics with the
corresponding statistics of signal fad-
ing. These results will be wuseful 1in
estimating both the probability of occur-
rence and the probable effect of these
random reductions in discrimination ratio
on the performance of microwave systems
which depend on cross-polarization for
signal isolation.

SECTION 4.2. CHARACTERISTICS OF THE
TRANSMISSION MEDIA

This section is concerned with the study
of transmission media to help those who
design, construct, or use telecommunica-
tion systems to better understand the
characteristics of the media and their
effects on radio signals. We first dis-
cuss the non-ionized atmosphere and then
the ionosphere.

4.2.1. Atmospheric Characteristics
Millimeter Wave Transmission Spectro-
scopy, 40 to 140 GHz. The relatively

stable dry air mass of the first 80 km in
altitude is a unique filter and generator
over the 40 to 140 GHz frequency range
with transfer, shielding, and emission
properties not found at any lower fre-
quency. These effects are caused by the
microwave spectrum of oxygen (0,-MS),
which is a complicated spectroscopif jig-
saw puzzle due to more than 36 individual
lines. The signal response of the atmo-
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spheric propagation channel is determined
by a complex transfer function due to the
0,-MS, and the drastic changes with alti-~
tude in the function's attenuation and
phase dispersion terms need to be known
in some systems performance analysis and
telecommunication prediction models.

The description of the 0,~MS5 requires a
set of over 100 spectroscopic parameters,

most of which had not been determined
with adequate accuracy. Hence, since the
rapid rate of expansion of EHF system

applications, there have been strong rec-
ommendations by the National Academy of
Sciences (1969), by NASA and NOAA (1971),
by National Science Foundation (1972), by
the Inter~Union Commission on Radio Mete-

orology URSI-IUGG (1975), and by others
to improve the data base on the atmos~
pheric OZ—MS.

The O, -MS 1is formulated as a complex
transfér function in terms amenable to
system engineers and 1is studied under
controlled laboratory conditions simula-

ting atmospheric parameters of pressure
and temperature over the first 80 km 1in
altitude. The spectroscopic parameters
of line strength, width, and position are
to be measured for as many lines as
possible with accuracies on the order of
1 to 2 percent at low pressures (<100
torr, where 760 torr equals 1 atmo-
sphere) . The band shape intensities at
higher pressures (>200 torr to 800 torr)
are to be determined with accuracies bet-
ter than 5 percent and compared with ana-
lytical results based upon Rosenkranz's
band shape theory. A unique set of 36
interference coefficients needs to be de-
termined from this comparison. All spec-~
troscopic results are then combined in an
EHF transfer function. The experimental-
ly verified theory is described in terms
of its variation with respect to temper-
ature, pressure, and frequency; the re-
sults are discussed for their usefulness
when treating problems of propagation
limitations imposed by (turbulent) air
and remote sensing of atmospheric states.

In FY76 the following accomplishments
were realized: The spectrometer, devel-
oped earlier by ITS for accomplishing the
objectives outlined in the preceding par-
agraph, benefited strongly from a newly
designed, digital, millimeter-wave phase
meter (see figure 4-15). Instrumental
errors that plagued past measurements
were reduced considerably.

Results
were obtained from refractive
versus pressure scans for 21 lines. Each
parameter was deduced from several hun-
dred data points. The missing parameters
can be predicted with increased confi-
dence.

of width and strength parameters
dispersion



Figure 4-15.

High resolution millimeter-wave phase
meter developed by Arthur Diede and

Hans Liebe of ITS capable of resolving
the phase of a 60 GHz signal to 2 X 10-8
degrees.
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The collective behavior of all O02-MS
lines appears as an unstructured band at
sea level conditions, centered at 60 GHz;
and the correct band shape is governed by
a set of interference coefficients. The
hypothetical value I'°©= 0.8 MHz/torr for
the nonresonant width produced the best
agreement between calculated and measured
(53 to 64 GHz, 200 to 800 torr) intensi-
ties.

The salient parameters of the atmospheric

0,~-MS can now be given with some confi-
dence. The analytical scheme, which uses
these parameters to predict molecular

attenuation and phase dispersion based
upon easy~to~measure meteorological vari-
ables, is described in a paper (in
press). Another paper (also in press)
exploits the newly found EHF transfer
properties of the clear atmosphere quite
generally. The variability of a complex
refractive index with respect to tempera-
ture,
16) was analyzed by numerical experi-
mentation with the state~of-the-art the-
ory. System engineers can find the
trends and extreme values of these sensi-
tivities and thus have a better feel for
the inner workings of the 03;-MS.

Atmospheric Effects, 10 to 40 GHz. With
the planned increase in usage of digital
systems and the re-examination of fre-
quency allocations (in anticipation of
the two 1977 World Administrative Radio
Conferences (WARC's) and the 1979 General

WARC), a <closer 1look was warranted for
the impact wupon telecommunications of
dispersive (frequency~dependent) atmo-

spheric effects. This is particularly so
for frequencies above 10 GHz and for
systems employing digital modulation.

There
forts
(the

larization

was a need to extend previous ef-
of modeling atmospheric effects
attenuation, distortion, and depo-
of microwaves by rainfall,
clouds, and the gaseous atmosphere) and
to determine their impact upon microwave
system performance for satellite/ground
links.

In FY76, the theoretical method for esti-
mating the atmospheric distortion of
microwave signals and of evaluating their
degradation of performance (increase of

bit~error rate) for CQPSK (coherent
quadra~phase~-shift keying) systems was
extended; evaluations were carried out

for ground/satellite systems operating in
the frequency range from 10 to 40 GHz.
Also, a report was written describing a
previous experimental study of the
atmospheric effects upon a QPSK 1line-of-
sight path.

ic attenuation versus frequency
for the 1indicated percent,

exceeded

p, of all

pressure, and frequency (figure 4-
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hours of an average year. The propaga-
tion path 1is from a ground station at
Washington, D.C., with an elevation angle
O = 27° to a geostationary satellite. The
attenuation curves for p <0.2% are gov-
erned primarily by rainfall; the curves
for 0.2%<p<30% are influenced by clouds
and the gaseous atmosphere. The curves
for p>30% are those due to the gaseous
atmosphere. Note that the "atmospheric
window" in the wvicinity of 40 GHz 1is
available only 1in the absence of clouds
and rain. Further, the distortion of
microwaves 1is proportional primarily to
the slope of these curves and varies with
atmospheric conditions (the p value) as
well as frequency.

An indication of the distortion effect is
shown in figure 4-18 where the bit~error
rate (BER) 1is plotted as a function of
the bandwidth B. For a bandwidth of 0.1
GHz and for a ratio of energy-per-bit to
noise power density (E/N,) given as 15.05
dB, the BER 1is 0.77x107°  The curves
then illustrate the marked 1increase 1in

BER for a CQPSK system at 20 GHz as the
bandwidth (or data rate) 1is 1increased.
This increase in BER 1is due solely to

distortion by the atmosphere, since it is
assumed that the average transmitter
power is being increased in proportion to
the bandwidth increase. The atmospheric
conditions and p values coincide with
those for the previous figure.

A number of examples were prepared which
illustrate the atmospheric 1limitations
upon system performance and describe how
the choice of a CQPSK digital system
bandwidth (or data rate) for a specified
system performance (BER) imposes quanti-
tative requirements upon the design
choices of transmitter power, antenna
size, receiver noise figure, line losses,
etc.

In FY77 It is planned to extend these re-
sults in several ways. The method for
evaluating the impact of distortion upon
the BER of CQPSK systems will be extended
to permit evaluation of the impact of the
known atmospheric dispersion from 40 to
150 GHz, as a function of bandwidth and
path length for both terrestrial and air-
borne paths. Also, the mathematical ex-
pressions for the impact of distortion
upon BER will be extended to incluae
other modulation systems. Further, for
frequency allocation purposes, the
dispersive atmosphere between 150 and 400
GHz (which includes two water-vapor
resonance frequencies) should be eval-
uated and applied for future digital
satellite systems or digital terrestrial
systems where security is important. It
is hoped that this evaluation will be
examined during the next fiscal year.
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Time-Variant Channel Limitations. The
performance of future telecommunication
systems wusing high bit rates is deter-
mined, in part, by both the fading and

dispersive characteristics of the medium
through which the wave 1is propagating.
Fading dispersive channels are usually
best described as random, 1linear, time-
varying filters. The work on this pro-
ject was directed toward characterizing
the time-variant properties of a commu-~

nications channel for a radio wave prop-
agating in a random turbulent medium.

The deterministic variations in the
transfer function associated with 1long-
term atmospheric time variations (i.e.,
tens to hundreds of seconds) are caused
by weather fronts and diurnal and season-
al changes in pressure, temperature, and
water vapor pressure. Ott and Thompson
(1976) examined the effects of long-term
time variations on the transfer function.
The random variations in the transfer
function associated with short-time var-
iations (i.e., tenths to tens of seconds)
were studied by Ott (1976). Both papers

are scheduled to be published in the
November 1976 issue IEEE Trans. Ant.
Prop.

Radio signals from point sources in the

microwave spectral region are observed to

experience amplitude scintillations even
though the propagation medium is non-ab-
sorbing at the signal frequency. The ef-

fect is a consequence of the random spa-
tial wvariations in the refractive index
of the medium and has been treated at
some length in the literature. In con-
trast, in the millimeter spectral region,
an absorption mechanism as well as a
scattering mechanism occurs. The dash-~
dot curve in fi%ure 4-19 shows the shape
of the radio amplitude spectra expected
for the case of propagation through a
turbulent medium having a real refractive
index. For radio frequencies near re-
gions of molecular absorption (e.g., 60
GHz), the absorption effect increases the
amplitude variability. The absorption is
generally a function of atmospheric state
and composition. Since one or both of

the 1latter are normally random in both
space and time, the path attenuation
varies randomly. Based on available in-

formation on the expected spectral shapes
for pressure and temperature, the ampli-
tude spectrum from the absorption mecha=

nism should have the form

where f is the fluctuation frequency, as
shown by the wvertical dashed 1line in
figure 4-19.

The temporal amplitude spectra in figure

4-19 are measures of the Doppler spread
or frequency dispersion of a radio wave
propagating in a random turbulent medium.
The reciprocal of the Doppler spread is
an estimate of the time separation beyond

Wy (f)=£-8/3
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which samples of the transmitted wave are
independent. The term coherence time 1is
frequently used to describe the recip-~
rocal of Doppler spread. If the Doppler
spread, R, satisfies BT >> 1 where T is
the duration of the information pulse,
severe distortion and pulse spreading may
occur.

The objective for FY77 is to predict the
performance of telecommunication systems
undergoing random time-variant changes in
the transfer function.

Refractive Index Measurements. In cer-
tain parts of the world, atmospheric con-
ditions often 1lead to the formation of
propagation ducts. At frequencies com-
monly wused 1in radars, these ducts can
severely distort the radar's coverage,
resulting 1in "holes" or regions in which
a target could not be detected and/or the
appearance of undesired background echoes
from sea or land surfaces far beyond the
intended range of the system.

In evaluating the performance of a radar
and in the determination of optimum loca-
tions, these propagation effects are ex-
tremely critical. Two such areas were
studied by ITS during FY76 at the request
of USAF/ESD and RADC.

The ITS Model 5 airborne microwave re-
fractometer was used to measure and re-
cord radio refractive index as a function
of height. The resulting profiles were
used in ray tracing programs to map the
radar coverage expected for the partic-

ular conditions represented by each pro-
file.
Shown in (a) of figure 4-20 is a typical

profile from a sponsor-specified region,
while (b) and (c) of the figure illus-
trate the two types of propagation ef-
fects in terms of the paths taken by siy-

nals leaving the transmitting antennas
over a range of +10 milliradians in ele-
vation angle. In (b), the transmitted

beam is divided into two parts, leaving a
region of greatly reduced sensitivity in
its coverage. In (c) most of the energy
has been trapped and may be propagated
over long distances, e.g., hundreds of
kilometers, giving returns from low-level
and surface targets but with positions
corresponding to high elevations. This
results in the occasional tanker being
tracked at, say, 20 knots and at an ap-
parent altitude of 70,000 feet.

NOAA Radar Support Program. This work
was undertaken to assist NOAA's weather
Modification Program Office 1in the in-
stallation and interfacing of radar, nav-
igation, and other instrumentation in the
NOAA P-3D aircraft (used 1in connection
with severe storm warnings and weather
modification).
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Severe storms are of interest in line~of-
sight microwave telecommunications sys-
tems in that the storms disrupt the com-
munication system in time of need. Fu-
ture data which will be available from
NOAA will lend some insight to the sever-
ity of microwave communication outages
caused by such storms.

The effort in FY76 consisted primarily of
assisting NOAA in the selection and in-
stallation of radar, Omega navigation,
and other instrumentation for the P-3D
aircraft. This equipment will be used
during the tracking and measurement of
severe storms.

The
radar with 70 kW peak power, 6 pus

radar is an AVQ-30C airborne weather
pulse

length at 200 pps, a 30 dB antenna, and
which operates at a frequency of 5.85
GHz. For analysis purposes, raw video

will be recorded and digital video in 1.0
dB increments will be recorded on mag-
netic tape. These data can then be
played back through the data processing
system and be displayed on video moni-
tors. Selected portions of the data can
then be analyzed in detail.

Many of the observations are expected to
be obtained from severe storms at sea.
The majority of the predictions now made
for microwave transmission characteris-
tics through the atmosphere are dependent
upon the mass of data available from
land~based weather stations. There is
considerable need for data taken at sea
for use in ship~to~satellite transmission
predictions. It 1is not expected the
measurement results will be available be-
fore January 1977.

4.2.2. Ionospheric Characteristics
and Effects
Ionospheric Effects on Transionospheric

Radio Signals. Scintillations sufficient
to degrade the performance of satellite
communication systems have been detected
up to the UHF band at high latitudes, up
to 4-6 GHz in the equatorial regions, and
at least to VHF at temperate latitudes.

Although considerable knowledge is avail-
able concerning scintillation effects in
the equatorial region and high latitudes,
there are relatively few observations of
mid-latitude scintillations. The project
objective was to analyze the amplitude
and phase measurements of the 40, 140,
and 360 MHz transmissions from the ATS-6
radio beacon, taken by the Space Environ-
ment Laboratory, NOAA, Boulder, Colorado.

During FY76, appropriate statistical mo-
dels and software were developed for de-
termining the amplitude and phase dis-

tributions of the excursions from the un-
disturbed signal, the S indices or inten-
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sity of the scintillations, and the am-

plitude and phase spectra.

The basic data were taken at l-second
intervals and the statistics are computed
for each 5-minute interval using both the
5-minute mean amplitude and mean power
and the 15-minute means centered on the
5-minute interval being analyzed. In
addition to the mean amplitude and power,
the standard deviation of the distribu-
tions about the means, the minimum and
maximum power ratios, and the cumulative
probability distribution of the power are
computed.

To test the hypothesis that the time-
varying irregular structure in the iono-
sphere is the cause of signal degradation
in satellite communications, the vertical
incidence 1ionograms taken at Boulder,
Colorado, were examined in detail for the
month of August 1974.

salient features are observed on
The

Certain
the ionograms during scintillations.

most important of these is the presence
of severe spreading in the F 1layer both
in frequency and height. However, there

also appears to be a high correlation be-
tween the onset of scintillations and the
presence of height spreading in both the
Es and F layers, strongly blanketing spo-
radic E and many oblique echoes.

The temporal amplitude and phase spectra
have been calculated using an FFT algo-

rithm from amplitude and phase recordings

taken every second for the 40, 140, and
360 MHz beacon signals. Spectra are
presented over a seven~hour time perioa

for two days exhibiting relatively high
scintillation and one day showing rela-
tively 1low scintillation. On those days
exhibiting high scintillation, the ampli-
tude spectra show two distinct power-law
variations separated by a scintillation
"corner" frequency approximately equal to
the velocity of the medium transverse to

the radio path divided by the radius of
the first Fresnel elligsoid. The time
for which spectra are presented corre-

sponds roughly to sunset in the F region,
or one to two hours after sunset on the
ground.

In order to examine the effects of multi-
path on intersymbol interference, a math-
ematical model for the channel scattering

function will be derived in FY77
corresponding to periods of high scin-
tillation. The parameters characterizing

the scintillating medium that are needed
in the mathematical model for the scat-
tering function will be identified. Also
in FY77, the radio frequency dependence
of scintillation will be examined.

Ionospheric
important to

Ionospheric
parameters are

Data Analysis.
critically




the long-distance propagation of radio
waves with frequencies less than 40 MHz.
These parameters are highly variable with

time and location, so their measurement
and prediction have been studied at ITS
and 1its predecessor organizations for
many years.

Ionospheric data analysis is sponsored by
the Air Force Geophysical Laboratory.
The objective of the project 1is to

retrieve basic data from appropriate data
sources, such as NOAA's World Data Cen-
ter, to provide digitized values of spe-
cified 1ionospheric parameters, and to
analyze these data to determine their
latitudinal, 1longitudinal, diurnal, and
seasonal variations.

In FY76, the digitization of the speci-
fied ionospheric data has been completed
and a draft report on the analysis on the
ionospheric data has been supplied to the
sponsor. The purpose of the study was to
evaluate the probability of sporadic-E
(Es) occurrence in the area of the north-
east United States, Canada, and Green-
land, and to provide quantitative esti-
mates of the likelihood of simultaneous
Es occurrence at several pairs of verti-
cal-incidence ionosondes in this area.
The sporadic E observations used in this
study were measured at Wallops Island,
Virginia; Ottawa, St. Johns, and Goose-
bay, Canada; and Godhavn and Narssars-
suaq, Greenland for the years 1969-1972.

The conclusions of this analysis are (as
expected) that sporadic E occurs pre-
dominantly in the summer season and day-
time hours for temperate latitudes (Wal-
lops). However, this trend tends to
disappear in the auroral zone. There is
some tendency for sporadic E to occur
simultaneously at widely separated loca-
tions in the sub-~auroral area, but this
tendency is greatly weakened in the au-
roral oval region.

LF Data Analysis. In order to estimate
the performance of the Minimum Essential
Emergency Communications Network (MEECN),
it is necessary to determine the time-
availability of each individual 1link.
Some links in MEECN are LF~VLF radio
links whose time-availability depends on
the temporal variation of the signal-to-
noise ratio. Models developed to predict

this ratio require models of the 1iono-
sphere as input, but no ionospheric model
which wvaries with the relevant geo-

physical parameters was available.

of
literature

measured D-
to

use
the

This project made
region profiles from
develop such a model.

The parameters of an "exponential model"
of the ionosphere were scaled from over
500 profiles <culled from the available
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literature, and analysed using multi-

parameter linear regression.

The resulting model is given by the ex-
pression in figure 4-21.

The model was validated by comparing the-
oretical field strengths, computed using
it, with measured field strengths.

Lower Ionospheric Research. This project

combined results of the ITS partial-
reflection sounder data from the Alaskan
Ice-Cap program with other ionospheric
measurements from New Mexico to determine
the high-latitude lower ionospheric be-
havior during normal and aurorally-
disturbed periods.

FY76 the detailed analysis of partial
reflection sounder data acquired in
Alaska during the DNA sponsored ICECAP
73-74 programs concerned with aurorally
disturbed and normal ionospheres was com-
pleted along with analysis of measure-
ments from white Sands, New Mexico.

In

A report has been written, and is under
review, which includes a composite analy-
sis of the impact of strongly perturbing
ionospheric events on long-path propaga-
tion modes of communications systems
which operate at LF, VLF, and ELF fre-
quencies.

A complementary program titled Joint
Ionospheric Studies is sponsored by the
U.S. Army Electronics Command.and con-
cerns the completion of ionospheric data
reduction and analysis of the support
data taken during a rocket measurement
program at the white Sands Missile Range.
The data reduction and analysis have been
completed and a report to the sponsor is
in preparation.

SECTION 4.3. DEVELOPMENT AND
IMPLEMENTATION OF EM WAVE
TRANSMISSION MODELS

Information about EM wave Transinission
Characteristics, and the characteristics
of the transmission media are incorpor-
ated into engineering models. These mo-
dels are being developed for users within
and outside government. As 1in section
4.2, we first discuss the non-ionized
media cases and then those primarily in-
fluenced by the ionosphere.

4.3.1. Atmospheric Transmission Models

A Communication System Performance Model
is one example of the type of development
effort being carried out by the Institute
for other government agencies.

The sponsor of this project, the U.S.
Army Communications-Electronics Engineer-
ing and 1Installation Agency (USACEEIA),



N(h) = No exp (On(h-hw)),

where: N(h) is the D-region electron density at height h(km);
No =1,43 (107) exp (-0.15 hW);
hw= 71,96 - 7.78x1 + 7.79 X, - 1.20 X4
- 0,0372 X, - 7.06 Xgs
and
a= 0,281 - 0, 134 X, + 0,108 X, - 0.0762 x, + 0,191 X3
and
X = cos (X), where ¥ is the sun's zenith angle;
x, = cos (8), where 0 is the latitude;
X, = cos@p, where o= -I%S— (21), and
m is the month number;
X, = the Zurich smoothed relative sunspot number;
x5 = 0 for quiet conditions; xg = 1 for disturbed conditions,

Figure 4-21. Ionospheric model for use with MEECN 20-60 kHz circuits. Model is
for all hours and all latitudes. Disturbed in Xe¢ is defined as
Kp > 4, riometer absorption > 0.5 dB or SID condition.
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has world~wide responsibilities for plan-
ning and 1installing Army line~of-sight
and troposcatter communication systems.

A communication system performance model
is being developed which will provide a
variety of user-selectable forms of out-
put information. At the heart of the mo-
del 1is the ITS point~to~point reference
model for predicting basic transmission
loss. That model requires as input cer-
tain data describing the physical charac-
teristics of the propagation path between
the transmitter and receiver. These path
data are obtained by automatically acces-
sing digital files of topographic data,
extracting the necessary topographic in-
formation, and calculating the required
path parameters.

The types of output data which may be
selected by the model user will 1include
simple path terrain information obtained
from the digital topographic files, basic
transmission 1loss, and utilizations of
the basic transmission 1loss to compute
power density and received signal level.
All output data will be available in tab-
ular and plotted forms at the choice of
the model user. The wultimate form of
output data will be equal-value contours,
about the transmitter location, of basic
transmission loss, power density, or re-
ceived signal level imposed upon a geo-
graphical map not to exceed 2° longitude
by 2° latitude, also generated by the mo-

del. A final type of output data will be
predictions of "quality of service" de-
termined by predicting the probability
that received signal level will equal or
exceed a specified threshold.

This project extends into FY77. There is
a need for improved antenna models for

use 1in this model and other Army models,
and a need for capabilities for handling
and utilizing topographic data which are
considerably more detailed than the data
presently being used.

Another example of model development for
the Army was European Wideband Communi-

cation System Performance at SHF. The
U.S. Army Communications Command at Ft.
Huachuca, Arizona, has a need for a
FORTRAN IV computer prediction model for

their CDC
formance predictions for
GHz) systems in Europe.

6500 computer for making per-
LOS (8 to 30

From the available experimental data and
theoretical formulations for rainstorm
structure and cell size, rainfall predic-~

tions, and the impacts of rainfall, a
performance prediction procedure for the
EWCS at 8 to 30 GHz was formulated and
computer programed. The procedure will
accommodate the inputs of path 1length,
operating frequency, and appropriate
rainfall statistics. The outputs will
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be: the rainfall path loss and its var-
iation for a given path.

During FY76 most subprograms for the
final software package have been pre-
pared, and the methodology for the deter-
mination of the wvariances of station
convective storm activity have been ob-
tained. From these, then, the mathemati-
cal procedure for ~calculating the rain
rate variance, and, thence, path 1loss
prediction variance have been estab-
lished. Further, from the available his-
torical data, the temporal (year-to-~year)
variance of rainfall has been determined
for the meteorological stations of Europe

and has been used as the basis of pre-
dicting (at the Y0% level) the range of
rainfall distributions for an average
year.

Figure 4~22 represents the comparison of
the prediction of the average annual dis-
tribution of rainfall rates, obtained via
the modified Rice~Holmberg model (Dutton,
Dougherty, and Martin, 1974, USACC Tech.
Report No. ACC~ACO-~16-~74), with purported
"long~term" data taken by the Weather
Bureau of the Federal Republic of Ger-
many. These particular results are for
Hamburg in the FRG, and are representa-
tive of several meteorological stations
that are available. Happily, the data
are still within prediction confidence
limits. Dashed lines represent the pre-
diction of the confidence level of the
prediction based on an assumed normal
distribution about the mean. These
dashed lines enclose a 90% confidence in-
terval.

The prediction of variance and standard
deviation of rainfall rates, and, hence,
path 1loss, represent an advanced and
pioneering effort in this regard, so far
as we are aware, to attach a quantitative
value to this highly unpredictable
meteorological quantity.

Because very 1little was known regarding
propagation at VHF and UHF with antennas
near the ground, an extended measurement
program was planned and carried out in
1973 and 1974. The objective was to show
that a sensor communication system may
operate with antennas placed virtually at
ground level. Data were obtained at 172
and 410 MHz at various times of day, and
seasons, over several types of terrain.

We carefully evaluated, summarized, and
analyzed these data, and compared the re-
sults with values predicted using several
models of radio propagation over irregu-
lar terrain. The data, especially at the

lower frequency, clearly show that the
power received over these relatively
short paths (less than 7 km 1long) tends

to remain practically constant from one
hour to the next for periods of 16 hours
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Figure 4-22. Comparison of predicted versus observed rainfall rates for Hamburg, F.R.G. The solid line
is best guess prediction, the other two curves define the 90% confidence limits.



or more, and that the change from one day
to another rarely exceeds 5 or 6 dB. The
short-term or within-the~hour variability

is small, also, with a variance that 1is
usually much 1less than 1 dB. Somewhat
more variability in received power was
observed at UHF.

Although the wvariability with time is
small, large path~to~path differences of

40 to 45 dB were common. This large lo-
cation variability is associated with the

very low antenna heights, where small
obstacles in the 1immediate foreground
partially block the signal.

Measured transmission 1losses were com-

pared with values predicted using several
models of radio propagation over irregu-
lar terrain. The Longley-Rice (ESSA
Technical Report ERL~7Y, ITS 67) area
prediction model proved useful for this
type of communication, except that this
model makes no specific allowance for the
effects of trees. 1In a heavily forested
area, additional losses occur, especially
at the higher frequencies. In an area
where many of the terminals were located
close to thick stands of evergreen trees,
the additional loss was about 5 and 13 dB
at 172 and 410 MHz, respectively. The
additional attenuation also depends on
the density and height of the forest and
how close it is to the path terminals.

The attached figures show comparisons be-
tween measured and predicted values.
Figure 4-23 shows median values of basic
transmission loss at 172 and 410 MHz,
with both antennas 0.35 m above ground
level, compared with area prediction
curves. Figure 4-24 shows the differ-
ences between measured and predicted
losses for individual paths using path
parameters with an allowance for trees.

In FY76 we
final report on this project
75-74).

completed and published the
(OT Report

4,3.2. Ionospheric Transmission Models
Computer programs developed by ITS for
predicting ionospheric transmission and
the performance of HF radio systems are
used by government agencies and com-
mercial firms in the U.S. and other na-
tions. A continuous program 1is carried
on to upgrade and expand prediction ser-
vices to fit user needs.

One of the FY76 projects in this area was
the HF Broadcast Compatibility study,
conducted for the Voice of America (VOA).

Evaluation of HF sky-wave predictions (as
used for VOA scheduling) with emphasis on
the evaluation of the broadcast compati-
bility program developed 1in FY75, was
carried out.
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Important parts of the HF predictions,
e.g., day-to-day variations of HF signal
levels, were compared with actual obser-
vations on long circuits to check the
accuracy of HF models. Predicted day-to-
day variations show acceptable agreement
with observations. Overall agreement be-~
tween predicted and observed values is as
yet uncertain due to lack of observation-
al data.

The overall
the observations was
VOA on a time-share computer. Future
comparisons can now be made by VOA di-
rectly by time~share access to the model.

comparison of the model and
made available to

Along with the above program was the De-
velopment of Improved Models for mMultihop

Propagation, also sponsored by VOA.

The performance of HF communication sys-—
tems is strongly dependent on the re-
flection properties of the ionosphere,
which vary systematically with hour, sea-

son, solar cycle, and geographic loca-
tion. The Voice of America has relied
entirely on the competence of OT/ITS for

developing global ionospheric models for
predicting ionization levels in the vari-~
ous regions of the ionosphere. It has
also been our responsibility to apply
these ionospheric models to the develop-
ment of propagation models for estimating
system performance criteria such as re-
liability, field strength, and compati-
bility for long-distance, high~-frequency
radio systems. Improved models for esti-
mating HF system performance enable the
United States Information Agency to more
effectively determine optimum assignments
of facilities and frequencies for VOA
broadcast circuits.

A
radio system performance has

complete program for the prediction of
been writ-

ten. This 1includes the standard output
format as used in HFMUFES (reliability,
percent of days, etc.). while any two

locations in the world can be used, the
models in this program are not intended
for long paths. The program was written
in such a way that all subsections are
modular, and modifications may be made
without involving a major recoding of the
entire program.

A model for very long paths which does
not depend on finding the precise model
structure has been developed and pro-
gramed. This is the first computerized
version of these prediction methods,
which have a history back into the
1940's.’ Verification of the combined
program will be carried on in the next
fiscal year.
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SECTION 4.4. PREDICTION OF TRANSMISSION
PARAMETERS AND SYSTEM PERFORMANCE

Completed engineering models for EM wave
transmission calculations are delivered
to sponsoring and requesting agencies for
their use. Following are representative
uses of these services.

4.4.1. Long~-Term Ionospheric Predictions
The USIA/VOA, 1in maintaining its world-
wide broadcasts on high frequencies, re-
quires regular predictions of "circuit"
performance for its transmissions as re-
ceived in the appropriate target areas.

The Radio Propagation Predictions project

was set up to provide the VOA with the
following HF performance predictions:
(1) for about 150 broadcast circuits at

least seven months in advance for alter-

nate months; (2) for 30 selected VOA cir-
cuits, one month in advance, for each
month; and (3) for the same months as 1in
(1), above, for «circuits from Tinang,
Kavala, Greenville, and Wooferton that
make a selection of the optimum antenna.

Early in the fiscal year considerable ef-
fort was spent in converting the programs

from the CDC 3800 to the 6600. Files
have now been set up to allow ready ac-
cess to the program either for local
batch processing or for use of a remote

Telex terminal.

Predictions
schedule.
remote access
cuits.

required were delivered on
USIA/VOA has made use of the
option for special cir-

VOA need for HF predictions continues,
and it will be filled as 1in the past.
Attention will be given to improving the
service and the predictions themselves as

success in other projects make it
possible.
Along with this project, ITS provided

Consultative and Advisory Services to the
U.S. Information Agency in the form of a
3-volume report to help VOA's long-~term

planning for international broadcasting.
Included, also, were predictions of 75
special <circuits for three seasons and

three levels of solar activity.

There are many government agencies and
industries which use the Numerical Pre-

diction Services. This project provides
numerical coefficients, HF radio propaga-
tion predictions, computer programs, and
other materials, e.g., maps and reports,
as requested, on a cost reimbursable
basis.

ITS provided monthly prediction numerical
coefficients for foF2 and M(3000)F2 to

approximately 14 yearly subscribers. HF
Radio Propagation Predictions were pro-
vided routinely to ITT world Communica-
tions, Associated Press, Voice of the
Gospel, and NOAA/SEL. In addition, HF
Radio Propagation Predictions were sup-
plied to: Texas Gas Transmission, mMartin
Marietta, Canadian Marconi Company, En-
vironmental Devices Corp., E-Systems,
Family Stations, Page Communication En-
gineers, Inc., Radio Nederland, and Exxon
Corp. The HFMUFES 4 computer program was
supplied to: Los Alamos Scientific Lab-
oratory, Family Stations, Harris Corp.,
Interstate Electronics Corp., Main Elec-
tronics, Naval Research Laboratory, Rock-
well International, Sanders Associates,
and Standard Oil of California.

Over the years ITS has provided Johns
Hopkins University with special HF pre-
diction services. In FY76 a project en-
titled HF Fleet Sub was initiated to
determine the coverage of groups of H¥
transmitters in order to evaluate an
operational communication network. A
specially moditied version of an HF pre-
diction program 1is used to proviae pre-
dictions of HF systems performance data
on magnetic tapes compatible with both
the computer available to ITS and that
available to JHU. The format of the data
tapes was modified so that they could be
used directly as input to JHU's systems
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evaluation program. Predictions for all
areas requested by JHU were provided.

Prediction Techniques for mMarginal HF
Communication Systems. The analysis of
HF communication systems is strongly de-
pendent on the reflection properties of

the ionosphere, which vary systematically
with hour, season, solar cycle, and geo-
graphic location. Various agencies of
the U.S. Government, as well as private
corporations and foreign governments,
have relied on the competence of ITS for
developing global ionospheric models tfor
predicting ionization levels in the vari-
ous regions of the ionosphere, and for
applying such models to the aevelopment
of methods for the evaluation of HF sys-
tems performance. The specific objec-
tives of this project are to adevelop a
complete computer program to be usea to
evaluate systems which have only marginal
success in communication (e.g., voice
communication barely possible) and to ap-
ply the resulting program to an existing
system, the G.S. Army's AN/TSC~388. Em-
phasis is to be given to determining the
range capability of the existing trans-
portable radio system and to determine
the feasibility of incorporating signal
processing eguipment into the system.

The programing phase is part of a contin-
uing effort by ITS, and, based upon these
studies, 1improved ionospheric prediction
and analysis models have been developed.



These models have been programed for use
in the real time analysis of over-the-
horizon radar systems and for predicting
the area coverage of HF radio transmit-
ters. Because of the extremely sophisti-
cated processing of the radar data, vari-
ious improvements in the analysis model
have been realized. This information was
largely short distance data; i.e., one
and two hop paths. It was felt that
these models should now be included in a
general point-to~point HF radio systems
prediction program.

The preliminary programing for both the
long distance and short distance modules
has been completed. Quite extensive mod-
el verification both against alternative
programed models (to check computer cod-
ing) and measured data (to check model
accuracy) will be carried out in the next
fiscal year.

A feasibility study incorporating signal
processing equipment into the AN/TSC-38B
has been completed and recommendations
delivered to the sponsor. Only commer-
cially available equipment was consid-
ered. Even with a near optimum operating
frequency, an HF <circuit often experi-
ences short term variations in received
signal 1level, noise, and interference
that can seriously affect system error
rate. An improvement of only a few dB
gained from better antennas and larger
transmitters removes only those errors
which occur when the signal-to-noise
ratio 1is in a marginal range of only a
few dB, a situation which occurs infre-
quently with HF signal-to-noise variabil-
ity. Therefore, signal processing tech-
niques which can achieve more effective
error rate reductions were recommended
for use with the AN/TSC-38B High Fre-
quency Communications Center.

It is anticipated that additional funds
will be available to us during the next
fiscal year to obtain the signal process-
ing equipment and to set up a field ex-
periment wutilizing said equipment with
the AN/TSC-38B. The results of the test
phase will then determine the actual per-
formance of the modified system.

4.4.2. Ionospheric Warning Service
and Short-Term Predictions

In addition to the long-term predictions
which are useful for system planning and
design, ITS provides short-term forecasts
and warnings that are useful for day-to-
day operations. Some of these were
described under VOA Time-Share above.

provides
likely

Ionospheric Warning Services,
forecasts of conditions which are

to affect ionospheric radio propagation
conditions in the high frequency range
from about 3 to 30 MHz to communication
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agencies and certain research groups. Of
primary concern are those transmission
paths at high latitudes, which are more
likely to be adversely affected by signi-
ficant disturbances in the earth's mag-
netic field; upon special requests, how-
ever, forecasts for propagation paths at
other latitudes can be made available.
Objectives also include the maintenance
of wvarious computer programs and data
files by which remote users may acquire
ionospheric predictions through access of
a time-share computer. Users of these
forecast services 1include U.S. Govern-
ment, private business (domestic and
foreign) groups, amateur radio operators
and shortwave 1listeners, and schools,
elementary through college levels.

During this fiscal year, project person-
nel continued to issue routine forecasts
of telecommunication conditions on week-
ly, daily, and six-hourly schedules.
Distribution of these forecasts was ac-
complished by mail, teletype, and tele-
phone, and were made available in time-
share computer files and on a telephone
answering service. The six~hourly fore-
casts were also broadcast by NBS radio
station wwV; in addition to the propa-
gation forecasts, the WWV transmissions
also included solar raadaio flux data ana
geomagnetic indices, supplied by person-
nel of this project.

At approximately two-week intervals, pro-
ject personnel prepared Ionospheric Pre-
diction Revision factors for inclusion in
the Weekly Telecommunication Forecast re-
ports. These revision factors are to be
applied to semi-permanent frequency pre-

dictions (maximum usable and optimum
traffic frequency). Monthly summaries of
radio propagation quality figures ana
geomagnetic activity indices were pre-

pared for publication in NOAA's Environ-
mental Data Service's publications,
Solar~Geophysical Data.

Project personnel also provided the mech-
anism for preparation and distribution of
the AMVER charts, in support of the U.S.
Coast Guard, and for retrieval and adis-
tribution of certain computer runs (such
as terrain profiles) submitted wvia the
time-share computer by internal and out-
side groups.

There was a special project set up for
VOA Time Share of computer models. The
object here 1is to provide VOA's mMaster
Control with a means to acquire predic-
tion of high-frequency radio performance
characteristics by remote access to time-
share computer programs, and to alert
Master Control to any existing or impend-
ing solar and geophysical events consid-
ered capable of affecting high-frequency
broadcast services. Of particular impor-
tance to Master Control are those dis-




turbances which might necessitate their
acquisition of cable services, in lieu of
ionospheric propagation circuits, for re-
lay of their programs to overseas broad-
cast stations.

The bulk of project funds for this pro-
ject goes to actual computer time for the
sponsor's wuse of the ionospheric pre-

diction programs; only 10% 1is available
for 1labor costs. Project personnel con-
tinued to maintain solar and geophysical

files necessary for access by the compu-
ter program, as well as other files which
contain the latest forecast issued by the
Telecommunication Services Center (files
maintained as a regular TSC service).

A special service performed for the
USIA/VOA Frequency Division was a daily
(Monday through Friday) message which

contained a summary of solar and geophys-
ical conditions during the preceding 24
hours (through the weekend in the case of
the Monday messages) and a forecast of
geomagnetic/ionospheric conditions for
the following days (or for the ensuing
weekend on the Friday report). These
messages were transmitted by direct-dial
TWX.

Radio Warning Communications. During the
United States space program, the protec-
tion of space flight personnel from solar
radiation of high energy particles became
important. With the advent of programs
for the development of supersonic air-
craft to operate at high altitudes for
civilian air transportation, it was rec-
ognized that exposure of aircraft occu-
pants to galactic and solar cosmic radia-
tion needed investigation. Further study
revealed that subsonic jets operating in
the polar regions were also subject to
hazards during periods of high solar ac-
tivity.

The
fice

Federal Aviation Administration, Of-
of Aviation Medicine, contracted
with the Space Environment Laboratory,
NOAA, to study and devise a radiation
prediction and warning system for solar
activity. As a part of this effort, ITS
is investigating methods of disseminating
the forecasts and warnings. The predic-
tions need to be available at pre-flight
centers so they can be considered in the
preparation of flight plans as well as
being broadcast to aircraft in flight so
that remedial actions can be instituted
during periods of hazardous radiation
conditions. The work on the project has
consisted of a survey of existing commu-
nication systems in the polar regions and

recommendations for implementing a fore-
cast and warning dissemination system
which would make maximum use of these

facilities. Recommendations for the im-
plementation of future more sophisticated
systems are a part of the report. This
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work will be completed in FY76 and a con-
tinuation of the project is not contem-
plated.
SECTION 4.5. APPLICATIONS

The constant study of EM Wave Transmis-~
sion Characteristics, the development of
up-to-date theoretical and empirical mo-
dels, and the study of real-world tele-
communication problems lead to state-of-
the~art applications for telecommunica-
tion uses. This section deals with a
variety of programs which show the broad
spectrum of applied electromagnetic
sciences.

4.5.1. Remote Sensing with
Over~the-Horizon Radar

NOAA Sea Scatter and Project NONESUCH. A

joint effort involving sea-scatter radar
between the Office of Telecommunications,
National Oceanic and Atmospheric Admini-
stration, and the Naval Research Labora-
tory has continued at San Clemente Island
off the coast of California. Some years
ago it was recognized that a need existed
in the area of environmental sensing and
monitoring for a technigue and system for
monitoring the principal wave height,
period, and direction of sea waves over a
wide area at a given time. The design
and construction of the San Clemente Sea
Echo Radar has enabled the development
and testing of various techniques to per-
form these tasks. The two principal
sponsors this year were NOAA and -NRL.

The FY76 objective of this work was to
design and build a high frequency iono-
spheric radar system especially optimized
for the generation and detection of sea
scatter over a wide area with good reso-
lution and capability to process and nhan-
dle large quantities of data.

Activity this year consisted in checking
out and shaking down the newly redesigned
radar system at San Clemente Island.
Assistance was provided to the sponsoring
agencies in performing some data runs and

in training their personnel in operation
and maintenance of the system.
A "black box" was designed and built

which allows the system to switch rapidly
from the ordinary data taking mode to an
ionospheric sounding mode for the inter-
spersal of ionospheric diagnostics during
data runs. This allows real-time knowl-~
edge of the ionosphere to be used to de-
termine the parameters of the experiment.

Most of the "bugs" were worked out of the
system and operation and maintenance were
transferred to the sponsoring agencies
for their area of system use.



The San Clemente Radar System remains un-
der the joint control of OT, NOAA, and
the NRL. It is anticipated that the lev-
el of activity by OT during the next fis-
cal year will be low and consist primar-=
ily of assistance with difficult mainten-
ance problems or in the incorporation of
modifications or additions to the system.
4.5.2. Radio Navigation and Radio
Position Determination

FAA Polariscope. An experimental antenna-
receiving system was designed to measure
the ratio of the vertically to horizon-
tally polarized electromagnetic fields
transmitted by VOR/ILS facilities. This
ratio is particularly important because
course bearing errors can be caused by
modulation carried by some components of
the wvertically polarized field from VOR
facilities. This work resulted 1in the
development and testing of a field polar-
ization meter, called a Polariscope by
the FAA, to be used for measuring this
field ratio.

A special discone~dipole antenna (figure
4-25) capable of receiving both verti-
cally and horizontally polarized fields
was developed and used with existing re-
ceivers to measure the VP/HP field ratio
from a portable VOR at our Table Mountain
test range. This antenna and a commer-
cial battery-operated VOR receiver were
capable of measuring VP/HP field ratios
as small as ~-46 dB, corresponding to a
0.3° bearing error.

The results of this work can be used by
the FAA to aid in minimizing VOR bearing
errors by adjusting various parameters in
the VOR antenna.

Another effort 1in this area was carried
out for the FAA entitled Airport Multi-
path Environment Measurements.

This project was originally established
to study the potential multipath effects
at sea-land transition areas relative to
over~water approaches using Microwave
Landing Systems (MLS). However, early in
the program, the emphasis was changed (by
amendment from the FAA) to investigate
the multipath environment 1in operating
airports that could be detrimental to MLS
systems. The project was described in
last year's annual report, so will only
be briefly reviewed here.

The ITS Channel Probe equipment was used
in two locales to measure the multipath
structure and level at the MLS operating
frequency of 5.1 GHz. A series of meas-
urements was performed at the National
Aviation Facilities Evaluation Center
(NAFEC) at Atlantic City, N.J., and at
Logan International Airport, Boston, Mas-
sachusetts (figure 4-26).

During FY76 a related project was devel-~
oped to expand the measurements program
to other major airports and to study more
comprehensively the complex multipath
structure.

A draft report (to be published by the
FAA) was completed on this project and
submitted to MIT Lincoln Laboratories.
Data analyses for the project were also
completed in FY76.

Central Europe Loran D Predictions. 1ITS
was asked by the U.S. Air Force Elec~
tronic Systems Division to develop an

automatic prediction/calibration computer
package for the Central European Loran
C/D chain. The required accuracy of the
prediction program is 50 nanoseconds
(one sigma) along each LORAN propagation

path for distances up to 1000 km. This
integrated program (i.e., terrain
retrieval, impedance retrieval, propaga-~
tion simulation and automatic integral

equation package) with data base was to
be modified as necessary for compati-
bility with the CDC-6600, the IBM 360/50,
and the UNIVAC 1108 computers.

The objectives of the program were four-
fold:

e Develop 1lithology digitization
procedure. Geologic maps were to be
studied to determine the extent of the
information to be digitized. The desired
form of the final 1lithologic data was
then to be defined, and computer algo-
rithms developed to transform the digi-
tized data into the desired form,
including any necessary compaction.

25 Terrain data processing. Com-
puter algorithms were to be developed to
read and decode existing tapes, decreas-
ing the volume by reducing detail, the
result to be in a form usable as an ele-
vation data base.

3. Propagation simulation research.
The need for including such factors as
overburden, ground water, permafrost,
ice, etc. in propagation simulation was
to be investigated. A complete algorithm
was to be developed and tested for con-
verting 1lithology and overburden into
electrical impedance values for wuse 1in
propagation simulation. The impedance
conversion algorithms would be incorpo-
rated into a single subroutine package to
automatically retrieve the impedance
along any propagation path. A similar
path retrieval algorithm was to be devel-
oped for terrain elevation data.

4. Computer program integration.
The several computer programs were to be
integrated into a single computer program
to translate receiver position into true
propagation times from each transmitter
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Figure 4-25, Discone-dipole antenna capable of receiving both vertical and
horizontal polarizations.
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Figure 4-26.

Multipath configuration at Logan

Airport, Boston, measured by ITS channel probe.



which would then be
conver ted to time-
Following debugging

to the receiver,
automatically
difference readings.
and testing of the program the final
results were to be compared to measure-
ments for verification of accuracy.

Objectives 1, 2, and 3 were mostly accom-
plished. Objective 4 was not accom-
plished because personnel ceiling reduc-
tions impacted on the staff performing
the major work on the project. Following
a joint review by ITS and the sponsor the
decision was made to close the program.
All the pertinent materials (information

and output) of the program were sent to
the sponsor along with the remaining
funds.

Analysis of Errors in Radiopositioning
Equipment. The Engineering Development
Laboratory of the National Ocean Survey

(NOAA/NOS) is charged with developing in-
strumentation and analyzing the operation
of equipment for use in hydrographic sur-
veying of the coastal regions of the
United States and its territories. The
hydrographic charts produced by NOS are
used for ship navigation in coastal areas
and are vital to maritime transportation
and commerce. These charts are generated
primarily with the use of HF and micro-
wave positioning systems, so that the
accuracy of these devices is of utmost
concern to the sponsor.

The sponsor wished to determine the in-
herent accuracies of the HF and microwave

positioning systems which are currently
in the NOS inventory. Effects of various
propagation phenomena, such as sea-~sur-

face multipath for various sea state, at-
mospheric refractivity, and ducting ef-
fects, are also to be investigated and
reported.

In addition to reporting the results of
the accuracy studies, recommendations re-
garding changes to current operating and
maintenance procedures were given.

The
ily of laboratory and

effort during FY76 consisted primar-~
field testing of

the 5 GHz and 10 GHz positioning systems
used by NOS, the analysis of test re-
sults, studies of the design of the sys-

tems, and applications of the test result
to the UHF-SHF propagation model which
has been developed within ITS.

The laboratory and field tests included
such tasks as determining the respective
system's sensitivity to fading, accuracy
of the system over surveyed paths, and
sensitivity of system accuracy to envi-
ronmental parameters.

The fading tests performed on each system
defined the useful dynamic range of each
device, and this information was used in
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the ITS propagation model to determine

the expected maximum operating range of
each system. Effects of multipath propa-
gation arising from reflections at the

sea surface were determined in terms of
system ranging accuracy, as were environ-
mental effects.

The results were compiled and analyzed
and specific recommendations to the spon-
sor were made regarding changes in cur-
rent operating procedures. These recom-
mendations concerned such items as limit-
ing the operating range of the systems in
areas 1in which multipath propagation is
probable, and procedures for calibrating
the systems to maximize accuracy during
hydrographic operations.

The major effort during FY77 will be the
analysis of the HF radiolocation systems
used by NOS; as in the case of the micro-
wave systems, studies will be made of the
equipment and of propagation parameters,
such as refractivity and ground conduc-
tivity, which are 1likely to affect the
accuracy of position measurements.

4.5.3. Antennas and Radiation
Buried Antenna Studies for this year con-
sisted primarily of measuring the re-
ceived signal level from a military sat-
ellite at the terminals of an existing

UHF antenna, and an ITS model of the an-
tenna, at a Minuteman Launch Facility
near Minot, North Dakota. These tests

were undertaken to determine the feasi-
bility of using the existing antenna for
a proposed satellite communication 1link.

As a result of the tests, we began a
study with TRW to help SAMSO determine
the probability of developing a higher-

gain hardened UHF antenna. Our contribu-
tion was the design of an encapsulated

cavity helix antenna mounted in the face
of a truncated pyramid monument. The
mean power gain of this circularly

polarized antenna was about 44 dB between
model frequencies of 1.0 and 1.6 GHz at
elevation angles between 10° and 60°.

A modest expenditure by recognized senior
theoreticians on EM theory applied to
practical problems is a cornerstone to an

effective EM wave Transmission program.
Three current projects, EM Theory, EM
wave Analysis of BOM Problems, and EwmP

Simulator Studies
this program.

are good examples ot

Work accomplished in support of this pro-
gram activity is summarized under two
headings.

INTERFERENCE FROM COAXIAL CABLES AND RE-
LATED ANTENNA PROBLEMS. A rather basic
problem in communication technology is to
calculate the effect of breaks 1in the



outer conductors of cables that are used
for transmission of information. This is
a particularly important question if the
bandwidth of the signal (in the coaxial
cable) encompasses frequencies that are
being utilized for other purposes in the
region exterior to the cable. While it
is possible to measure some of these ef-
fects for a particular situation, it is
still desirable to have an adequate the-
ory 1if the relative importance of the
many physical parameters are to be under-

stood. The general problem is akin to
much of the earlier work on radiation
from slot antennas. Unfortunately, the

available results from such studies can-
not be directly applied since the aper-
ture fields were usually assumed to be
known. In the present case, we do not
wish to assume the voltage across the
opening or gap in the cable shield. 1In-
stead, it is one of the desired quanti-
ties. A boundary value treatment was
used to derive field expressions for a
dielectric coated coaxial cable with a
gap in the shield. Specific results were
given for an incident TEM mode in the in-
terior coaxial region. For example, it
was shown that, for the VHF region, as
much as 18% of the incident power was
radiated 1into the external region via a
single circumferential gap in the shield.
We also found that comparable amounts of
power are transferred to a reflected TEM
mode 1in the cable and into surface waves
in the dielectric jacket. Another ap-
proach to the boundary-value problem was
also considered. Previously the internal
and external fields were matched, in an
average sense, across the gap. Here a
quasi~static analysis was employed that
does not require an assumption about the
field distribution in the gap. However,
the method appears to be useful only for
small gaps. Using either method, it was
shown that typically 15% of the incident
power in the cable is converted to exter-
nal radiation and typically 20% is trans-
ferred into surface waves in the dielec-
tric jacket. Such power calculations
were exhibited for frequencies of 20, 50,
100, and 300 MHz and for two coaxial
cables that are typical of those being
used in present day CATV systems.

The foregoing theory has also been ex-
tended to treat scattering from a break
in the shield of a braided coaxial cable.

SHIELDING BY WIRE GRIDS AND MESH STRUC-
TURES. Wire-mesh screens are often used
in place of solid metal sheets in the
shielding of electromagnetic waves be-
cause such screens are light and rela-
tively inexpensive. However, the elec-
tromagnetic properties of such screens
are not well~known, particularly when the
incident electromagnetic wave has arbi-
trary polarization and angle of arrival.
The goal of this theoretical study is to
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determine the reflection and transmission
coefficients of a rectangular wire mesh
as a function of the mesh dimensions ana
wire radius for an arbitrary incident
plane wave. Since wire meshes are often
used over an imperfectly conducting
earth, the effectiveness of this "ground
screen" application is also of interest.

a single
has been

Electromagnetic scattering by
planar array of parallel wires

considered in the past for a variety of
assumed conditions. Such grids are used
in many technical applications such as

shielding enclosures and in ground sys-
tems for antennas. However, when the in-
cident wave has arbitrary polarization,
the wuse of two planar arrays of perpen-
dicular wires may be desirable. Earlier
analytical work by the Soviets was car-
ried out for square meshes and for rec-
tangular meshes employing ingenious tech-
niques based on averaging the fields over
one cell of the mesh before applying the
boundary conditions. As such, the re-
sults would seem to be restricted to rel-
atively small spacings of the grid wires
in terms of wavelength. Thus we derived
a general solution for the crossed wire
grid, with no restrictions on polariza-
tion, incidence angle, or wire conauc-
tivity. The separation between the two
grids could become arbitrarily small, but
should not become zero. Thus we did not
consider the bonded rectangular mesh lim-
b1 {o8 The solution for the wire currents
involved a doubly infinite set of 1linear
equations which were solved by either
perturbation or matrix 1inversion. The
calculation of the transmission coeffi-
cient, including the cross~polarized com-
ponent, was straight~-forward once the
currents are known, and numerical results
were presented to illustrate dependence
on various parameters.

In a further analysis, we considered the
tricky problem of bonded junctions. The
appropriate doubly infinite set of linear
equations for the currents were found to
be wvalid for a wire wmesh with bonaed
junctions without imposing any Jjunction
conditions. However, the convergence of
the solution was greatly improved by
building junction discontinuity condi-
tions into the current representation.
Using such a modified solution, numerical
results were generated to illustrate the
dependence of reflection and transmission
coefficients on various parameters. The
same method is now being applied to treat
the penetration of EM waves through the
loosely braided shields of coaxial cables
that have relatively small optical cover.
As mentioned before, they are finding
much use in 1leaky feeder communication
systems, so a proper analysis is baaly
needed if reliable engineering designs
are to be made.



Computer programs have been written to
solve for the desired reflection and
transmission coefficients, and numerical

results have been published to aid in the
selection of the mesh size and wire ra-
dius. These results make it possible to
design an effective wire mesh screen
without wusing an excessive amount of
metal. The same information can be ap-
plied either to shielding of undesired
signals with wire meshes or to the forma-
tion of a desired antenna pattern through
the wuse of a wire mesh ground screen. A
computer program has also been written to
calculate the far-field radiation pattern
of a dipole antenna over a wire mesh
ground screen.

The work
extended
braided
wire for

during this fiscal year has also
our knowledge of the use of
coaxial cable and of the trolley
communication in mine tunnels.

Propagation of electromagnetic waves in a
coal seam (highly resistive material)
bounded by more conducting rock is found
to be quite attractive as a means of com-
munication.

In FY77 the work on loosely braided coax
will be continued. An analytic study
will be undertaken of the magnetic vector
of the field of a dipole located 1in a
homogeneous and also a layered overburden
in order to better answer the question
as to whether helicopter measurements can
be profitably utilized.

A technique for the reduction of fading
on line-of-sight paths by the use of An-
tenna Tilting was carried out for the
FAA.

On line-of-sight paths, multipath com-
ponents which originate below the direct
path are wusually present, even though
their magnitude may be small. When the
direct path is attenuated (e.g., by atmo-
spheric induced diffraction effects), the
magnitudes of the off-path components
relative to the direct path may become
large enough to produce deep fading. The
reduction of the multipath component by
antenna tilting reduces the depth of
fades. It is clear that tilting the an-
tenna will have 1little or no effect on
the diffraction type fading. Thus, for
paths which exhibit the characteristic
described above (i.e., power fading of
the direct signal to a 1level which
induces multipath fading), tilting the
antennas upwa rd should provide some
protection against the deeper multipath
fading.

was conducted to examine
improving communications
on microwave links which experience per-
iods of deep fading. The experiment was
performed for the Federal Aviation Admin-

An experiment
techniques for
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istration over one of their radar micro-~
wave links (RML) in southeastern Colorado
between Fowler and Boone (figures 4-27
and 4-28). The path from Fowler to Boone
is approximately 50 km 1long, and the
operating frequency was 8110 MHz.

The experiment showed that, when antennas
were tilted up to obtain 2 dB decrease
over maximum gain during steady signal
conditions, the fading was reduced over
the system utilizing untilted antennas.
The tilting technique should also work on
other paths where sufficient angular
separation between the direct and re-
flected rays exist, and where antennas

with sufficiently “"sharp" main beams are
used.

This technique will reduce fading when-
ever the fading is caused by the inter-
ference between the direct path component
and one or more components which are re-~
flected (scattered) from below the direct
path, and an antenna with an appropriate
pattern is used.

4.5.4. Transmission Through the
Atmosphere: Applications

A five-year program planned for the study
of information transmission problems in
radio 1links, and the laboratory simula-
tion of time-variant transmission chan~
nels, was started in FY75. There was a
recognized need to develop new standards
and techniques for greater information
transfer efficiency in assigned radio
channels, and to provide the laboratory
tools needed to facilitate future stud-
ies.

In FY76 the Channel Simulation and Eval-

uation project summarized and reported on

the operation and application of the ITS
Channel Probe in evaluating the time-
variant characteristics of radio trans-
mission channels. The probe technique is
based on the correlation detection and
processing of a wideband pseudo-random
noise (PN) signal, transmitted over a
path in binary format. The receiver
output 1is a measure of the impulse re-
sponse of the transmission channel. The
system has the resolution of a nanosecond
pulse technique, but through time-band-~
width trade-offs, it is capable of data
rates that are recordacle on standard
analog magnetic tape systems.

Activity on this project in FY76 has in-
cluded the publication of a report (OT
Report 76-96) which completely describes
the channel probe system and its capabi-
lities.

In addition, a second
pleted which presents a summary and
analysis of various measurements that
have been performed with the system. The

report was com-
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Figure 4-27. Recording equipment at Boone, Colorado.

Figure 4-28, Receive antennas at the Boone Site
used in the tilting experiment.
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latter include impulse response measure-
ments over time-variant microwave trans-
mission circuits, and the results from a
comprehensive set of measurements appli-
cable to 1link engineering problems such
as path clearance and reflections. These
measurements were performed under con-
tract for the U.S. Air Force, and the re-
sults have been used directly to specify
system operating parameters and link in-
stallations for high-speed digital commu-
nication.

ERDA Support Program. The Energy Re-
search and Development Administration in-
herited from AEC the responsibility of
transporting nuclear weapons from station
sites to silos and other military instal-
lations. This responsibility includes
the development and operation of a com-
munications network for location, track-
ing of mobile systems by headquarters,
and normal command/control capabilities
between mobile systems and headquarters.
A network employing HF communication
techniques was developed by a contractor
during the 1968 to 1970 period. This
network originally accommodated only
analog voice mode. A recent enhancement
to maximize security and reduce undesired
message traffic converted the network to
a digital mode of operation. Conversion
problems and general difficulties in
operational management resulted in ERDA
requesting assistance in improving wvari-
ous functional capabilities of the exist-
ing network and providing a computer
management system for planning convoy
routes and the general control of status
communications.

This program was initiated by ERDA with

four tasks:

1. To measure emission character-
istics of the Albuquerque site transmit-
ter to determine compliance with OTP

standards.

2. To measure the pattern and ef-
ficiency of the antenna for the portable
communication system for all frequencies
of network operation.

3. To complete a design for a
physically small configuration of an an-
tenna having the efficiency of at least 6
dB advantage over the current "rooftop
antenna," with a physical configuration
that would minimize detection and iden-
tification of convoy vehicles.

4, The development of the manage-
ment support program to assist route
planning and the development of reporting
reqgulations for convoy communications
personnel.

Subsequent paragraphs discuss progress on
the individual tasks during FY76.
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An instrumented van was utilized to meas-
ure the total emission at all operational
frequencies of the Albuquerque transceiv-

er site. R. G. FitzGerrell and staff
completed all primary, harmonic, and
spurious emission measurements and
reported various violations, primarily in
the harmonic and spurious spectral
regions. This was not unexpected, since

various filters had been removed from the
commercial equipment to accommodate site
constraints. A report detailing the
emission characteristics and the area of
violation was provided to the systems
manager.

A communications van with complete commu-
nication system components was transport-—
ed to Boulder and the antenna measure-
ments completed at the Table Mountain
site by FitzGerrell and staff. Two an-
tennas were employed on the van: a whip,
originally developed by the SANDIA Cor-
poration, but subsequently abandoned be-
cause of communications problems; and a
single loop "luggage rack" configuration
that represented the most recent SANDIA
recommendation for the mobile require-
ment. With the site instrumentation and
a helicopter mounted source, complete
pattern measurements to all operational
frequencies for vertical and horizontal
polarization were completed. Significant
differences were noted from the design
predictions, particularly in reduced
gain. These data will form the basis for
redesign of the antenna system. This in-
formation, with the reduced degradation,
provides the basic justification for ERDA
to redesign the antenna system to improve
efficiency and reduce the physical pro-
file.

The
tiated in early FY77 upon
the final measurement
This antenna will employ
large periodic structure
essary low physical profile
security of the convoy.

antenna redesign effort will be ini-
submission of
report to ERDA.
some form of
with the nec-
to enhance

The initial design of a computer model to
assist in route and control planning has
been completed. This model employs the
basic HF prediction routine previously
developed by ITS, with differences in
data presentation and plotting to accom-—
modate planning design. 1Ionospheric ana
temporal data are reported in the manner
identical to the existing HF management
support model. Plots are provided of
signal magnitude and fluctuation at any
desired location, with uncertainties
quantified to support the preparation of
communications operation instructions for
convoy personnel. This model will also
be employed for "quick 1look"™ assistance
in determining problems in communicating
with operating systems. This latter op-
eration is necessary where voids in com-



munications must be quickly evaluated be-
fore emergency conditions are assumed.

For this program, the activity in FY77
will primarily concern the detailed de-
sign of the mobile antenna system and the
completion and installation of the man-
agement support model. For the antenna
system, ERDA will receive design data and
performance predictions, and a detailed
test plan. Fabrication of the antenna
will presumably be accomplished by an in-
dustrial group.

The completion of the design of the man-
agement support model concerns the prep-~
aration of data bases, and the integra-
tion of plotting and display routines
appropriate to the previously sited plan-
ning requirements. This program will be
installed on a computer at AFWL or SANDIA
-with the assistance of ERDA Albuquerque
personnel.

FRA Communication Study. This program
was initiated by the Federal Railroad
Administration to provide detailed opera-
tional support requirements, usage, in-
vestment, and cost of ownership informa~
tion for railroad communications systems.
This investigation 1is being carried out
to support VHF spectrum allocation in re-
sponse to the consideration by the Fed-
eral Communications Commission of trans~
fer of all or part of the current Rail-
road Industry assignments to maritime
operations.

The
lows:

objectives have been set out as fol-

1. Collection of data regarding
railroad communications operating proce-
dures, equipment characteristics and in-
vestment, usage, deployments, operational

support relationships (safety aspects,
command/control enroute and in yard op-
erations, police, etc.), and maritime

communications operations in port areas.

2. Develop time-line descriptions

and support capability analyses for ex-
isting RR communications and advanced
configurations, and cases of reduced al~

locations on partial or total reassign-
ment to alternate frequency regions.

3. Prepare cost of ownership and
investment information in relation to
communications system usage and RR system
operations categories.

4. Perform capability analyses for
reduced allocation and reallocation op-
tions; develop appropriate system con-

figurations, implementation schedules,
and investment and cost of ownership es-
timates.
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5. Analyze shared allocations be-
tween railroad and maritime operations in
port areas. Detailed interference poten-
tials and the possibilities for a form of
integrated control process.

6. Design and 1implement a vyard
frequency-usage measurements program.
Two or three yards will be included, the
number dependent primarily on the opera-~
tional variabilities and competing envi-
ronment differences indicated by the RR
system produced data.

7. Complete a final technical re-
port having detailed requirements, usage,
planning, and cost information and sup-
porting analyses to justify recommenda-
tions to spectrum regulating agencies.

Consideration of the time
formulate a composite U.S. position for
the 1979 world General Administrative
Radio Conference necessitates the comple-
tion of this DoT study within a 6 to Y
month period.

required to

Various meetings with the Superintendents
over Communications for the U.S. railroad
companies have taken place. Collection
of data regarding railroad communications
for all areas and maritime communications
in port areas have been completed. The
development of time-line descriptions of
train movements and use of supporting
telecommunications have been startea for
selected railroad yards.

The major effort of this program will be
accomplished during the transition quar-
ter and in FY77.

This program will continue into FY77 and
upon the completion of the presently as-
signed tasks as listed above under objec-
tives will lead to a follow~on study.
The follow-on study will include the use
of high data rate digital communication
to enhance railroad operations particu-
larly in the urban areas.

Hydro-Quebec 1is planning an extensive
modernization of its 1land mobile radio
system. Under this project, entitled
Mobile Aids, Hydro~Quebec, ITS will de-
vise computer aids to help the design of
the new system and will supply these aids
in the form of computer programs able to
operate at the sponsor's facility.

In FY76 we
with programs
graphic data,

have supplied Hydro-Quebec
to reduce digital topo-
to interface with executive
routines, and to utilize these data in
several ways. Combined with radio propa-
gation models, the data can be used to
estimate received signals and so be of
direct use in the siting of base stations
and the choice of antenna structures.



Calibrated Range. In 1971, ITS estab-
lished a calibrated baseline between
Upolu Point and Mt. Haleakala in Hawaii.
The path is 65 km long and extends from
near sea level to 3000 m in elevation
simulating aircraft to ground geometries.
In the present project, this calibrated
line was used as a reference for compar-
ing two methods of making range correc-—
tions in high accuracy tracking systems.
During the test period, a 3 cm microwave
ranging instrument was operated simul-
taneously with measurements of atmospher-
ic index structure by radiosondes and by
an airborne microwave refractometer. The
data from each of the 1latter are being
used to correct the observed range data,
and the corrected data will be compared
with the <calibrated 1length to evaluate
both the precision and accuracy achieved
by each method. The analysis of the re-
fractometer data has been completed and
shows a correlation of 0.993 with the
microwave range data. Using the former
as the correction for the latter, the
estimated standard deviation for the mean
corrected range is 1.6 cm.

FM Coverage. The purpose of this inter-
esting project was to plot maps such as
those in figure 4-29 showing how the to-
tality of standard FM broadcast stations
cover the coterminous United States. It
was done for the Federal Communications
Commission (FCC) to provide some small
amount of help towards deciding policy
questions concerning aural radio, both FM
and AM.

The maps were constructed by computer us-
ing the FCC data base of 4235 broadcast
stations and the OT collection of envi-
ronmental data including average terrain
elevations and the terrain irregularity
parameters Ah. The shading in these maps
consists of a large number of "spots"
whose darkness is controlled by how much
of each spot is blackened, just as in the
usual photogravure process. The degrees
of shading show where there is no cover-
age (white), where there is coverage by a
single station (lightly dotted), where
there is coverage by two or more stations
(heavily dotted), and where coverage con-

sists solely of one or more 10 watt
(class D) stations (very dark). 1In fig-

ure 4-29(a) is shown the case where F(50,
(i.e., where 50% or more of

50) =1imV/m
the locations receive a signal of at

least one millivolt per meter for at
least 50% of the time), while figure 4-

29(b) illustrates the case where F(50,
50) 250K V/m. By simply counting the
spots we find that 84% of the land area
of the U.S. is served by at least one FM
signal having a field strength of 50 uV/m
or more. An analysis of the errors in-
volved seems to show that while the rep-
resentation of coverage by individual
stations may sometimes be quite errone-

ous, the percentage quoted above should

be accurate to within a percent.

4.5.5. Special Applied
Electromagnetic Sciences

Automotive Radar Research. The Office of
Telecommunications has been assisting the
National Highway Traffic Safety Admini-
stration for the past three years in a
study of the feasibility of the applica-
tion of radar systems as sensors for au-
tomatic vehicular braking devices. The
third phase of this investigation was
completed in November 1975.

Problems addressed in this most recent
phase were identified during the Phase I
and II studies as areas requiring further
investigation. These areas include the
degradation of the performance of realis-
tic automotive radar systems by rainfall,
the investigation of the encounter prob-
abilities for the situation in which
three or more vehicular radars mutually
interfere, and the effects of realistic
antenna radiation patterns in the detec=
tion of non-hazardous targets located on
the peripheries of typical horizontal
highway curves.

In addition to these tasks, a prototype
baseband radar system was evaluated for
its ability to detect automotive targets.
A baseband radar is a system which uses
extremely narrow baseband pulses for
target illumination, obviating the need

for a radio~frequency carrier and hence
much of the complexity of conventional
radars.

Results of the Phase III tasks indicate
that cw radars operating above 20 GHz
(which 1is the lowest frequency at which
automotive radars are expected to be
allowed to operate) will suffer severely
reduced range performance in the presence
of 1light rain. Pulsed systems, however,
are expected to provide acceptable maxi-
mum range performance (=100 m) even at
rainfall rates exceeding 50 mm/hr.

The multiple~vehicle interference study
showed that mutual interference among
three or more automotive radars is highly
unlikely, and that the most likely situa-
tion in which interference could occur is
the case in which two wvehicles approach
each other in a head-on configuration
along a straight, narrow roadway. Poten-
tial solutions for this type of encounter
were discussed in the Phase II investi-
gation.

The study of antenna patterns and the il-

lumination of roadside targets indicated
that sidelobe 1levels must be kept at
least 20 dB below the main lobe peak in

order to minimize the detection of these
non~hazardous targets. Significant false
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Figure 4-29%9a. Estimated coverage of the U.S. by FM stations
for F(50, 50) > 1lmV/m.

Figure 4-29b. Fstimated coverage of the U.S. by FM stations
for F(50, 50) > 50 uv/m.
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alarm problems will develop 1if proper
discrimination against this class of tar-
gets is not provided.

The evaluation of the baseband radar sys-—
tem showed that this technique is capable
of detecting all types of vehicular tar-
gets, as well as pedestrians and cy-
clists. Much development work 1is re-
quired, however, before such a system
could be considered as a braking sensor.

These results will be used by NHTSA in
their determination of the need to formu-
late a Federal Motor Vehicle Safety
Standard for radar braking systems. If
such a standard is written, the work per-
formed by OT/ITS will contribute substan-
tially to the technical content of the
standard.

Multiple Receiver System (MST-TI). There
is a critical shortage of Electronic War-
fare (EW) training equipment in the Air
Force. The impact of the shortage of
this equipment has a direct effect on our
Operational Forces combat capability.
There 1is an immediate need for adequate
and realistic simulated enemy-threat sys-
tems as well as appropriate receiving/
analysis systems to evaluate the effec-
tiveness of electronic counter measures
(ECM) employed against these systems.

The project objective is the development,
design, and procurement of a multiple re-
ceiver system for deployment by the Air
Force Security Service, Electronic War-
fare Center, Kelly AFB, Texas, in support
of electronic warfare tests and exer-
cises. The design objective is to pro-
vide a prototype model which will form
the basis for future production models to
be deployed by the Strategic Air Command
and Tactical Air Command for similar mis-
sions related to operational testing,
training, and evaluation during EW tests
and exercises.

The development and design of the proto-
type system involves automation of hard-
ware command and control functions as
well as analysis of measurements during
the conduct of EW tests and exercises for
evaluating aircrew and ground forces
training efficiency under simulated com-
bat conditions. It is required that the
prototype system provide for flexibility,
and growth potential to meet present and
future Air Forces user requirements.
Initially, the prototype multiple receiv-
er system will be divided to provide in-
dependent capabilities for application to
communication EW tests and exercises in
the frequency range 500 kHz to 500 MHz
and radar EW tests and exercises in the
frequency range 100 MHz to 18 GHz.

The
1976,

in February
of work

project was initiated
and a detailed statement
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and specifications for the prototype sys-
tems were prepared. Review of the pre-
liminary design by other Air Force oper-
ating commands indicates the need for mo-
difications to meet new requirements.
Procurement of major hardware items 1is
essentially complete. Design changes to
accommodate new requirements are being
prepared for review, with final design
expected in September 1976.

A Symposium on Millimeter—Wwave Utiliza-
tion was held in FY76.

the applications of mm

A conference on
waves to communications was held during
March 2-4, 1976. The purpose of the

meeting was to encourage the exchange ot
views among several areas of activity
relating to the use of the radio spectrum
above 10 GHz for communication. Forty
persons attended representing manufactur-
ers, users, frequency managers, and
standards and propagation research work-
ers. The organizations represented in-
cluded private industries, universities,
and both military and civilian government
agencies. In the first plenary sessions,
eight speakers presented reports on
various aspects of the conference topic
generally emphasizing the problems which
appear to be limiting greater use of the
radio spectrum above 10 GHz.

iy "A New Approach to MM Waves,"
Mr. N.E. Feldman and Dr. S.J.
Dudzinsky, RAND Corp.

"Military Plans for MM waves,"
Dr. P. Jain, D. C. A.

"Some Aspects of Mbi-wave Re-~
search at B.T.L.," Dr. L. Til-
lotson, Bell Labs.

"The Role of the FCC," Mr.
Reiner, FCC.

A.

"Survey of Solia State MM Wwaves
Sources," Dr. B. Fank, Varian.

"Communication Satellites,"”
Dr. L. Ippolito, NASA.

"Millimeter wave Propagation

on Terrestrial and Earth-Space
Paths," Dr. D. Hogg, Bell Labs.
8. "Electromagnetics," Dr. H.
Boyne, NBS.

A report on the proceedings, with recom-
mendations, is currently in preparation
and should be published in September
1976.
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ANNEX

GENERAL AND HISTORICAL INFORMATION

The 1Institute for Telecommunication Sci-
ences, largest component of the Office of
Telecommunications, is 1located at the
Boulder Laboratories of the Department of
Commerce, and has (as of June 30, 1976) a
full-time permanent staff of 112 and

other staff of 57. 1In FY 1976, its sup-
port consisted of $1.1 million of direct
funding from Commerce and $8.0 million in
work sponsored by other Federal agencies.

The Boulder Laboratories include research
and engineering components of the Nation-
al Bureau of Standards, the National
Oceanic and Atmospheric Administration,
and the Office of Telecommunications.
Common administrative services are the
rule in the Boulder Laboratories. The
Radio Building, which houses ITS, 1is on
the National Bureau of Standards campus
at 325 Broadway. In addition to ITS, the
Office of Telecommunications also has its
Policy Research Division located 1in the
30th Street Building off Baseline Road in
Boulder.

The following brief history shows its NBS
beginnings. The Radio Section of the
National Bureau of Standards was founded
prior to World War I, and played a major
role in the evolution of our understand-
ing of radio propagation. Dr. J. H.
Dellinger, its director for most of the
period up until World War II, was strong-
ly convinced of the importance of re-
search and gave it practical application
as first Chairman of the Study Group on
Ionosphere Propagation in the CCIR.

the Interservice
(IRPL) was

During World War 1II,
Radio Propagation Laboratory
organized at the National Bureau of
Standards, under the direction of Dr.
Dellinger. His group provided a common
focus for military needs in propagation
during the war. In 1946, the Central
Radio Propagation Laboratory (CRPL) was
established, and 1in its early years had
direct ties with the Defense Department;
for example, senior officials of DoD
would appear before Congress to defend
the CRPL budget. 1In 1949, Congressional
concern for the wvulnerability of gov-
ernment laboratories located in Washing-
ton, D.C., and the crowding of the NBS
Connecticut Avenue campus made it advis-
able for the radio research work to be
taken elsewhere.

Three sites, one 1in California, one in
Colorado, and one in Illinois, were con-
sidered, and Boulder, Colorado, was se-
lected. The first group from CRPL, which
at that time included radio standards
work, moved to Colorado in 1951, and the
move was completed in 1954, during which
year President Eisenhower dedicated the
NBS Radio Building. The Radio Standards
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VI
OF ITS

CRPL at the time of the move

and has pursued a parallel
Boulder in NBS since that

program left
to Boulder,
existence at
time.

In 1954 CRPL consisted of two research
Divisions: Radio Porpagation Physics ana
Radio Propagation Engineering. The Radio
Systems division was formed in 1959. In
1960 the Upper Atmosphere and Space Phys-
ics Division and the Ionosphere Research
and Propagation Division were formed from
the Radio Propagation Physics Division.
In 1962, CRPL received a full-time Direc-
tor, Dr. C. Gordon Little. 1In 1965, Dr.
H. Herbert Holloman, first Assistant Sec-
retary for Science and Technology in
Commerce, implemented a decision to unify
geophysics in Commerce with the creation
of the Environmental Science Services
Administration (ESSA), made up of the
Wweather Bureau, the Coast and Geodetic
Survey, and the Central Radio Propagation
Laboratory. At that time the CRPL was
renamed the Institute for Telecommunica-
tion Sciences and Aeronomy (ITSA). 1In
1967, the Institute for Telecommunication
Sciences came into being. It contained
the telecommunications-oriented activi-
ties of ITSA. Dr. E. K. Smith served as
an interim Director for one year and was
followed by R. C. Kirby who was Director
for the ensuing three years.

Meanwhile, in Washington, major attention
was being given to the organization of
telecommunications in the Federal es-
tablishment, and the Department of Com-
merce established an Office of Telecom-
munications in 1967. Reorganization Plan
No. 1 of 1970 and Executive Order 115%6

established the Office of Telecommunica-
tions Policy (OTP) in the Executive
Office of the President, and assigned

additional responsibilities to the Secre-

tary of Commerce in support of OTP. To
meet these responsibilities, the Office
of Telecommunications (OT) was given ex-

panded responsibilities on September 20,
1970, and ITS, along with its programs,
property, personnel, and fiscal resources
was transferred to OT. while no major
organizational changes have transpired
since that time, major changes in program
emphasis have been made.

In 1971, Douglass D. Crombie became
Director of ITS. ITS has shifted from
its strong emphasis on radio wave propa-
gation and antennas since 1970, 1in the
direction of applications in spectrum
management and in telecommunication sys-
tems.

ITS and 1its predecessor organizations
have always played a strong role in per-
tinent scientific (URSI), professional
(IEEE), national (IRAC), and internation-



al (CCIR) governmental activities. The
chairmanship of Study Group 6 (Iono-
spheric Propagation) of the CCIR has al-
ways resided in ITS or its predecessor
organizations. The Director of CCIR from
1966 to 1974 was Jack W. Herbstreit, a
former Deputy Director of CRPL and ITSA,
and the current CCIR Director is Richard
C. Kirby, formerly Director of ITS. At
the present time, the U.S. preparatory
work for four of the eleven study groups
of CCIR is directed by members of ITS
(U.S. Study Groups 1, 3, 5, and 6), and
staff members of ITS participate in many
of the other Study Groups. ITS actively
supports the Interagency Radio Advisory
Committee (IRAC), and the Chairmen of its
Standards Working Group (J. A. Hull) and
the Propagation Working Group (W. F.
Utlaut) of the Technical Subcommittee are
members of ITS management.

The work which ITS does for other agen-
cies in the government derives its 1legal
authorities from 15 U.S.C. 272(e) "Advi-

sory Services to Government Agencies on
Scientific and Technical Problems" and 15
U.S.C. 272 (f) "Invention and Development
of Devices to Serve Special Needs of
Government." As a matter of Federal pol-
icy, the Office of Telecommunications
does not accept work more appropriately
done by other non-government or govern-
ment organizations. It is also a matter
of policy that all sponsored work rein-
force OT's overall program and that it be
clear that other agencies, industries, or
universities could not serve equally well
or better.

Within these policy guides, ITS aspires
to being the Federal laboratory for re-
search in telecommunications. It is

clear that the government has a responsi-

bility to pursue 1long-range studies in
telecommunications which are not econom-
ically profitable for industry. It is

also clear that the government must have
its own, 1independent laboratories to
assess the significance of research con-
ducted elsewhere. Towards these ends,
ITS strives to maintain a knowledgeable
staff that is working on the frontiers of
technology and is in touch with the tele-

communications problems of the Federal
Government. Its programs and future
directions are succinctly given in the
Foreword of this report by ITS Director
D. D. Crombie.

The Department of Defense has long been
the primary source of advanced
technology. At the present time, the
largest part of the other agency
sponsorship of ITS comes from needs of
the Department of Defense. However,

there 1is also a clear need for relevance
to national goals on the civilian side of
the Federal establishment. ITS is
therefore moving to increase 1its work
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civil side of the Federal
government. The agencies in the civilian
sector are frequently also in the high
technology area, for example the FAA and
NASA, for which 1ITS has done, and con-
tinues, very important work in naviga-
tion, collision avoidance, satellite com-
munications, and related work.

with the

in conclusion to re-
emphasize the environment in which 1ITS
exists in the Department of Commerce
Boulder Laboratories. The components of
NBS, NOAA, and OT which make up the
Boulder Laboratories are portrayed on the
chart on the inside of the back cover.
It is readily seen that ITS reaps many
advantages from the common service struc-
ture of these Laboratories which are nor-
mally only available to an organization
many times the size of ITS.

It is appropriate
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